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OBJECTIVE

After completion of this programmed text, you will associate each
equipment air conditioning component with its operation with a minimum
of 80% accuracy.

INSTRUCTIONS

This programmed text presents information in small steps called
"frames." After each frame you are asked to respond to the information
in some way. Read the material and make your response. Compare your

answers with the correct answers given on the top of the next frame.
If you find you are incorrect, reread the frame to get the correct
information. If you are right, and you understand the information
presented in that frame, proceed on to the next frame. DO NOT skip

ahead unless the text directs you to do so.

Remember, you are not graded on haw fast you go. You will, however
be rc.quired to take an appraisal on the material to determine what you
have learned.
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Frame 1

In this text we will cover the operation of the third air condi-
tioning system. The first one was the system on the trainer aircraft.
it was the basic air conditioning system. The second one was the
cabin system on the more complex fighter aircraft.

The third system is also on the fighter aircraft. It is known as
the equipment air conditioning system. As its name implies, it is an
air conditioning system for the equipment.

Now you're asking yourself, "What equipment?" Welt, certain
electronic equipment on the aircraft will get hot during continuous
operation. This can be compared to a radio or TV set. If you leave
the set on for awhile, you can feel the heat coming from the back of
the set. You crn imagine how much damage this heat could do if it
was allowed to increase. You can see that if a small air circulating
fan were mounted inside your TV, the TV tubes would last longer. This
will give you an idea as to why it would be beneficial to have a
complete air conditioning system just for cooling the electronic
equipment in an aircraft.

Here are three good reasons for having an equipment cooling system.

1. Extends component life (makes them last longer).

2. Prevents critical resistors from changing their value.

3. Prevents heat damage to equipment located in the same area,
such as electrical wiring, fuel lines, etc.

Fill in the blacks to complete the following statements.

1. Keeping electronic components cool will make the components

2. The equipment cooling system is used to cool
equipment.

3. The main purpose of the equipment air conditioning system is
to remove the generated by certain electronic
equipment.

3
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Answers to Frame 1: 1. last longer 2. electronic 3. heat

Frame 2

The air conditioning components fur the equipment air conditioning
system are grouped into an assembly called the "EQUIPMENT UEFRIGERATIO-
UNIT." This unit is often referred to as the air conditioning package.

The illustration on the opposite page shows the equipment refri-
geration unit- The numbered arrows point to the major components and
to the air inlet and outlets. These items, with corresponding numbers
are listed below.

1. Engine bleed air inlet eict 8. Turbine bypass valve

2. Heat exchanger 9. Equ!_pment air outlet duct

3. Ram air inlet duct 'O. Radar compartment air outlet

4. Ram air outlet duct 11. Temperature sensor

5. Ground cooling ejector
shutoff valve

12. Temperature limiter

13. Ram air shutoff valve
6. Pressure regulator and

shutoff valve 14. Ram air check valve

7. Turbine assembly

In the frames that follow, each of these components will be
described. As each component is described, you should refer hack
to the illustration of the refrigeration unit. This will help you
see how each component makes up part of thig system.

NO RESPONSE REQUIRED
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1. Engine bleed air inlet.
2. Heat exchanger.
3. Ram air inlet duct.
4. Ram air exit duct.
5. Ground cooling ejector shutoff valve.
6. Pressure regulator and shutoff valve.

7. Turbine assembly.
8. Turbine bypass valve.
9. Equipment air outlet duct.
10. Radar compartment air outlet duct.
11. Temperature sensor.
12. Temperature limiter.
13. Ram air shutoff valve.
14. Ram air check valve.
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Frame 3

In several of the following frames, small schematic diagrams will

be used to show you how the air flows through this system. These

diagrams are simplified and will show only a part of the system. As

you progress through the text, components will be added until the

system is complete.

For example, the diagram on page 6 shows only the flow of air

from the bleed air system to the heat exchanger. By following the

airflow on these diagrams, it should make it easier for you to see
how each component fits into this system.

From your studies of the trainer and fighter type aircraft cabin

air conditioning systems, you should recall that the source of air for

the air conditioning systems is from the engine bleed au system.

Remember, this is hot high pressure air.

In the previous systems that you studied, the first unit in the

system was the shutoff valve. Well, the equipment system is different.

The first writ in this system is the heat exchanger. A system shutoff

valve is used, but in this system, it's located after the heat exchanger.

Follow the arrows in the diagram and notice that the bleed air

flows to the heat exchanger. This is an air-to-air type heat exchanger,

similar to the cabin system heat exchanger. The bleed air flows through

the tubes of the heat exchanger. Ram air flows in the ram air inlet,

over the tubes and out the ram air outlet.

The heat from the bleed air is transferred to the ram air and

carried overboard through the ram air outlet. The heat exchanger is

the first stage of cooling for this system. The bleed air leaving the

heat exchanger is referred to as "partially cooled air."

Remember, the ram air flows across the heat exchanger for cooling.

It does not mix with the bleed air.

Fill in the blanks to complete the following statements.

1. The unit that partially cools the bleed air ls the

2. The heat exchanger is the stage of cooling.

3. The source of air for the equipment air conditioning system

is the system.

4. As the bleed air passes through the heat exchanger, the heat

is removed by the

5. The engine bleed air leaving the heat exchanger is called

air.
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Answers to Frame 3: 1. heat exchanger 2. first 3. bleed air

4. ram air 5. partially cooled

Frame 4

During flight, the forward movement of the aircraft provides
sufficient ram airflow for heat exchanger operation. However, when
the aircraft airspeed is low or the aircraft is on the ground, ram
airflow stops. Naturally, if there is no cooling ram airflow, heat
ekhanger efficiency is lost.

Remember, on the cabin system, a ground cooling ejector assembly
was used to pull ram air across the heat exchanger. The equipment
system also has a ground cooling ejector assembly that serves the same
purpose and operates the came way. The ejector assembly consists of
a ground cooling ejector shutoff valve and an ejector nozzle.

In the illustration on page 8, notice that bleed air is tapped
from the hot air duct before it enters the heat exchanger. This air

is directed to the ground cooling ejector shutoff valve.

When the landing gear handle is placed to the gear down position,
a microswitch on the gear handle directs electrical power to the open
side of the valve. The ground cooling ejector shutoff valve then moves
to the open position. This allows the bleed air to spray out of the
ejector nozzle.

This action, you should recall, causes air to be pulled in the
ram air inlet, thereby creating a "ram" air action across the heat
exchanger. This action lets the heat exchanger operate as if it were
actually getting cooling air by ram action.

Fill in the blanks to complete the following statements.

1. The ground cooling ejector assembly consists of a ground
cooling ejecto-: and an ejector

2. The ground cooling ejector shutoff valve is controlled by a
switch on the

3. Directing bleed air through the ejector nozzle causes
air to flow over the heat exchanger tubes.

Energize the auxiliary relay, pulling its armature down. This
will not direct electrical power to the open side of the ejector
valve.

9
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Answers to Frame 4: 1. shutoff valve nozzle 2. landing gear handle

3. ram

Frame 5

The equipment system ground cooling ejector shutoff valve,
illustrated below, is identical to the ground cooling ejector
shutoff valve used :In the cabin air conditioning system.

It is a butterfly type valve, actuated by a 28 volt- DC motor.
The valve has a position indicator (pointer) that shows when the
valve is open or closed.

Fill in the blanks to complete the following sta...ements.

1. The unit that controls the airflow to the grcand cooling
ejector nozzle is the ground cooling

2. For the ground cooling ejector assembly to operate, the
landing gear handle must be (up/down).

3. The ground ccoling ejector shutoff valve is actuated by
a V DC

4. When the landing gear handle is in the gear up position,
28V DC is directed to (open/close) the ground
cooling ejector shutoff valve.

10
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Answers to Frame 5. 1, ejector shutoff valve 2. down 3. 28, motor
4. close

Frame 6

After the air is partially cooled by the hea, exchanger it goes
to the pressure regulator and shutoff valve. The illustration below
shows the pressure regulator and shutoff valve. The arrows show the
bleed airflow through the heat exchanger and pressure regulator and
shutoff valve.

The equipment system pressure regul tor and shutoff valve is
similar to the cabin system pressure regulator and shutoff valve.
Remember, it served two purposes. The equipment system pressure
regulator and shutoff valve also serves two purposes.

The two purposes are just as the name implies, that is, to serve
as a control for stopping or starting the system, and for regulating
the pressure going through the equipment air conditioning system The
pressure is regulated at 106 psi.

SOLEN01-

28VDC

,:taV-1

PRESSURE REGULATOR
AND SHUTOFF VALVE

11111

AIR SYSTEM

Fill in the blanks to complete the following statements.

1. The unit that controls the pressure of the partially cooled
air is the and shutoff valve.

2. The unit used to shutoff the equipment air conditioning systemthe
11
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Answers to Frame 6: 1. pressure regulator 2. pressure regulator and
shutoff valve

Frame 7

The pressure recilator and shutoff valve, shown below, is a solenoid
controlled, air actuated valve.

This means electrical power is required to energize the solenoid
and air pressure is required to actuate (move) the valve open.

Referring back to the illustration in frame 6, note that air is
tapped off upstream of the butterfly and sent through the solenoid to
the valve actuator.

When the solenoie is energized, as shown, this air is sent to the
top of the actuator which forces the actuating piston down. This opens

the valve.

When the solenoi: deenergized, air is vented from the top of

the actuator which the spring close the valve. However, air

is also cant from .:void to the bottom of the actuator where it
aids the spring and insures positive closing of the valve.

When the valve opens, the downstream pressure builds up to 106
psi. This pressure is sensed by a pressure control device on the valve.
The press' e control device causes the valve to maintain a partially
open position, sufficient to maintain the 106 psi through the system.

The illustration in frame 6 also shows a basic electrical schematic
for solenoid operation. Notice that power goes directly from the circuit
breaker to the solenoid. There is no control switch for turning the
system on or off.

Under normal conditions, when electrical power is applied to the
aircraft, the pressure regulator and shutoff valve solenoid will be
energized. Then as the engines are started and bleed air is available,
the equipment air conditioning system will start operating automatically.

12
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If it is desired to shut this system off,

circuit breaker can be pulled. This will stop

going to the solenoid, causing the solenoid to
pressure regulator and shutoff valve.

Frame 7 (Continued)

%he equipment cooling
electrical current
deenergize, closing the

Fill in the blanks to complete the following statements.

1. The pressure regulator and shutoff valve is controlled by

a and actuated by

2. When the solenoid is deenergized, the valve is closed by

tension and

3. When the engines are operating, to turn off the equipment

air conditioning system, the
must be pulled.

4. Operation of the pressure regulator and shutoff valve,

requires and power.

5. The pressure regulator and shutoff valve will maintain a

constant pressure of psi.

13
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Answers to Frame 7: 1. solenoid air pressure 2. spring. air pressure

3. circuit breaker 4. air pressure 28V DC

5. 106

Frame 8

The sketch below shows the partially cooled air flowing to the
turbine inlet of the turbine assembly. The turbine assembly is the
second and final stage of cooling for this system.

The partially cooled bleed air is piped to the inlet of the turbine
assembly. This air s;bins the turbine, lets go of its heat energy, and
comes out of the turb3he outlet as very cold air. The operation of this
turbine assembly is tle same as .hose you have studied previously.

As the air goes in the turbine inlet, it passes through several
small nozzles which direct the air to the turbine wheel. This will
cause the turbine wheel to spin and will result in rapid expansion of
the air. When air is expanded, the temperature drops. This process
of cooling the air is known as rapid expansion.

Note in the sketch that the turbine and fan are connected by a
shaft. As the turbine wheel spins it also turns the fan. The fan
pulls ram air in through the ram air inlet, and over the heat exchanger
tubes.

The ram air passes through the fan and is discharged overboard.
In this process the fan is putting a workload the irbine. By
putting a workload on the turbine, the fan is taking energy from the
turbine. This lakes the heat energy from the air and converts it to
mechanical energy. By putting a workload on the turbine, the fan also
helps to keep the turbine from overspeeding.

14
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Frame 8 (Continued)

TURBINE

TURBINE
ASSEMBLY

PRESSURE REGULATOR
AND SHUTOFF VALVE

ij

1

Fill in the blanks to complete the following statements.

1. The partially cooled air contains energy in the form of
energy.

2. When the air drives the turbine and fan, the heat energy is

changed to energy.

FROM BLEED
AIR SYSTEM

3. The turbine assembly cools air by and

by changing energy to energy.

4. The fan pulls air over the heat exchanger tubes.

15
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EJECTOP
NOZZLE

Answers to Frame 8: 1. heat 2. mechanical 3. rapid expansion
heat mechanical

4. ram

Frame 9

flue sketch below shows a second ejector nozzle. Note how the air
from the fan is directed through this nozzle. The action of the fan and
this ejector nozzle increases the ram airflow across the heat exchanger.

The fan pulls ram air across the heat exchanger, and as this air
is discharged through the fan ejector nozzles, it causes a low pressure
area behind the nozzle assembly. The low pressure area then causes air
to be pulled in through the ram air inlet and across the heat exchanger.

r
Cc

TURISINE

.n

TURBINE
ASSEMBLY

Fill in the blanks to complete the following statements.

1. The fan and ejector nozzle help to pull
across the heat exchanger.

2. The airflow across the heat exchanger is increased when the
aircraft is on the grourd and in flight by the
and

16



Answers to Frame 0: 1. ram air 2. fan ejector nozzle

Frame 10

In the system that we have assembled so far, we can get only cold

air. From the previous systems that you have studied, you should
recall that temperature can be controlled by mixing the hot and cold
air together. Let us see how it is done in this system.

In the sketch shown, a turbine bypass valve has been added. The

purpose of this valve is to control the temperature of the conditioned
air going to the electronic equipment compartments. It does this by
either directing the partially cooled air in or by bypassing the turbine.

If the system calls for cold air, the valve starts to close,
directing more air to the turbine. Now the electronic compartments
get cold air.

If the system calls for hotter air, the bypass valve opens and
air bypasses the turbine. Now the electronic equipment compartments
ot warm air. The desired temperature is kept by mixing the cold air
from the turbine and the warm air from the turbine bypass valve.

TURBINE
BYPASS
VALVE

TO EOUIPm7,NT
COWARTMEIITS

17
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Frame 10 (Continued)

Fill in the blanks to complete the following statements.

1. The temperature of the air entering the equipment compartments
is controlled by the position of the

2. When the turbine bypass valve is fully closed, the air entering
the equipment compartments will be (cold/hot).

3. If the system calls for warmer air, the turbine bypass valve
will move toward the (open/closed) position.

18 20



Answers to Frame 10: 1. turbine bypass valve 2. cold 3. open.

Frame 11

The turbine bypass valve is shown below. This is a butterfly

type valve, actuated by a 28 volt DC motor.

A position indicator is found at the top of the actuator. The

position indicator shows the position of the butterfly and is marked
OPEN-CLOSED.

ELECTRICAL
CONNECTION

AIRFLOW

Remember, when the valve is OPEN, the system is getting maximum

hot air.

When the valve is closed, the system will receive maximum cold
air.

Control of this valve is fully automatic. There is no manual

control of till:: system as there is in the cabin system.

Fill in the blanks to complete the following statements.

1. The turbine bypass valve is actuated by a

2. When the turbine bypass valve is installed on the refrigeration
unit, the p,,sition of the butterfly can be determined by

observing the

3. Operation of the turbine bypass valve is completely

4. The desired temperature is maintained in the electronic
compartments by mixing and air.

5. Any time the equipment air conditioning system is on,
operation of the turbine bypass valve is fully

19
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Answers to Frame 11: 1. 28V DC motor 2. position indicator
3. automatic 4. hot cold 5. automatic

Frame 12

This frame is designed to check your understanding of the informa-
tion that has been given so far. You are to fill in the blanks to
correctly complete each of the following statements. Completing the
statements may require one or more words. Try to complete each statement
without looking back. Then check your answers at the back of the text.
If your answers are incorrect, then back up and reread the frame that
gave the information.

1. The first stage of cooling is the

2. As the bleed air flows through the heat exchanger, the heat is
transferred to the

3. The unit that helps to pull ram air across the heat exchanger
when the aircraft is on the ground is the

4. The ground cooling ejector shutoff valve is controlled by
the

5. The ground cooling ejector shutoff valve is actuated by a

6. The unit that controls system pressure at 106 psi is the
and

7. The pressure regulator and shutoff valve is
controlled and actuated.

8. The pressure regulator and shutoff valve is held closed by
and

9. The pressure regulator and shutoff valve will open when the
solenoid is

10. she second stage of cooling for the equipment system is the

11. The unit that directs bleed air either into or around the
turbine assembly is the

12. The turbine assembly is driven by

13. Temperature control is accomplished by mixing
and

14. During flight, the units that help to pull ram air across
the heat exchanger are the and

nozzles.

15. With the turbine bypass valve closed, if the system fails to
deliver cold air, either in flight or on the ground, a probable
defective unit would be the

20 22
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Answers to Frame 12: 1. heat exchanger 2. ram air 3. ground

cooling ejector assembly 4. landing gear handle

5. 28V DC motor 6. pressure regulator and

shutoff valve 7. solenoid air 8. spring tension

air pressure 9. energized 10. turbine assembly

11. turbine bypass valve 12. bleed air

13. hot and cold air 14. fan fan ejector

15. turbine assembly

Frame 13

Lit' any other system, there is always the chance of a malfunction

that woiid cause the air conditioning system to be inoperative. For

example, the pressure regulator and shutoff valve could fail to work
and stay closed, or the system could overheat due to the loss of the

turbine assembly or the bypass valve.

In any case, this would stop the flow of conditioned air to the

electronic compartments. However, it is important that some form of

cooling air be available to prevent complete failure of the electronic

equipment.

In case of failure of the air conditioning system, a ram air shutoff

valve is provided that will open automatically and allow ram air to flow

through the electronic equipment compartments. This is an emergency

way to get some cooling airflow.

The sketch on the opposite page shows the ram air shutoff valve and

a ram air check valve added to our system. The check valve will be

explained in a later frame.

The ram air shutoff valve will be open any time the pressure regulator

and shut::If valve is closed. Notice that when the ram air valve is

open, ram air can flow from the ram air inlet, through the ram air shutoff

valve and to the electronic compartments.

Control of the ram air valve is completely automatic. During

normal operation of the air conditioning system, the ram air valve will

be held closed by air pressure from the pressure regulator and shutoff

valve. If there is no bleed air in the system, or if the pressure
regulator and shutoff valve is deenergized, the ram air valve will be

opened by spring tension.

Fill in the blanks to complete the following statements.

1. In case of failure of the air conditioning system, the

electronic equipment will be cooled by

2. The unit that opens and allows ram air to enter the electronic

compartments is the

3. Any time the pressure regulator and shutoff valve is closed

the ram air valve will be

23
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Answers to Frame 13: 1. ram air 2. ram air shutoff valve 3. open

Frame 14

The ram air valve is shown below. It is made up of a pneumatic
actuator and a butterfly type valve. It is spring loaded open and
closed by air pressure.

We said in the previous frame that the ram air valve is controlled
automatically. We also said previously that the pressure regulator and
shutoff valve is controlled automatically.

The ram air valve is controlled by the pressure regulator and
shutoff valve. Now let's see how operation of the pressure regulator
and shutoff valve controls both of these valves automatically.

Look back at the sketch in frame 13 and note the air control line
going from the pressure regulator and shutoff valve to the ram air
valve actuator.

When the solenoid on the pressure regulator and shutoff valve is
energized, it allows air pressure to enter the top of the pressure
regulator and shutoff valv', opening this valve. At the same time,
this air pressure is directed by the small air control line to ram air
valve actuator. This pressure will overcome the spring tension, closing
the ram air shutoff valve. This is normal operation; the pressure
regulator and shutoff valve is open and the ram air valve is closed.
The system is receiving conditioned air.

24
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Frame 14 (Continued)

However, if a malfunction causes the pressure regulator and
shutoff valve to close, or if the equipment cooling circuit breaker
is pulled, no conditioned air will be available. Also since the
solenoid is deenergized, no air will enter the small control line to
the ram air valve, so the valve will be spring loaded open. When the
ram air valve opens, ventilating air flows into the electronic compart-
ments for cooling.

Notice that this sequence operation depended only on whether or not
the solneoid on the pressure regulator and shutoff valve was energized
or not. Also notice the absence of electrical connections to the ram
air valve. The ram air valve is strictly pneumatically closed and

spring loaded open.

This valve also has a position indicator to show when the valve is
open or closed. The position indicator is located on the end of the
actuator shaft, and is marked OPEN-CLOSED.

Fill in the blanks to complete the following statements.

1. The ram air shutoff valve is opened by

2. Opening and closing of the ram air shutoff valve is controlled

by the and

3. The ram air shutoff valve is held closed by

4. The position of the ram air shutoff valve can be determined
by observing the

25
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Answers to Frame 14: 1. spring tension 2. pressure regulator and

shutoff valve 3. air pressure
4. position indicator

Frame 15

The illustration below shows a portable ground air conditioning
unit being used i.e cool the electronic equipment compartments. The

portable air condition,Ag unit is used when the electronic equipment
as operated for ground cEecking.

You may be wonderig, why not use the electronic equipment air
conditioning system to cool the equipment? It could be used. But

remember, for the electronic eouipment air conditioning system to
operate, the engines must be operated to supply the air.

By using the ground cooling cart instead of operating the engines,

we will save the fuel required to operate the engines and also save the

maintenance cost of repairing the engines.

A ground cooling connection is
provided. This connection allows a
ground cooling cart to cool the elec-
tronic equipment compartment when
the engine(s) are not running.

FOUINMENT MICOND
COOLING IPICITACLI

(CAJIPMENT
COMING AI II HMI

Equipment Ground Cooling Connections

Fill in the blanks to complete the following statement.

1. The unit which is used to cool the equipment during ground
operation without running the engines is the

26 27
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Answers to Frame 15: 1. ground air conditioning unit

Frame 16

Now we come to the purpose of the check ,Talve that we identified

in frame 13. The check valve stops a loss of air when using the ground

air conditioning unit.

The sketch on the opposite page shows the flow of air from the
ground cooling receptacle. Note that if the check valve was not in the
system, this air would flow out through the ram air inlet.

Why doesn't the ram air valve stop the air flow? Remember, if

the pressure regulator and shutoff valve is closed, the ram air valve

is open. When the air from the ground air conditioning unit tries to
flow through the check valve it will close, preventing a loss of our

cooling air.

The ram air check valve is a dual flapper type, similar to those

wed in the bleed air system. Normal (ram) airflow opens the valve and

a reverse airflow closes the valve.

Fill in the blanks to complete the following statements.

1. When using the ground air conditioning unit, the unit that
prevents a loss of air through the ram air inlet is the

2. When using the ground air conditioning unit, the ram air

valve will be (open/closed).

29 29
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Answers to Frame 16: 1. check valve 2. open

Frame 17

Using the system diagram on pave 30, place the number in the blank
opposite the statement below that correctly natches the information given

in the statements.

Note: Several of the numbers will be used more than once.

1. Ram air shutoff valve.

2. Bleed air pressure regulator and shutoff valve.

3. Ground cooling ejector shutoff valve.

4. Ground cooling receptacle.

5. Ram air inlet.

6. Fan ejector nozzle.

7. Turbine bypass valve.

8. Heat exchanger.

9. Ram air outlet.

10. Turbine assembly.

11. Ram air check valve.

12. Allows bleed air to flow through the ground ejector nozzle
when the aircraft is on the ground.

13. Prevents a loss of cooling air wnen using a ground cooling

unit.

14. Connection for a ground cooling unit.

15. Regulates pressure at 106 psi.

16. Controls the flow of precooled air into or around the turbine.

17. Helps to pull ram air through the heat exchanger during
either flight or ground operation.

18. Opens to allow ram air to enter the system for emergency
cooling.

19. Cools the air by rapid expansion and converting heat energy
to mechanical energy.

20. Transfers heat from the bleed air to the ram air.
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Answers to Frame 17: 7 1. 9 2. 5 3. 11 4. 1 5.

3 6. 10 7. 2 8. 4 9. 6 10.

8 11. 5 12. 8 13. 11 14. 9 15.

10 16. 3 17. 7 18. 6 19. 2 20.

Frame 18

The previous frames have shown the path of airflow for the hot air,
cold air, a mixture of hot and cold air, and for ventilating (ram) air.
It has also been said that this system operates automatically. But, for

this system to operate automatically, it needs electrical power to
energize the pressure regulator and shutoff valve, to operate the motor
on the ground cooling ejector valve, and to operate and control the

turbine bypass valve.

The illustration on page 32 shows the electrical schematic for
the equipment air conditioning system. The electrical wItits include

the following:

Temperature Control Assembly.

Temperature Sensor.

Temperature Limiter.

Altitude Pressure Switch.

Temperature Limiter Switch.

Pilot's Reset Switches.

Landing Gear Auxiliary Relay.

Landing Gear Control Switch.

RADAR CNI COOL OFF Lights.

Find each of these units on the schematic. These are the controlling

units for this system. The warning lights serve to warn the pilot of

an overheat condition. The following frames will explain the function

of each of these components.

NO RESPONSE REQUIRED
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Frame 19

Remember, in the frame that explained the pressure regulator and
shutoff valve it was said that this valve automatically opens any time
electrical per and air pressure are applied to the aircraft. Also
remember that if the aircraft is on the ground, the ground cooling
ejector shutoff valve will be open.

The sketch shows the circui-. from the 28V DC equipment cooling
circuit breaker to the pressure regulator and shutoff valve and to the
ground cooling ejector shutoff valve.

Note in this sketch that current goes from the 28V DC equipment
cooling circuit breaker, through the temperature limiter switch (relay),
to the pressure regulator and shutoff valve.

The temperature limiter switch contacts are normally in the up
position as shown. Also note that current goes up through the landing
gear auxiliary relay contact to the ground cooling ejector shutoff
valve. The landing gear auxiliary relay is controlled by the switch
on the landing gear handle.

Current also goes from the 28V DC and 115V AC equipment cooling
circuit breakers to the temperature control assembly.

LA NDING
GEAR

28
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801.1P

COOLING

LANDING GEAR
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Frame 19 (Continued)

Fill in the blanks to complete the following statements.

1. When electrical power is applied to the aircraft, the pressure
regulator and shutoff valve solenoid will be
(energized/deenergized).

2. The pressure regulator and shutoff valve solenoid is energized

by (28V DC/115V AC).

3. When the landing gear handle is in the gear down position,
the landing gear auxiliary relay will be
(energized/deenergized).

4. When the landing gear handle is in the gear down position,
the ground cooling ejector shutoff valve will be
(open/closed).

5. The voltage required to operate the ground cooling ejector
shutoff valve is

35

3 4



Answers to Frame 19: 1. energized 2. 28V DC 3. energized

4. open 5. 28V DC

Frame 20

The illustrations below show the temperature control assembly
The temperature control assembly automatically controls the posi-
tion of the turbine bypass valve, thus maintaining the proper
temperature in the equipment compartments.

Remember, this system has no manual control. The temperature
control assembly will automatically maintain the temperature in the
equipment compartments at 85cF from sea level to 25,000 feet, and
at 46°F for altitudes above 25,000 feet. How and why there are two
temperature ranges will be explained later in the text.

Illustration A shows an external view of the temperature con-
trol assembly. This unit contains the magnetic amplifiers, tran-
sistors and a part of the bridge circuit that is used to control
the position of the turbine bypass valve.

Illustration B shows the temperature control assembly connec
ted electrically to the turbine bypass valve. Remember, the
temperature control assembly controls the bypass valve by inter-
preting the resistance signal to the bridge circuit and allowing
power to go to the hot or cold side of the valve.

36
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Frame 20 (Continued)

Fill in the blanks to complete the following statements.

1 The temperature control assembly automatically controls

temperature by controlling the

2. The electrical power requirements for operation of the

temperature control assembly are and

3. Temperature of the equipment compartments is controlled

3736



Answers to Frame 20: 1, turbine bypass valve 2. 28V DC &
115V AC 3. automatically

Frame 21

Before we go on, let's review some of the basic facts and
principles about temperature sensors.

Different types of materials offer different amounts of
resistance. Metals have low resistance whereas glass and rubber
have high resistance. In most conductors (copper, aluminum,
silver, iron, etc.) the resistance increases with an increase in
temperature. These materials are said to have a positive
temperature coefficient. The resistance of carbon and liquids
decreases with an increase in temperature. These materials are
said to have a negative temperature coefficient.

The temperature sensor is a specially designed resistor. Its

resistance changes any time the temperature of the air around it
changes. The manner in wnich the sensor changes resistance
depends on its "temperature coefficient." That is: if the
TEMPERATURE of the air across the sensor increases and the
RESISTANCE of the sensor also increases, the sensor has a
POSITIVE TEMPERATURE COEFFICIENT OF RESISTANCE. It follows then
that with a POSITIVE COEFFICIENT the resistance will decrease if
the temperature of the air decreases. The point is, they increase
together and decrease together. On the other hand, if the
TEMPERATURE increases and the sensor's RESTSTANCE decreases at the
same time, it has a Negative Coefficient. This also means the
sensor's resistance will increase as the temperature decreases.

Mark the following statements true or false on your response
sheet.

1. Heating a piece of copper wire will cause its resistance
to decrease.

2. Glass has very high resistance.

3. All materials increase in resistance when heated.

Complete the statements by using the word increases or
decreases.

POSITIVE COEFFICIENT NEGATIVE COEFFICIENT

1. If temperature increases, 3. If temperature increases,
the resistance the resistance

2. If temperature decreases, 4. If temperature decreases,
the resistance the resistance

38
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Answers to Frame 21: 1. F 2. T 3. F 1. increases
2. decreases
3. decreases
4. increases

Frame 22

Remember that the equipment temperature sensor forms part of

the bridge circuit. Its purpose is to sense the temperature of

the air going to the equipment compartment. This is done by

sending a signal to the controller in the form of a resistance

signal.

Here is how it is done. The sensor contains a resistance

element which changes resistance with changes in temperature.
This resistance element forms one leg of the bridge circuit in

the equipment temperature controller. This sensing element has a

negative coefficient of resistance. This means that as the air

temperature around the sensor goes up the resistance value of the

sensor goes down, and as the temperature around the sensor goes

down, the resistance value of the sensor goes up. When the input

signal (RESISTANCE SIGNAL) is received by the controller the
change in resistance in that leg of the bridge circuit will

unbalance the bridge. Based on this input signal (CHANGE IN
RESISTANCE) the controller directs electrical power out to the

turbine bypass valve. The electric motor will move the turbine

bypass valve to the required position and maintain the tempera-
ture desired in the equipment compartment.

The illustration below may help you remember the basic facts

about temperature sensors.

NEGATIVE COEFFICIENT SENSOR

TEMPERATURE

AROUND THE

SENSOR INCREASES

RESISTANCE OF
THE SENSOR
DECREASES

SYSTEM TEMPER-
ATURE WILL GO
COLD.

TEMPERATURE

AROUND THE

SENSOR DECREASES

RESISTANCE OF

THE SENSOR

INCREASES

SYSTEM TEMPER-

ATURE WILL GO

HOT.

NO RESPONSE
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Figure 23

Now that we have reviewed the basic principles and operation
of sensors, we can see what part the equipment temperature sensor
plays in maintaining the correct temperature in the equipment
compartment.

Since the temperature is controlled automatically, there must
be a means of sensing the temperature of the conditioned air going
to the equipment compartments. We use the equipment temperature
sensor to do this.

The equipment system temperature sensor is shown in illustra
tion A. Notice that this sensor looks the same as the cabin
system sensor, "ciowever, they are not interchangeable because the
equipment sensor has a different resistance value from the cabin
sensor.

A

The temperature sensor contains a temperature sensitive
resistance element. The sensing element has a negative coefficient
of resistance. In this respect it is the same as the cabin
system sensor.

The equipment system temperature sensor is located in the
conditioned air duct between the refrigeration unit and the equip
ment compartments.

Illustration B shows the circuit going to the temperature
control assembly. As the temperature changes, the resistance
changes. This causes a signal to be sent to the temperature
control assembly. This resistance signal will unbalance the
bridge circuit and the temperature controller will direct
electrical power to the turbine bypass valve.

TEMPERATURE

CONTROL
ASSEMILY

B
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Frame 23 (cont' d)

Fill in the blanks to complete the following statemcnts.

1. The temi.-:rature of the air going to the equipment compartments

is sensed by the

2. An increase in air temperature in the conditioned air duct
will cause the resistance of the temperature sensing element

to

3. A change in resistance of the temperature sensing element
will cause a signal to be sent to the
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Answers to Frame 23: 1. temperature sensor 2. decrease
3. temperature control assembly

Frame 24

Whea explaining the task of the temperature control assembly
it was said that it

oautomatically keeps 85 °F from sea level to
25,000 feet, and 40 F above 25,000 feet. At this point you may
be asking, why change the temperature, and how is the temperature
changed automatically?

The reason for changing the temperature is due to the moisture
in the air. Below 25,000 feet, there is more moisture in the air
than at the higher altitudes. It is necessary to keep the high
temperature to stop the moisture from condensing and causing
corrosion. Above 25,000 feet, there is very little moisture in
the air, so the lower temperature is used.

How can the temperature be changed automatically at a
specific altitude? This is the task of the altitude pressure
switch.

The altitude pressure switch is shown in sketch A. This unit
contains an aneroid and a microswitch. The aneroid senses
atmospheric pressure and controls the position of the switch
contacts.

Below 25,000 feet, where the atmospheric pressure is higher,
the aneroid will hold the switch in one position as shown in
sketch B. As the aircraft goes above 25,000 feet, the atmos-
pheric pressure decreases and allows the aneroid to move the
switch contacts to the opposite position as shown in sketch C.

When the switch changes the resistance value in the bridge
circuit, this causes the system to maintain the lower temperature
above 25,000 feet.

A

ABOVE 25,000 FEET

42

BELOW 25,000 FEET
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Frame 24 (Continued)

Fill in the blanks to complete the following statements:

1. As the aircraft goes above 25,000 feet, the resistance value
of the bridge circuit is changed by the

2. The altitude pressure switch contains an
and a

3. The altitude pressure switch senses

4. As the aircraft increasee altitude, the surrounding
atmospheric pressure (iicreases/
decreases).

5. The atmosphere above 25,000 feet contains
(more/less) moisture than at sea level.



Answers to Frame 24: 1. altitude pressure switch 2. aneroid
microswitch 3. atmospheric pressure
4. decreases 5. less

Frame 25

Under normal conditions, the temperature sensor senses the
temperature and sends signals to the temperature control assembly.
The tem erature control assembly then positions the bypar3 valve
to keep the proper temperature.

But what happens if the bypass valve should fail in the open
position or if the sensor had an open? The system would give only
hot air. In a very short time this would cause an overheat
crnditiou.

TEM LIMITER

A

{--TEMP LIMITEP
SWITCH

B

The temperature 14miter and the temperature limiter switch
work together to stop oamage to the system tcom an overhe:c.
condition. When the temperature in the conditioned ai, outlet
duct reaches 150°F, the two parts will cause the air conditioning
system to shut off and a warning light to come on. A schematic
of these two parts it shown in sketch A.

Sketch B shows the temperature limiter. This is a normally
open temperature sensing switch. This type of switch is called a
thermoswitch. When the temperature is below 152 the contacts
will be open. When the temperature . -seeds 150 °F, the contacts
will close.

Remeiber, this is not a sensor, it is a switch that is
actuated by heat.
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Frame 25 (cont'd)

Fill in the blanks to complete the following statements:

1. Damage due to an overheat condition is prevented by the
and the temperature

limiter switch.

2. The temperature limiter is a thereto

3. The equipment system temperature limiter is normally
(open;closed).

4. When the air in the conditioned air duct reaches an overheat
condition, the temperature limiter will
(open/close).
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Answers to Frame 25: 1. temperature limiter 2. switch
3. open 4. close

Frame 26

The sketch below shows the temperature limiter linked to the
coil of the temperature limiter switch. The temperature limiter
switch is a relay. In fact, it is two relays built in one. One
coil is wrapped the core, then a second coil is wrapped
over the first, n the opposite direction.

The bottom coil is called the latch coil, and the top coil is
called the reset coil. Current flow through the latch coil will
energize the relay to pull the contacts down. Current flow
through the reset coil will deenergize the relay to move the
contacts 22.

At the time of norma. operation, both coils are actually
deenergized, but the relay is made so that the contacts will stay
in the up position. When the temperature exceedt 150 °F, the
temperature limiter contacts will close, directing current flow
through the latch coil.

This pulls the contacts down. When the contacts move down,
it will stop the flow of conditioned air and turn on two warning
lights. The sketch shows the temperature limiter contacts closed,
and the latch coil energized.

111.1.41p

RESET
COIL

LATCH
COIL

TEMP LIMITER

SWITCH

TEMP LIMITER

Fill in the blanks to complete the following watements:

1. When an overheat condition occurs, the temperature limiter
switch will be energized by the coil.

2. Current flow to the latch coil of the temperature limiter
switch is controlled by the
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Answers to Frame 26: 1. latch 2. temperature limiter

Frame 27

The sketch below shows one of the warning light panels and

the RADAR CNI COOL OFF light.

The abbreviation CNI means communication navigation instruments.

This is the purpose of the electronic equipment that we are

cooling.

Warning Panel.

There are two RADAR CNI COOL OFF lights in this system One

warning light is on the pilot's panel (forward cockpit) and the
other is located on the radar pilot's panel (aft cockpit).

These lights will light any time there is an overheat condi
tion in the equipment iir conditioning system. The sketch below

shows the circuit for the warning lights.

In this sketch, the temperature limiter is closed, energizing

the latch coil. This turns on the warning lights.

0-4 ool -71"C
4E1SADAO CNI

CC/01 COI

vAC
141111111\___

47

46

: V

111/61, Wallet
SWITC14

SIM
Con

1A104
Cal



Frame 27 (Continued)

Fill in the blanks to c,mplete the following statements:

1. The purpose of the RADAR CNI COOL OFF lights is to warn the
pilot of an

2. The RADAR CNI COOL OFF lights are turned on when the
coil of the temperature limiter switcn is

48 47



Answers to Frame 27: 1. overheat condition 2. latch energized

Frame 28

After an overheat condition has occurred, the system will not
reset automatically. A reset button is used to restart the
system. The reset button completes a circuit to energize the reset

coil. This pulls the contacts up.

There are two reset buttons. One reset button is lucated in
the forward cockpit, and one in the aft cockpit. This enables

either pilot to reset the system.

This sketch shows the reset circuit. When either reset
button is pushed in, current will flow to the reset coil, energiz
ing the relay to the up position. The relay will stay in this

position until the system overheats again.

PILOTS RESET
SWITCH

RADAR PILOTS
RESET SWITCH

Fill in the blanks to complete the following statements:

1. To restart the system after an overheat condition, the pilot
must press the

2. Current is directed to the reset coil of the temperature
limiter switch by the

49
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Answers to Frame 28: 1. reset button 2. reset button

Frame 29

The sketch in this frame shows the temperature limiter,
temperature limiter switch, warning lights, and reset buttons.
Notice that when the temperature limiter switch contact moves
down, it completes the circuit to turn on the warning lights.

Also, notice that this opens the circuit going to the pressure
regulator and shutoff valve solenoid. This deenergizes the
solenoid causing the valve to close which stops the flow of
conditioned air.

*4
RADAR C NI
COOL OFF

14
RADAR CN I
COOL OFF

WARNING
LIGHT POWER

14 / 28
VAC

78 VDC

EQUIPMENT
COOLING

RE SET

SWITCH

PRE SSUPE

REGULATOR
AND SHUTOFF

VALVE

TEMP LIMITER
TEMP LIMITER

SWITCH

When the conditioned airflow stops, will the equipment
compartments receive any cooling air?....Yes, they will receive
ram air. Remember, any time the bleed air pressure regulator and
shutoff valve closes, the ram air valve opens.

Now let's summarize what happens when the system overheats
(temperature exceeds 150°F). First the temperature limiter
contacts close; this energizes the latch coil of the temperature
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Frame 29 (Continued)

limiter switch. This causes the relay contacts to move down,
turning on the warning lights and shutting the air conditioning
system off. When the system shuts off, the ram air valve opens.

After the temperature cools below 150°F, the system can be
reset by pressing either reset button.

Fill in the blanks to complete the following statements, or
circle the correct answer.

1. If an overheat condition occurs, the pressure regulator and
shutoff valve will be

2. When an overheat condition occurs, will the air conditioning
system be shut off? (yes/no).

3. If an overheat condition occurs, will the electronic equip-
ment receive any cooling air? (yes/no).

If your answer was yes, then where will the cooling air come
from?

4. What must the pilot do to restart the system after an overheat
condition has occurred and the system has cooled off?

5. When the temperature of the air going to the equipment
compartments overheats, how is the pilot informed?
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Answers to Frame 29 1. closed 2. Les 3. ym. through the

ram air valve 4. press the reset button

5. Ix the warning lights

Frame 30

Using the diagram on the opposite page, select the number for

the component that matches the statement listed below.

1. Automatically controls the position of the turbine

bypass valve.

2. Causes the temperature in the equipment compartments to

decrease to 40 F when the aircraft goes above 25,000

feet.

3. Warns the pilot of an overheat condition.

4. Has a negative coefficient of resistance.

5. Energized when the landing gear handle is in the gear

down position.

6. Closes when the temperature exceeds 150°F.

7. When energized by the temperature limiter, turns on the

warning lights and shuts off the air conditioning system.

8. Opens when the landing gear handle is in the gear down

position.

9. Directs part ally cooled bleed air either into or around

the turbine.

Answers to Frame 30: 2 1.

6 5.

3 9.

7 2.

9 6.
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OBJECTIVE

,..iso.ate 4 out of 5 controls on he illustration of the . ,perature
System Tester (AN/PSM-21) with their function.

INSTRUCTIONS

This programme tAc presents information 4ind procedures in small
steps called frames. Within each f--me, you will be directed to complete
sore i statements or answer questions. Read the material prevented, then
1fond on the response sheet. After you have made your response, compare
)our Driswers with the correct arwers given on the top of the next frame,
r as ucherwise noted. If your answer is incorrect, restudy the frame to

the information correct. If ne-Pssary, you may go back to check
u.nation previously given, but do not skip ahead.

Supersedes 3ABR42331-PT-204, 5 Nc, mber 1981.

OPR: 3370 TCHTG
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Frame 1

WMIe ,'ou do thlt- lesson, you will he using the AN /I'SM -2 I A air cond i-

tioning system tester to do an analysis of a fighter type aircrdit air
cordittonilg system. The AN/PSM-21A is made for use on the F4 type air-
cl'aft only. There are, however, several different air conditioning
system testers used in the Air Force. They are usually made fot use on
one specific type of aircraft. The use and operating procedure are about
the same on all of them. By learning to use the AN/PSM-21A tester, you
will have an understanding of system testers. By following the instruc-
tions that are given in the technical order, you should be able to use this
and other system testers.

Complete the following statements.

1. The air conditionins system tester used on the F4 type aircraft

is the AN/

2. Whon using an air conditioning system tester, you should alwws

follow the instructions given in the applicable
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A

CORRECT RESPONSES TO FRAME 1: 1. AN/PSM-21A 2. Technical Order.

Frame 2

Open the foldout at the back of this text. This foldout shows an
illustration of the AN /PSM -21A tester. This tester is used to do
a checkout, or to troubleshoot the temperature control systems on the F4
type aircraft. The tester will check the operation of the temperature
control units in either the cabin or equipment air conditioning system.
The tester can be used to check the complete temperature control system at
the aircraft. It can also be used in the shop to bench check and repair
each individual component.

Complete the follwing statements.

1. The AN/PSM-21A tester can be used to check the

..nd the system.

2. The AN/PSM-:.JA tester can be used to bench check the cabin

temperature

ccatrol assembly.

system,

or the equipment system



4

CORRECT RESPONSES TO FRAME 2: 1. cabin equipment 2. control panel
tem perature.

Frame 3

The cabin temperature control system units can he checked using the
tester at the aircraft. The purpose of each check is given for each unit.

1. Cabin Temperature Control Panel

This unit is checked for a signal output from the cabin magnetic
amplifier section to the cabin dual temperature mixing valve. The signal
output is based on signals applied to the bridge circuit by a rheostat which
is part of the tester. This rheostat simulaces the cabin temperature sensor.

2. Cabin Temperature Sensor

This unit is checked for proper resistance in relation to ambient
temperature.

3. Cabin Dual Temperature Mixing Valve

The tester checks the valve motor for operation and the valve for
full travel.

Complete the following statements.

1. Increasing or decreasing the resistance in one leg of the cabin

bridge circuit will cause a signal through the magnetic amplifier to be sent

to the cabin *

2. Changes in resistance in the bridge are simulated by a

on the tester.

3. The cabin temperature sensor is checked for proper

5
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a

CORRECT RESPONSES TO FRAME 3: 1. dual temperature mixing valve
2. rheostat 3. resistance.

Frame 4

The equipment air conditioning system units can be checked at the
aircraft using the tester checks for e3:-.1 of the following units. The
purpose of each check is given for each wiit.

1. Temperature Control Assembly

This unit is checked for proper signal output from the magnetic
amplifier to the turbine bypass valve (temperature control valve). The
tester rheostat simulates the equipment temperature sensor. When the
resistance in the bridge is changed with the rheostat, a signal is sent
through the temperature control assembly to the turbine bypass valve.

2. Temperature Sensor

This unit is checked for proper resistance in relation to
ambient temperature.

3. Turbine Bypass Valve

The tester checks the valve motor for operation and the valve
for full travel.

Complete the following statements.

1. The AN/PSM-21A checks the equipment temperature control assembly

for pr-Ter output.

2. When checking the equipment air conditioning system at the

aircraft with the AN/PSM-21A, the turbine broass valve is checked for

operation and full travel.

58
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CORRECT RESPONSES TO FRAME 4: 1. signal 2. motor.

Note: Before operating the tester you need to be familiar with the
controls that you will be using. Use the sketch shown in figure on
page 16 to complete Frames 5 through 13. Observe the name of the
item given at the beginning of each frame, then find the item in the
sketch. Next read the information given and complete the statements.
The answers to this group of frames are given on the page following
Frame 13.

Frame 5

AC AND DC AIRCRAFT POWER LIGHTS

1. One 113ht is marked VAC and one light is marked

VDC. These lights indicate when electrical power iL available

to the tester.

Frame 6

SELECTOR SWITCh S1

1. The two positions of this selector switch are marked

system and system. This switch is used to select the system

being tested.

Frame 7

SELECTOR SWITCH S2

1. The two positions of this selector switch are marked

and . This

switch is used to connect the sensor simulator to the system being tested.

7
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Frame 8

SELECTOR SWITCH S3

1. The two position, of this selector switch are marked

and . This switch is used to select

the altitude range when testing the equipment air conditioning system.

Frame 9

SENSOR SIMULATOR

1. This is a potentiometer (rheostat) that is used to simulate the temperature

sensor. With this potentiometer you can apply various resistance values to

the bridge circuit. The ranges of this potentiometer are marked

and

Frame 10

RESISTANCE MONITOR

The resistance monitor includes two push button switches marked SENSOR
and LIMITER and two connecting points for the AN/PSM-6 multimeter leads.
These are marked TP5 and TP6. (TP means test point.) When testing the system
you connect the multimeter leads to TP5 and TP6. Then by pressing the switch
marked SENSOR you can read the resistance of the SENSOR SIMULATOR.

Note: This does not check the resistance of the actual sensor. This
indicates hey much resistance is required to obtain a cold or hot
signal.

1. To obtain a cold signal you would h&ve to (increase /decrease)

resistance.

2. When checking the system, with the multimeter leads connected to test

points TP5 and TP6, the resistance indicated on the meter is the resistance

of the

8 60



Frame 11

AMI' LiclIV, (AmpIllier output lights)

1. There are four amplifier output lights. They are marked
, and . These lights indicate the signal

o- utput from the cabin temperature control panel or the equipment system tempera-
ture control assembly, depending on which system you are checking. These lights
will also indicate valve operation by indicating when the valve has reached
full travel. DS1 and DS2 are used when checking the cabin or equipment air
conditioning systems. The lights will pulse or burn steadily. This is actually
the signal received from the temperature control assembly. While the valve
is in travel, both lights will be on. When the valve reaches full travel one
light will stay on and the other will be out. When checking the system this
is how you can tell if the valve is running from full travel hot to full travel
cold.

Note: DS3 and DS4 are used when checking the suit system. This
system is no longer in use therefore you will not be using these
lights.

2. The signal output from the cabin magnetic amplifier and an indication

of full travel of the cabin dual temperature mixing valve will be indicated

by lights and

3. The signal output from the equipment temperature control assembly and

an indication of full travel of the equipment system bypass valve will be

indicated by lights and

9
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Frame 12

SENSOR TP1, TP2, TP3, TP4

T °st points TF3 and TP4 are used when testing the cabin temperature
sensor for correct resistance. When the AN/PSM-6 multimeter leads are
inserted in the test points, the resistance of the sensor is read on the
multimeter. When connected the tester isolates the sensor. This means
you can test the resistance of the sensor without turning off the system.
TP1 and TP2 are used when checking the resistance of the equipment system
temperature sensor.

1. With switch S1 in the CABIN SYSTEM position, and the multimeter leads

in test points TP 3 and TP4, you will be reading the resistance of the

sensor on the multimeter.

Note: Switch S1 has no EQUIPMENT SYSTEM position. So, you cannot
put your multimeter leads into TP3, TP4, TP5 or TP6 to check the
equipment system sensor. Therefore, S1 will remain in the cabin
system position when you use TP1 and TF2 to check the equipment
system sensor in the TP1 and TP2 check points.

Frame 13

SELECTOR SWITCH S6

Later in this text, when you are actually using the tester, the
technical order instruction charts refer to this switch as the EXTERNAL
METER switch. Although this switch is not marked with this nomenclature,
we will use this name when referring to ...his switch.

1. The three positions of this switch are marked
and . During normal checkout procedures of the
system, this switch will remain OFF. It is placed f_o the FLT LINE position
only when checking senscr resistance throue test points TP1, TP2, TP3 and
TP4. It is spring loeled away from the FLT LINE position. When checking
sensor resistance it must be held to the FLT LINE position. The switch
can only be held to this position for a maximum of 4 seconds. The BENCH
position is used when bench testing '..ne temperature control assemblies in
the shop. It is not necessary r- hold the switch to the BENCH position
as it is not spring loaded away from this position.

2. The external meter switch is used when checking resistance.

3. The external meter switch should not be held in the FLT LINE position

for more than



CORRECT RESPONSES TO FRAMES 5 through 13.

Frame 5. 1. 115 VAC 28 VDC.

Frame 6. 1. CABIN SYSTEM SUIT SYSTEM.

Frame 7. 1. CABIN TEMP SIMULATED SUIT TEMP SIMULATED.

Frame 8. 1. ABOVE 25,000 FT SIMULATED BELOW 25,000 FT SIMULATED.

Frame 9. 1. COLD HOT.

Frame 10. 1. decrease 2. sensor simulator.

Frame 11. 1. DS1, DS2, DS3, DS4.

2. DS1 and DS2.

3. DS1 and DS2.

Frame 12. 1. cabin temperature.

Frame 13. 1. BENCH, OFF, FLT LINE.

2. sensor.

3. 4 seconds.

11
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Frame 14

C,ecial cables are used to connect the tester to the temperature control
assemblies and to the aircraft wiring. The figure shows the cable us'.: when
testing the cab n temperature control system. The cable has three straight
AN connectors marked P1, P2, and Jl. The large connector (P1) connects to
the test set at the point marked AMPLIFIER CONTROL. Connector Jl connects
to the aircraft wiring connector. P2 connects to the cabin temperature
control panel.

AIR

CONDITIONING
SYSTEM
FUNCTIONAL
TEST SET
AN/SAL 21

DOOR PS

ALULNALETER
AN /PSM 6

IRCRAFT WIRING

TEMPERATURE
CONTROL PANEL

WI°
11

W2 INTERCONNECT CARLEr'ilk
MTGAMCONMTIONMG
SYSTEM FuNcTirL TEST SET-1145#

12109

Complete the following statements.

1. The cable connects to the tester, the aircraft wiring harness

and the temperature

12
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CORRECT RESPONSES TO FRAME 14; 1. control panel.

Frame 15

A separate cable is used when checking the equipment temperature
control system. This cable is shown in the figure. This cable has two
straight AN connectors (P1 and Jl) and one L shaped AN connector (P2).
The large connector (P1) connects to the test set at the point marked
AMPLIFIER CONTROL. The L shaped connector (P2) connects to the equipment
temperature control assembly. Connector Jl connects to the aircraft
wiring.

DOOR 6L

1111F1117ii!V

AIR CONDITIONING

41
SYSTEM TEST SET

, v

TEMPERATURE CONTROL
ASSEMBLY 42 -AR 01.

97)'.1 1.
(49

11

P1

MULTIMETER

P1

AIRCRAFT WIRING

LUG 42-P401

P2

WI INTERCONNECT
CABLE

TO 11 ON AIR
CONDITIONING
SYSTEM TEST SET

Complete the following statements.

12110

1. When testing either the cabin or equipment system, the AN

connec.tor marked P1 is connected to the tester at the point marked

11

2. The AN connector marked Jl of the test cable is connected to the

P2

3. The notable difference between the cable used for testing the cabin

system and the cable used for testing the equipment system is the L ahaped

connector on the system cable.

13
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Frame 16

Match the units listed in column "3" with the statements given in
column "A" by placing the letter from column "B" in the blanks provided.

COLUMN A

1. Indicates how much resistance is
required to obtain a cold or hot
signal from the temperature
control panel.

2. Rheostat used to simulate the

temperature sensor.

3. Used when testing the equipment
temperature sensor for correct
resistance readings.

4. Indicates when 115V AC power is

available.

5. Used to select the system b ing
tested. Cabin or Suit System.

6. Used only when checking sensor
resistance through Test Points
TP1, TP2, TP3, and TP4.

7. Used to connect the sensor
simulator to the system being
tested.

8. Indicates 28V DC power is

available.

9. Used to select the altitude
range when testing the Equipment
Air Conditioning System.

10. Indicates the signal output from
the Cabin or Equipment Temperature
Control Assemblies.

11. Test points used when testing the
systems and using the resistance
monitor.

12. Used when testing the cabin
temperature sensor for correct
resistance readings.

14

COLUMN B

A. AC Light

B. Selector Switch S3

C. Amp Output Lights

D. TP5 and TP6

E. Resistance Monitor

F. Selector Switch S6

G. Selector Switch S2

H. DC Light

I. Sensor TP1 and TP2

J. Sensor Simulator

K. Selector Switch S1

L. Sensor TP3 and TP4
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CORRECT RESPONSES TO FRAME 15: 1. amplifier control 2. aircraft wiring

3. equipment

CORRECT RESPONSES TO FRAME 16: 1. E; 2. J; 3. I; 4. A;

5. K; 6. F; 7. G; 8. H;

9. B; 10. C; 11. D; 12. L

15
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-SENSOR S!t: ,TOR
COLD 1 TP5 TP60 0

LIMITER SIMULATOR -
COLD HOT

SENSOR LIMITER
L-- RESISTANCE MONITOR --.1

TP7 TP8 GND TP9 TP100 0 0 43.
OSCILLOSCOPE

115 ,,C 28 VD; Si
AIRCRAFT POWER

CABIN CABIN TEMP. ABOVE 25,000
SYSTEM SIMULATED SIMULATED

S2 S3

AMPLIFIER
CONTROL

SUIT
SYS EM

SUIT TEMP.
SIMULATED

AMP. OUTPUT

DS2

e
.DS3._DS4._ORD INM OEN OIND

BELOW 25,000 FT
SIMULATED

t.A TP1

TtIP
E TP2

SO
N TP3

BENCH?0
TP4

OFF

FLT. LINE
S6

am ow ow am a ato IOW

R2112
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Environmental Pneudraulic Branch
Chanute AFB- Illinois

TEMPERATURE CONTROL SYSTEM TESTER

OBJECTIVE

C3ABR42331 -WB -205

Using a temperature control tester and multimeter, perform an
operational check and troubleshoot the cabin and equipment conditioning
systems trainer, correctly locating 3 out of 4 of the assigned troubles.

EQUIPMENT

Tester AN/PSM-21A, Temperature
Control System

trainer 3305, Fighter Air
Conditioning System

Multimeter

INFORMATION

Performing an operational analysis (checkout) of the system
requires that you use a CHECKOUT PROCEDURE CHART. There is a chart
for the cabin system and one for the equipment system. The laboratory
instructor will assign you the proper chart at the work station.
Look at how the charts are arranged and learn how to follow the
instructions. Below is a typical chart for the cabin system.

PROCEDURE NORMAL INDICATION REMEDY FOR
ABNORMAL INDICATION

3. TEMPERATURE CONTROL PANEL FOOT HEAT CHECK

a. Place switch S1 to
CABIN SYSTEM position.

b. Place sw:tch S2 to
CABIN TEMP SIMULATED
position.

c. Place switch S3 to
BELOW 25,000 FT SIMULATED
position.

d. Set the SENSOR
SIMULATOR to HOT.

Supersedes C3ABR42331 -WB -205, 24 January 1984.
OPR: 3370 TCHTC
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 500; DAV - 1

2
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e. Set the FOOT HEAT/ AMP OUTPUT lamp DS1

DEFOC lever to the FOOT comes ON and DS2 lamp

HEAT position. goes OUT.

The cabin dual temp-

erature mixing valve
pointer moves to the
OPEN position.

Replace the tempera-
ture control panel.

Replace the cabin

dual temperature
mixing valve.

The chart is divided into three sections; PROCEDURE, NORMAL INDI-

CATION, and REMEDY FOR ABNORMAL INDICATION. To use the chart start

at the top and read from left to right. Place the appropriate switches

in the positions designated and observe for normal indications. Ex-

ample: start by placing switches S1 to CABIN SYSTEM position and S2

to the CABIN TEMP SIMULATED position. Switch S3 is moved to the

BELLOW 25,000 FT SIMULATED position. Then set the SENSOR SIMULATOR

to HOT and the FOOT HEAT/DEFOG to the FOOT HEAT position. The nmmal
indication should be, AMP OUTPUT lamp DS1 comes on and DS2 lamp goes

OUT. The cabin dual temperature mixing valve pointer moves to the

OPEN POSITION. Column three states a remedy for any abnormal indi-

cation. This procedure is followed throughout the complete Checkout.-

Complete the following statements.

1. When performing the steps of the sample checkout, switch S1

should be moved to the position; switch S2 to

the position, and switch S3 to the

position.

2. Men performing the temperature control panel foot heat

check the FOOT HEAT /DEFOG lever should be placed in the

position.

3. Column three shows a for any

PROCEDURE

Remove your jewelry and report to the laboratory instructor.
The instructor will provide the necessary test equi.pment and assign

you to a trainer. Yc,u will be directed to perform an analysis of

either a CABIN SYSTEM or an EQUIPMENT SYSTEM.

If you are assigned to teat the CABIN SYSTEM use the checkout
procedure chart given in SECTION I, Page 2, The checkout procedure
chart given in SECTION II, Page 8 is used to test the :QUIPMENT SYSTEM.

3
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When using the SENSOR SIMULATOR to obtain specific resistance
values, MOVE IT VERY SLOWLY. This unit is very sensitive; a small
movement will cause a large change in resistance.

CORRECT RESPONSES TO STATEMENTS: 1. CABIN SYSTEM

CABIN TEMP SIMULATED

BELOW 23,000 FT SIMULATED

2. FOOTHEAT.

3. REMEDY, ABNORMAL INDICATION

74
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PROCEDURE

SECTION I

Cabin System

NORMAL INDICATION

. PREPARATION

a. Connect the test cab
les to the AN connector (P1
and Jl) of the temperature
control panel and the con-
nector panel, then connect
the large end to the tester.

b. Connect the multi-
meter to test set TP5 and
TP6 jacks.

c. Set the FOOT HEAT/
DEFOG lever to the DEFOG
position.

d. Set the temperature
control panel AUTO/MANUAL
switch to the OFF position.

e. Apply external
electrical power to the
trainer.

f. Sensor simulator
"MID-POSITION."

I

4

REMEDY FOR
ABNORMAL INDICATION

I

Note: Lights which glow dimly or flicker faintly when specified as
OUT, do not indicate a malfunction.

. TEMPERATURE CONTROL PANEL DEFOG CHECK

a. Set and hold the
temperature control panel
AUTO/MANUAL switch to the
HOT position.

a. Test set DS2 light
comes ON and DS1 light re-
mains OUT.

Cabin dual temperature
mixing valve pointer
moves to the CLOSE
position.
(Look at indicator on
valve.)

a. Replace the tem-
perature control
panel.

Replace the cabin
dual temperature
mixing vi've.



b. Set and hold the
AUTO/MANUAL switch to the
COLD position.

c. Set the AUTO/MAN-
ual switch to the AUTO
position and the tempera-
ture control selector to
the HOT position.

d. Set the test switches
and controls as follows:

S1 CABIN SYSTEM
S2 CABIN TEMP SIMULATED
S3 ABOVE 25,000 FT
SIMULATED

e. Press the test set
RESISTANCE MONITOR SENSOR
switch and adjust the SEN-
SOR SIMULATOR until the
multimeter reads 240 ohms.

f. Increrse the SEN-
SCR SIMULATOR until DS2
light starts to PULSE.

g. Increase the SEN-
SOR SIMULATOR until DS2
light comes )N STEADY.

h. Press the RESIS-
TANCE MONITOR SENSOR switch
and decrease the SENSOR
SIMULATOR until the multi -
meter reads 300 ohms.

i. Decrease the SEN-
SOR SIMULATOR until the DS1
light starts to PULSE.

b. Test set DS2 light
goes OUT and DS1 light
comes ON.

Cabin dual temperature
mixing valve pointer moves
to the OPEN position.

d. Test set DS1 light

goes OUT and DS2 light comes
ON.

Cabin dual temperature
mixing valve pointer moves
to the CLOSED position.

e. DS2 light remains
OUT and DS1 light remains
OUT or PULSING.

f. Multimeter reads
255 to 310 ohms.

g. Cabin dual npera-
tura mixing valve iter

moves to the CLOSED
position.

h. DS1 light remains
OUT and DS2 light remains
OUT or PULSING.

i. Multimeter reads
235 to 295 ohms.

6
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b. Replace the

temperature control
panel.

Replace the cabin
dual temperature
mixing valve.

d. Replace the
temperature control
panel.

Replace the cabin
dual temperature mix-
ing valve.

e. Replace the

temperature control
panel.

f. Replace the

temperature control
panel.

g. Replace tbe
cabin dual temperature

mixing valve.

h. Replace the
temperature control

panel.

i. Replace the
temperature control

panel.



4

3. CABIN TEMPERATURE SENSOR CHECK

a. Connect the multimete
to the test -et TP3 and TP4
jacks.

b. Set S1 switch to the
CABIN SYSTEM position.

c. Set S2 switch to the
CABIN TEMP SIMULATED position

d. Set S6 switch to the
FLT LINE position for NO MORE
THAN 4 seconds, observe the
multimeter and record the
resistance.

e. Plot resistance

versus ambient temperature
using figure 1.

e. Resistance shall
fall within the shaded
area.

e. Replace the cab
temperature sensor.

Complete the following statements.

1. If you received an infinity reading on the multimeter during

this check it would indicate (A SHORT or AN OPEN)
the sensor cr the sensor circuit.

2. With switch S1 in the CABIN SYSTEM position, switch S2 in the
CABIN TEMP SIMULATED position, and the EXTERNAL switch (S6) DEPRESSED,

the multimeter reads "0". This indicates (A SPORT or AN
OPEN) in the cabin sensor.

ANSWERS TO PROCEDURE 3: Have your instructor verify your answers.

1. an open 2. a short

At this time turn to the trouble list at the back of this book.
Accomplish the four troubles under the "CABIN SYSTEM!' section. The
instructor may assist you on one of these problems.

After you have completed this trouble list you have completed this
lesson. If you had difficulty performing any of the steps, ask your
instructor for assistance. If not, turn to page #9 and complete the
FQUIPMENT SYSTEM lesson.

7
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SECTION II

Eguipple.-,System,

PROCEDURE NORMAL INDICATION
REMEDY FOR

ABNORMAL INDICATION

1. PREPARATION

a. Disconne-t con-
nector 42P401 from tempera-

ture control assembly 42AR401.

b. Connect the test set
cables to the AN connector
(P1 and Jl) of the tempera-
ture control panel and
connector to the panel
then connect the large
end to the tester.

c. Connect _he multi-
meter to TP5 and TP6 of the
test set.

d. Set the test set
switches and controls as
follows:

SENSOR SIMULATOR
Mid-position

LIMITER SIMULATOR
Mid-poi .tion

S1 CABIN SYSTEM
S2 CABIN TEMP SIMULATED
S3 BELLOW 25,000 FT
SIMULATED

S6 OFF

e. Apply external
electrical power to the
trainer.

8
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Note: Dimly lighted or flickering lights are considered OUT.

2. CHECKOUT

a. Momentarily press
the RESISTANCE MONITOR SEN-
SOR switch and adjust the
SENSOR SIMULATOR for a
multimeter indication of
2150 ohms.

b. Decrease the SEN-
SOR SIMULATOR until DS1 light
light starts to PULSE.
Press the RESISTANCE MONI-
TOR SENSOR switch.

c. Increase the SEN-
SOR SIMULATOR until DS1 and
DS2 lights stop PULSING,
then increase further util
DS2 light just starts -o

PULSE. Press the RESIII-

TANCE MONITOR SENSOR switch.

d. Decrease the SEN-
SOR SIMULATOR until DS1
light just illuminates
STEADY. Press the RESIS-
TANCE MONITOR SENSOR
sviteh.

e. Increase the SEN-
SOR SIMULATOR until DS2
light just illuminates
STEADY. Press the RESIS-
TANCE MONITOR SENSOR
switch.

f. Position S3 switch
to the ABOVE 25,000 FT
SIMULATED position.

g. Momentarily press
the RESISTANCE MONITOR

SENSOR switch and adjust
the SENSOR SIMULATOR for a
multimeter indication of 5700
ohms.

a. If lights DS1 and
and DS2 pulse, disregard
the indication.

b. Multimeter indi-
cates 1765 to 2245 ohms.

DS2 light is OUT.

c. Multimeter indi-
cates 1850 to 2370 ohms.

DS1 light is OUT.

d. Multimeter indi-
cates 430 to 805 ohms.

Turbine bypass
valve position pointer
indicates the-valve is
closed.

e. Multimeter indi-
cates 3888 to 6448 ohms.

Turbine bypass valve
position pointer indicater
tlie valve is OPEN.

f. Turbine bypass
valve position pointer
indicates the valve is
OPEN.

If DS1 and DS2 lights
PULSE, disregard
indicaticn.

9
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b. Replace tem-
peratu,- ontrol assembly

Replace the tem-
perature control assembly

c. Replace the tem-
perature control assembly

Replace the tem-
perature control assembly

d. Replace the tem-
perature control assembly

Replace the tem-
perature control assembly

e. Replace the tem-
perature control assembly

Replace the tem-
perature control assembly

t. Replace the tem-
perature control assembly



h. Adjust the SEN-
SOR SIMULATOR until DS1
and DS2 lights are OUT.
Press the RESISTANCE
MONITOR SENSOR switch.

i. Increase the SEN-
SOR SIMULATOR until DS2
light just starts to PULSE.

Press the RESISTANCE MONI-
TOR SENSOR switch.

j. Decrease the SEN-
SOR SIMULATOR until DS1
light just starts to PULSE.
Press the RESISTANCE MONITOR
SENSOR switch.

h. Multimeter indi-
cates 5110 to 6420 ohms.

Turbine bypass valve
position pointer indi-
cates valve is OPEN.

i. Multimeter indi-
cates 5200 to 6420 ohms.

j. Multimeter indi-
cates 5150 to 6335 ohms.

h. Replace the
temperatula control
assembly.

Replace the tem-
perature control
assembly.

i. Replace the
temperature control
assembly.

j. Replace the
temperature control
assembly.

3. SENSOR RESISTANCE CHECK

a. Connect the multi-
meter leads to TP1 and TP2
jacks of the test set.

b. Place the SEN-
SOR SIMULATING selector

switch, located on the
front of the trainer, to
the NORMAL position.

c. Perform a resis-
tance check of the equip-

system temperature
censor.

N ';e: The external meter switch is the switch marked S6 (BENCH, OFF,
FLT LINE). Depress means to hold it to the FLT LINE position. Do
not hold it in this position longer than 4 seconds.

Complete the following statements.

1. The resistance reading for the SENSOR is ohms.

2. Use figure 1 to compare your readings to the value given on
the chart with the present ambient temperature. Ask your instructor
for the ambient temperature. Is the SENSOR resistance value within

the tolerance given in the chart?

10

(YES/NO)
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3. If you receive an infinity reading on the multimeter

during this check it indicates (A SHORT or AN OPEN) in
the SENSOR or sensor circuit.

4. During this check, if the multimeter reads 0 ohms it indicates

(A SHORT or AN OPEN) in the sensor or sensor circuit.

ANSWERS TO PROCEDURE 3: Have your instructor verify your answers to
statements 1 and 2.

3. ai open 4. a short

At this time turn to the trouble list at the back of the book.
Accomplish the four troubles under the "EQUIPMENT SYSTEM" section.
The instructor may assist you on one of these problems.

After you have completed the trouble list you have completed this
lesson. If you had diificulty performing any of the steps, ask your
instructor for assistance. If not, report to the instructor.
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AIR CONDITIONING SYSTEM
TEST SET AN /PSM -21A

R2112

Foldout 1. AN/PSM-21 Air Conditioning Tester for the F-4C, D, and E.
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Envi.onmental/Pneudraulics Branch
Chanute AFB, Illinois

TESTER FAMILIARIZATION AND OPERATION

OBJECTIVE

SERVICE TEST
C3ABR42331-SG-205

26 April 1984

Relate 4 out of 5 controls of the temperature control system tester
with their function.

INFORATION

The ECS fault isolation test set (tester) is a portable to ter
intended to monitor pressure, temperature, and el.iltrical signals from
the environmental control system (ECS). The tester is capable of providing
signals to the ECS while monitoring other resiJonses. The tester provides
the capability to isolate malfunctions in the ECS to a defective line
replaceable unit (LKU).

The tester electricall connects to the aircrtct ECS test connector
located near the ground air-conditioning receptacle on the left-hand side
of the aircraft. Pneumatic hoses and an intercc.nnecting electric cable
with a temperature sensor are provided with the tester to interconnect
the tester with test points on the ECS ducting.

Tester Familiarization

This section will consist of ident.fying the differet.t parts of the
tester and what they do.

We will begin with the power switch.

On/Off Power Switch

This switch located in the upper lc t corner of the tester is used
for turning power on off of the testi:. The tester zeceivec power
directly from the aiLc,:aft. This switch also serves as a circuit breaker
(CB). A power light is located directly above the switch.

Signal Input

The signal input is located directly under on/off switch and is
used to connect the main power cord to the tester. This main power cord
gives complete tester interface for all operational checks and trouble-
shooting procedures.

OPR: 3310 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 350; DAV - 1

Designed for ATC Cotrse Use. Do Not Use on the Job.

1
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Auxiliary Temperature Probe - The auxiliary temperature probe is
located directly under the signal input connector and is used tc connect
an external temperature probe. The temperature probe can be used to
measure arbient (outside) temperatures or it can be installed in the
aircraft to measure duct temperatures.

Digital Display - The digital display consists of four displays
which give different readings for different functions. The top three

displays consist of temperature; pressure and multimeter. The bottom

display will tell the user how the multimeter is set. All readouts are

Light Emitting Diode (LED). The displays are determined by the function
knob settings.

Function Knobs - (Center Row of Knobs) There are seven function

'-nobs used for various functions, operational checks and troubleshooting.

Each knob --A its function will be explained in the following
paragraphs. We will start with the top knob.

Temperature - This function knob '_as five positions.

Cal - This position is used in conjunctic with the calibration
of the tester. It is calibrated at 32°F.

Cabin - When in this position the thermocouple in the cabin
supply air manifold senses the temperature going into the cockpit.
(T.P. 33)

Avionics Thermocouple in the avionics supply air manifold
senses temperature of air going into the avionics. (T.P. 34)

Manifola Thermocouple in hot air manifold senses temperature
of air in the manifold duct. (T.P. 26)

Aux - This position is used in conjuL_tion with the aux
temperature probe.

All temperature readouts will be found in the digital display space
labeled "Temp °F".

Pressure - The pressure krob has four positions and can be found

directly under the temperature knob.

The four positions of the pressure knob correspond to the pressure
select handles and test ports located on the right side of the tester.

The first position of the r-essure knob is 15 inches H20. This test

position is used to measure ai pressure in inches of water.

15 psig - This position is used when measuring a pressur' up to but

not more than 15 psig. Used in conjunction with the 0-15 psig select
handle and the four 0-15 psig innut ports located to the right of the

0-15 psig select hand's. These input ports are used In conjunction with

sele:t handles. (Exi. Tle: 3-15 psig 3elect handle position #1, use

0-15 psig input port 111

2 84



60 psig - This position is used when measuring pressure of 0 to 60 psig.

111 300 psig - Used when measuring a pressure of 0-300 psig.

The select handle and input ports for the 60 psig and 300 psig are
used just like the 15 psig position.

All pressure reading will be found in the oigital display readout
labele' "Pressure."

Multimeter - The multimeter function knob has 5 positions.

Int - If the internal ,,osition is used, then the next four function
switches are used to check out the ECS system. This position will allow
all voltagr readings to be taken from the system.

This tester incorporates a built in multimeter located on the bottom
left side of the tester. When using this multimeter, use the last four
positions of the multimeter function knob listed below.

DC Volts - Almost all of the system is DC voltage. Use this position
ien checking for DC voltage.

Ohm - This position is used when checking resistances.

AC Volts - This position allows AC voltage readings to be taken.

DC MA - Used to check for DC milliampere readings.

The last (bottom) four function switches are used wien troubleshooting
and operationally checking the GCS system.

Located in the bottom of the tester is a storage compartment.
Contained in the storage compartment is the necessary miscellaneous
equipment listed below.

Multimeter leads - Ten foot set of leads used to check voltage
readings and resistance readings with the built in multimeter. Use test
points labeled Hi (Red) Lo (Black) for the multimeter. The nthc_ test
pof is located under the access panel allow you to take reauings from
the pins of the main power cord. Jumper wires are also used to junk
from one pin to another.

Hoses - 13 hoses located in the storage compartment are used
to connect the tester to the aircraft. Used when checking pressure
readings.

Cables (electrical) - Also fourl in the storage compartment is the
electrical cable to connect the tester to the aircraft for power and the
temperature probe and cable to connect the prol)e to the tester.

Unions - Used to connect the hoses to the aircraft test points.
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OBJECTIVE

Relate the name of each cabin air conditioning system component
to its operation with a minimum of 80% accuracy.

INSTRUCTIONS

This programmed text presents information in small steps called
"frames." After eath step you are asked to select the correct
statement, match a statement, or respond in some other way to the
information presented. Read the material presented and make your
response as directed by the instrucLicns. Compare your response with
answers found on the next page or pages. If you are wrong, read the
frame again, and then write the correct response next to your previous
answer.

Supersedes 3ABR42331-PT-206A,16 September 1980.
OPR: 3370 TCHTG
DISTRIBUTION:

3370 TCHTO/TiCU-P -1000; DAV - 1
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Frame 1

Shown below is a schematic of the Bomber Air Conditioning System.
This programmed text will go through the nomenclature (name) and
p'irpose of each component- part of the system beginning with the Air

Conditioning System Shutoff Valve. Look over the schematic to find
the source of bleed air and to get an idea where each part is located.
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Refer to the schematic above and place the lette in the blank
space before each of the following statements that are rue.

1. The normal source of bleed air 19 Strut No. 2

2. The alternate (emergency) source of bleed air is Strut No. 3.

3. The Air Conditioning System Shutoff Valve is used to open and
close the bleed air supply _line acing to the air conditioning
system.

3
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Answers to Frame 1: 1. 1 2. T 3. T

Frame 2

The first valve that is in Cie Bomber Air Conditioning System is the Air
Conditioning Shutoff Valve. The shutoff valve is a butterfly type valve that
is driven by a single-phase 118-volt AC motor. This valve has two purposas.
The first is, the valve opens to let engine bleed air to enter the air con-
ditioning system for normal operation. The second is, the vall., will close to

shut off airflov. to the air conditioning system when the system i...; not in use

or in case of an emergency. The shutoff valve is cJntrolled by tne Cabin
Pressure Master Switch which, in the off or Ram position, energizes the "close"
winding. When in the 7.45 psi or the Combat 4.50 psi position, the open
winding is energized.

ENGINE AIR BLEED
CROSSOVER MANIFOLD

BONDING JUMPER

BONDING JUMPER

CLAMP

METAL.FOIL
INSULATION

ELECTRICAL
CONNECTOR

Fill in the blanks to romplete the following statements:

1. The first valve in the Bomber Air Conditioning system is
the

valve.

2. The Air Conditioning Shutoff valve
to allow bleed air to flow into the

system.

3. The air conditioning shut.lf valve
to s:op bleed air flow into the Air Conditioning System.
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Answers - Frame 2: 1. air conditioning shutoff
2. opens, cabin air conditioning 3. closes

Frame 3

The Air Conditioning System Filter is shown below. It is the next ',nit

in the sequence of airflow. The filter is installed to remove contamination

in the air supply. The filter consists of a pressure shell (4), _an and
chamber (12), and replaceable filter elements 0). The filter elements are

oftwo_types; particulate j), which screens out solid particles, and catalytic
(8), which changes any obnoxious gases and vapors into harmless products.
The particulate filters are form.' of layers of fiberglas batting (sheets).
The catalytic filters consists of a patented granular substance (Hop'alite)
held in position between the screens -,nd fiberglas. The active catalytic
material is a mixture of copper and manganese oxides which causeG a reaction
between any contaminates and the oxygen in the 411 supply, oxidizing tnem to
harmless water or carbon dioxide. There are two particulate filters, one on
each side of the filter unit, andlthese can be replaced without changing the
inner catalytic fil.zer element.

0 END CHAALIER

O FILTER CARTRIDGE
AMPLE PLATE

0 METAL Mk
INSULATION

PARTICAATE FILTER
MEROLLA LATT

PRESSURE

DIEU.

OUTLET DUCT

SUPPORT

SwroiT

INLET DUCT

FILTER

CARTRIDGE

IMOPCAUTE)
CATALYTIC

AIR SPACE

FIBERGLAS
BATT (TYPICAL)

IHOCAUTEI CATALYTIC

Ansuer the statements as either True or False.

CATALYTIC FILTER

PARTICULATE FILTER

FIBERGLAS RETAINER

I. Any obnoxious gases and vapors such as fules and oil fumes
are turned into harmless products by the catalytic element.

2. Two catalytic elements and one particulate element are
installed in the er.

3. The overall purpose of the catalytic filter is to remove
contaminat!on of any sort from the air supply.

5
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Answers to Frame 3: 1. T 2. F 3. T

Frame 4

(The pack Pressure Limiter (5), is shown in the picture below. It is
located on the forward lower section of the air conditioning pack. This
valve maintains an even airflow through the system under varying inlet
pressures and outlet flow demands. The main components of the limiter are
a Venturi section (la), a diaphragm operated control head (2a), and a
pneumatically actuated Butterfly Valve (3a), which controls rate of air-
flow through the system. The limiter maintains a constant differential
across the venturi by opening or closing the butterfly, thereby regulating
system airflow to approximately 140 pounds per minute.

Go back to p2ge 3 of this text and look at your air conditioning
schematic. You will notice that airflow from the pack pressure limiter
flow in two directions. Airflow from one i-Lrection flows to the heat
exchanger. Air flow from the other direction flows to the air conditioning
modulating valve) First, we will discuss airflow to the heat exchanger.

3

BUTTERFLY VALVE

to

VENTURI 2a

PRESSURE limiTER
(;) ANTI ICING1A.ASS FLOW
k.f../ VALVECONTROL VALVE)

HEAT
EXCHANGER

TURBINE
_II FAN

AIR
OUTLET

COOLED

3
OUTLET

HOT AIR
OUTLET
DUCT

I -12

TURBINE

0 BYPASS
DUC ,c,TURBINE

INLET
DUCT

PRESSURE
LIMITER

HOT AIR
INLET DUCT

Circle the number of the statement that best describes the purlose
of the pack pressure limiter.

1. The pack pressure limiter maintains the rated airflow capacity
of the air conditioning system at approximately 140 lbs per
minute.

The pack pressure limiter maintains a constant flow of ram
air into the air conditioning system.
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Answer to 7-sme 4: 1

Frame 5

Write the letter of the component found in column B in ..he appropriate
space provided to the left of the purpose in column A.

Coluart A Column B

1. Regulates the system airflow to a. Air Conditioning System
approximately 140 pounds per Shutoff Valve
rodrute.

b. Particulate Element
2. Used to open and close the air

supply line going to the air c. Catalytic Element
conditioning system.

d. Pack Pressure _imiter
3. Changes any obnoxious gases and

vapors into harmless products. e. Strut No. 3

4. Removes solid particles from f. Strut No. 1
the air.

g. Strut No. 2
5. Normal source of bleed air.

6. Emergency source of bleed air.

7
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Answers to Frame 5: 1. d 2. a c 4. b 5. g 6. e

Frame 6

A heat exchanger, shown in the schematic below, is used to cool

the engine bleed air. The air conditioning ram air Er. op is in the

leading edge of the left wing.

Engine bleed air flowing through the heat exchanger is cooled
by ram air entering the pack at the ram air inlet (shown in the sketch).
The ram air which flows across the heat exchanger core cools the
bleed air by transferring heat euerg; from the bleed air to the ram

air. Additional cooling is accomplished by the water injector, which

will be described to you is Frame 12.

WATER
INJECTOR

AIR
CONDITIONING
RAM AIRSCOOP

AIR CONDITIONING UNIT

HEAT EXCHANGER

Place the letter T in the blank space before each of the following

that are true statements.

1. The heat exchanger cools the engine bleed air by transferring
heat energy from the bleed air to the ram air.

2. Ram air from a scoop in the leading edge of the left wing
circulates around the tubes of the heat exchanger.

3. If the ram air scoop becomes blocked, the flow of ram air would

stop. This would cause the engine bleed air to leave the heat
exchanger at the same temperature at which it entered.

8
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CABIN
EMERGENCY
RETRACTABLE
RAM AIRSCOOP

Answers to Frame 6: 1. T 2. T 3. T

Frame 7

Match each purpose given below with a component in the illustration
and write the number from the illustration in the space provided.
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Used to open and close the air supply line going to the
cabin air conditioning system.

2. Regulates the system airflow to apprwamately 140 pounds per
minute.

3. Cools the engine bleed air by transferring heat energy
from the bleed air to ram air.

4. Removes any contamination such as solid particles and
obnoxious gases from the air.
Normal source of engine bleed air.
Emergency source of bleed air.
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Answers to Frame 7: 1. 7 2. 13 3. 22 4. 11 5. 2 6. 1

Frame 8

The Air Conditioning Pack Turbine Assembly, shown in the ketch,
consists of a rotating shaft to which are affixed a turbine wheeland
fan impellers, a housing which contains fan and turbine cast gs, the
necessary shaft- bearings, and an oil sump. The turbine cools the engine
bleed air by converting heii energy into mechanical energy and 12y rapid
expansion. The fan on the same shaft provides a load for the r- ',ine

prevent overspeeding and circulates air through the heat exchant,..... The
fan is driven by the expansion turbine. The turbine tan is also equipped
With an oil sump (wick) heater. The heater prevents the turbine fan
bearings from becoming damaged by preventing the temperature of the
lubricating oil from dropping to a point that could causc improper
lubrication.

COLD
All

All CYCLING
MACHINE-SCHEMATIC

PACK ANTI-ICING
MIXING CHAMFER

WARM AIR
PROM PACK Q
ANTI-ICING ft PROM MEAT

VALVE OIL EXCHANGER
SUMP

Place the letter T alongside each of the following that are tr.ie
statements.

1. The turbine wheel cools the engine bleed air by converting
heat energy to mechanical energy and by rapid expansion.

2. The fan provides a load to prevent overspeeding of the
turbine and circulates ram air through the heat exchanger.

3. The maximum temper ture drop of the bleed air takes place
across the tubine.

4. The engine bleed air cooled by the turbine comes from the ran
aii scoop in the leading edge of the left wing.

10
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Answers to Frame 8: 1. T 2. T 3. T 4. F

Frame 9

The cold air, which is being dIscharged from the turbine, will then
flow into the water separator. The water separator takes, the moisture
out of the air, which will reduce fogging or snowing in the cabin.

As the cooled air enters the water separator it flows through a

condensor screen (2) made of a fiberglas fabric. The condensor screen
is mounted on a cone-shaped grid (5) with louvered openings. In passing
through the screen, water vapor is condensed into droplets which pass
into the eliminator (3) and are thrown rapidly outward by the rotating
force caused by the ail passing through the louvered grids. The water
droplets drain through circular perforations in the inner wall of the
eliminator and flow downward through the annular space formed by the
collector section and the outer shell of the water separator to a sump.
A fitting is provided in the sump to drain water from the separator.

FROM WATER
SEPARATOR
BYPASS
VALVE
CONTROL

BYPASS VALVE CONDENSOR SCREEN

BYPASS

VALVE
VENT
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AIR

INLET

LI

LAMINATOR

TO

WATER
TRAP

DRAIN FITTING

. Circle the letter of the statement that best describes the purpose
of the water separator.

A. The water separator removes moisture from the heat exchanger
ram discharge air.

B. The water separator removes moisture from the cooled tui Lne

discharge air and, thus, reduces fogging or snowing in the
control cabin.

C. The water separator removes moisture from the ram air
entering the cabin.

11
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Answer to Frame 9: b

Frame 10

The water separator bypass valve (1) is a part of the water

separator. The valve is used to bypass the water separator condenser

screen under two conditions. Above 36,000 feet, the bypass valve

will open so that the cooled air can bypass the condenser screen;

and, if the condenser screen should ice up or get clogged, the bypass

valve would open then, too.

FROM WATER
SEPARATOR
BYPASS
VALVE
CONTROL

BYPASS VALVE CONDENSOR SCREEN

BYPASS

VALVE
VENT

LOUVERED GRID

ELIMIN ATOR

It - 4 6

TO
WATER

TRAP

Place the letter T alongside each of the following that are

true statements.

1. The water separator condenser screen is bypassed at
altitudes above 36,000 feet because of the lack of

moisture in the air.

2. Icing or clogging of the condenser screen will cause

a higher than normal pressure differential across the

screen that will open the bypass valve.

3. The bypass valve is installed in the air outlet end

of the water separator.

4. Opening the bypass valve forces the cooled air through
the screen instead of letting the cooled air go around

the screen.

12
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Answers to Frame 10: 1. T 2. T 3. F 4. F

Frame 11

When the air conditioning system is on and the aircraft has
reached 36,000 feet or above, the aneroid pressure switch opens,
energizing the water separator bypass valve solenoid. This will
open the valve and permit bleed air pressure to flog from a port
at the top -f the air conditioning pack to the control chamber of
the water separator bypass valve, opening the bypass valve. Cooled
air, wh T i--Ypassing the condenser screen, then flows through the
water se' ;r. The water separator bypass valve control is a
solenoid c .cated air valve. Refer to the two illustrations shown
and then read each statement on the next page and place the letter
T beside each of the true statements.
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Frame 11 (Continued)

1. The water separator bypass valve ccntrol is a solencid
operated air valve.

2. The water separator bypass valve control will permit high
pressure air to flow from a port on the air conditioning
pack to the control chamber of the water separator bypass
valve and force the bypass valve open.

3. Opening the water separator bypass valve will allow cooled
air to bypass the water separator condenser screen.
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Answers to Frame 11: 1. T 2. T 3. T

Frame 12

The moisture from the water separator will flow in two separate
directions as shown by the arrows on the schematic.

The water iniector shown sprays water over the heat exchanger coils
to provide additional cooling of the engine bleed air.

The water trap is a float actuated drain valve. The trap is used
to let the separated water be removed from the system without the less of
air. The trap is essentially a float actuated drain valve. A mixture of
water and air enters tne trap at the tangent fitting; the water and air
are separated by rotating around the cone. The water gathers under the
float and the air returns to the system through the air return tube at
the top of the trap. When sufficient water la available to raise the
float, the upward movement opens a valve, allowing the water to be dis-
charged overboard. Internal tra7 pressure assists in closing the valve
as soon as the water has been removed.

SoA MI RA.,
COMB, Om.;
S,STEm pvSS
vA,

SF AAA OR

11, S1.
not.

mATIOSEPAII,00
ANCIS,ASSVAL

AS CC.O,CMcmG S,S,Fm
0 AL JP: m, AT E

AiR
COMCirlOmmAG
V., MUS,

PACK
AR,..1011e VALVE

RIF,- TOR

PATER
TRAP

AR

OAmARSCOSA.

Refer to the illustration shown, then read each statement below
and place the letter T beside each statement that is true.

1. Additional cooling of the engine bleed air is provided by
the water injector.

2. The separated moisture will flow to the water trap and the

water injector. 15
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Frame 12 (continued)

3. The water trap is electrically operated.

4. The water trap is a float operated drain valve.

5. The removal of the separated water without the loss of
air is performed by the water trap.

6 The water injector sprays the water over the heat exchanger
coils in the ram air portion of the heat exchanger.
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Answers to Frame 12: 1. T 2. T 3. F 4. T 5. T 6. T

Review Quiz

Frame 13

Write the letter of the component found in column B in the appropriate
space provided to the left ofthe purpose in column A.

Column A

1. Sprays moisture over the heat exchanger
coils and provides additional cooling of
the engine bleed air.

2. Cools the engine bleed air by rapid
expansion and converting heat energy
to mechanical energy.

3. Permits the removal of the separated
water without the loss of air.

4. Removes moisture from the pack air
output and thus reduces fogging or
snowing in the cabin.

5. Provides a load for the turbine to
prevent overspeeding and circulates
ram air through the heat exchanger.

6. Permits air pressure to flow from a
port on top of the air conditioning
pack to the control cnamber of the
water separator bypass valve.

7. Condenses the water vapor into water
droplets.

8. Opens above 36,000 feet to allow
cooled air to bypass the condenser
screen.

9, Opens to bypass the condenser screen
when the screen becomes plugged or
frozen.
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Column B

a. Turbine wheel

b. Fan Impeller

c. Water Separator

d. Condenser Screen

2. Louvered Grid

f. Water Separator
Bypass Valve

g. Water Separator
Bypass Valve
Control

h. Water Injector

i. Water Trap



Answers to Frame 13: 1. h 2. a 3. i 4. c 5. b 6. 7. d

8. f 9. f

Frame 14

Match each purpose given below with a component in the sketch
and write the number from the sketch in the appropriate space near
each purpose.
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1. Sprays moisture over the heat exchanger coils and provides
additional cooling of the engine bleed air.

2. Cools the engine bleed air by rapid expansion and con"erting

heat energy to mechanical energy.

3. Permits the removal of the separated water without the

loss of air.
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Frame 14 (Continued)

4. Removes moisture from the pick air output and, thus,
reduces fogging or snowing in the control cabin.

5. Provides a load for the turbine to prevent overspeeding
and circulates ram air through the heat exchanger.

6. When energized open, permits air pressure to flow from
a port on top of the air conditioning pack to the control
chamber of the water separator bypass valve.

_7. Will open when the conderwer screen becomes plugged or
frozen or at altitudes above 36,000 feet.

19
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Answers to Frame 14: 1. 20 2. 15 3. 16 4. 18 5. 17 6. 10

7. 21

Frame 15

The pack anti-icing valve, as shown in the sketch, is mounted

on the air conditioning pack. The purpose of this valve is to keep
pack output temperatures from dropping below the freezing point.
This valve is controlled by the pack anti-icing sensing element and

the pack temperature controller. When the valve is opened, warm

air will flow into the turbine discharge. Above 36,000 feet, the

valve is closed by actuation of the aneroid pressure switch. The

valve is powered by a 118 volt AC motor.

ELECTRICAL
\ L./ LEADS

ri-ELECTRICAL
VIICONNECTOR

TURBINE BYPASS
DUCT

riV/P_VE
/ACTUATOR

MOUNTING
BRACKET

Pack Anti -Icing Valve

VALVE
FLANGE

Place the letter T beside each of the following statements that

are true.

1. By keeping the pack output temperatures above the freezing
point, the anti-icing valve will keep the water separator

from freezing.

2. The pack anti-icing valve is controlled by the pack
anti-icing sensing element and the pack temperature

controller.

3. The pack anti-icing valve will control the flow of warm

air. 20
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Frame 15 (Continued)

4. Above 25,000 feet, the pack anti-icing valve is closed
by the aneroid pressure switch.

5. The pack anti-icing valve is closed above 36,000 feet
by an aneroid pressure switch because there is very little
moisture in the air.

610
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Answers to Frame 15: 1. T 2. T 3. T 4. F 5. T

Frame 16

The air conditioning pack temperature (38°F) contrulier regulates

the action of the pack anti-ice valve. This unAt opens the valve

when the pack discharge air drops below 3 C (38 F). The controller is

entirely electronic and has no pneumatic or mechanical connections.

IIM11121021ZID CONT2OLLIO

BANOM(12K SW(101

AIR CONDITIONING PACK 3V CONTROLLER

Place the letter T beside each of the following statements that

are true.

1. The 38°F controller will open the pack anti-ice valve to let
warm air enter the turbine discharge if the pack output temper-
ature is 36°F.

2. If the pack output temperature was at 40°F, the pack temperature
controller would close the pack anti-ice valve.

3. By regulating the action of the pack anti-ice valve, the 38°F
controller controls the pack output temperature and tends to
keep it at 38°F.

4. The pilot must select the temperature he would like to have
maintained in the turbine discharge duct. Once selected, the
38°F controller positions the pack anti-ice valve to maintain
that temperature.

22
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Answers to Frame 16: 1. T 2. T 3. T 4. F

Frame 17

The pack anti-icing sensing element is located in the cold air
outlet duct of the water separator. The anti-icing sensing element
has a variable resistance with a negative coefficient of resistance.
It is connected to the pack temperature (38°F) controller. The sensing

element is used with the 38°F controller to regulate the opening and
closing of the pack anti-icing valve.

1

Place the letter T beside each of the following statements that
are true.

1. If the temperature around the sensing element increased,
the resistance of the sensing element would decrease.

2. If temperature around the sensing element dropped to
36 F the resistance of the sensing element would increase
and the 38°F controller would open the pack anti-icing
valve.

3. Increasing the air temperature in the water separator outlet
to 41

°F
would decrease the resistance of the sensor and

cause the 38°F controller to open the pack anti-icing valve.

4. By sensing the temperature of the air in the water separator
outlet, the anti-icing sensing element keeps the water
separator from f7reezing.
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Answers to Frame 17: 1. T 2. T 3. F 4. T

Frame 18

The aneroid pressure switch is normally closed. It moves to

the open position at 30,000 (f2,000) feet pressure altitude. When

the altitude pressure switch opens, it energizes the water separator
bypass valve control and closes the pack anti-icing valve.

ANEROID
Swl TCH

OMOUNTING
RACK

Place the letter T beside each of the following statements that

are true.

1. The aneroid pressure switch opens, it energizes the water
separator bypass valve ..ontrol at 36,000 feet and ,closes the

pack anti-ice valve.

2. Since there is very little moisture in the air at altitudes above
36,000 feet and the water separator is being bypassed, the
aneroid pressure switch closes the pack anti-icing valve.

3. The anerr
atmosph

'sure switch moves to the open position by the
.assure at 36,000 feet.
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Answers to Frame 18: 1. T 2. T 3. T

Frame 19

Review Quiz

Place the letter of the unit in column B alongside the purpose
that corresponds to it in column A.

Column A

Has a negative coefficient of
resistance.

Keeps the pack output temperature
above the freezing point.

Actuates to the open position at
36,000 feet pressure altitude.

4. Controls the action of the pack
anti-ice valve.

5. When open, admits relatively warm
air into the turbine discharge.

6. Closes the pack anti-ice valve
above 36,000 feet.

7. Energize3 the water separator
bypass valve control above 36,000 feet.

8. Opens the pack anti- -ice valve when
pack output temperature falls
below 38°F.

Column 2

a. Pack Anti-
icing Valvc

b. Air Conditioning
Pack 38°
Controller

c. Anti-icing

Sensing
Element

d. Anaroid Pressure
Switch

9. Works in conjunction with Air Conditioning Pack 38° F
controller to regulate the action of the pr-k anti-ice
valve.
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Answers to Frame 19: 1. c 2. a 3. d 4. b 5. a 6. d 7. d

8. b 9. c

Frame 20

n
Four parts make up the 38°F control system. These parts are

aneroid pressure switch, the pack anti-icing valve, air conditioning

park temperature controller, and the air conditioning pack anti-icing

sensing element.

Place a circle around the number of the component parts that
are included in Li.e pack anti-icing system.

1. Pack pressure limiter.

2 Aneroid pressure switc_.

3. Water separator bypass valve.

4. Pack anti-icing valve.

5. Water trap.

6. Anti-icing sensing element.

7. Catalytic filter.

8. Air conditioning system shutoff valve.

9. Turbine.

10. Blowe-.

11. Heat ea2banger.

12. 38 °F temperature controller.

13. Water separator.
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Answers to Frame 20: 2, 4, 6, 12

Now let us follow the path
the schematic belaw. This path
area. We shall discuss each of
few frames.
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NULL
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Frame 21

of airflow shown by the arrows in
will deliver hot air to the cabin
the units individually in the next
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Frame 22

The air conditioning modulating valve controls the temperature of

the crew compartment by varying the amount of the hot air entering the

cabin. Opening the valve increases the flow of hot air to the cabin,

while closing the valve decreases the amount of hot air going to the

.n. This valve can be controlled automatically by the cabin tempera-

ture regulator or manually by the cabin temperature control switch.

VALVE OODY

HEAT MORD

HOT AIR
DUCT

VALVE MOTOR ELECTMCAL

CONNECTOR
VALVE ACTUATOR

1-1-1114

Air Conditioning System
Modulating Valve

Place the letter T beside each of the following statements that
are true.

J. To increase the temperature of the crew compartment, the air
conditioning modulating valve is opened.

2. To decrease the temperature of the crew compartment, the air
conditioning modulating valve is closed.

3. By varying the position of the air conditioning modulating
valve, the amount of hot air going to the cabin is varied.

4. The air conditioning modulating valve is controlled manually
by the cabin temperature regulator and automatic:113y by the
cabin temperature control switch.
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Answers to Frame 22: 1. T 2. T 3. T 4. F

Frame 23

The hot air muffler is in the hot air line leading into the
cabin. This muffler is used to absorb valve noise and to prevent
noise transmission through the air conditioning ducts to the crew
compartment.

Place the letter T beside each of the following statements that
are true.

1. A malfunctioning muffler could cause the air coming in
from the crew outlets to be very noisy.

2. The muffler is mounted in the hot air line leading to the
heat exchanger.
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Answers to Frame 23: 1. T 2. F

Frame 24

The check valve, shown in the schematic below, prevents
the possibility of rapid cabin depressurization due to a failure

of a duct or coupling outside the pressurized area of the airplane.

The check valve will allow air to flaw only in one direction

and the arrow on the valve indicates the direction of airflow.

PRESSURIZED

CA /IN AREA

UNPRESSURI"ED

AREA

CHECK

VALVE

MUFFI ER

AIR CON
DITIONING
SHUTOFF

VALVE

CATALYTIC

FILTER

AI
CONDITIONING
MODULATING
VALVE

PRESSURE

LIMITER

(MASS FLOW

CONTROL
VALVEI

11-49

Refer to the schematic shown, then read each of the statements
below and place the letter T in the blank space beside each statement

that is true.

The check valve will allow airflow in one direction only.

2. The check valve would prevent rapid cabin depressurization

if one of the clamps on the muffler failed.

3. The arrow on the check valve denotes the direction of

outflow.

4. The check valve would prevent rapid cabin depressurization
if the duct between the catalytic filter and pressure

limiter was defective.
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Answers to Frame 24: 1. T 2. T 3. T 4. T

Frame 25

Place the letter of the unit in column B alongside the purpose
that corresponds to it in column A.

Column A Column B

1. This unit is used to absorb a. Air Conditioning
valve noise and prevent its System Modulating
transmission through ducts Valve
to the cabin area.

2. Controls the temperature
of the crew compartment by
vary'ng the amount o- hot
air Amitted to the cabin.

3. Prents the possibility
of rapid cabin depressuriza-
tion due to failure of a
duct or coupll,g outside
the pressurized area of
the aircraft.
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Answers to Frame 25: 1. b 2. a 3. c

Frame 26

Match each purpose given below with a component in the sketch

and write the number fraL the sketch in the appropriate space near

each purpose.
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1. Prevents turbine output temperature from dropping below freezing

point, downstream from the turbine which could cause an ice

build-up.

2. Regulates the action of the pack anti-icing valve in
conjunction with the 38°F controller.

3. These units are variable resistance temperature sensing
elements with a negative coefficient of resistance.

3a.

4. Controls the temperature of the crew compartment by
varying the amount of hot air admitted to the cabin.

5. Absorbs valve noise and prevents i-4se transmission through
the ducts to the cabin area.

6. Prevents the possibility of rapid cabin depressurization
due to a failure of a duct or coupling outside the
pressurized area of the

32

aircraft.

117



Answers to Frame 26: 1. 19 2. 23 3. 23 3a. 3 4. 14

5. 12 6. 8

Frame 27

T11,, next few frames will cover the units outlined by the circles
in the schematic shown below. The cabin regulator (not shown) will
also be discussed.
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Frame 28

The cabin temperature sensing element senses the temperature of the

air in-the cabin. Find the vent in the sketch. This vent is used to draw

cabin air over the cabin sensing element. The vent is flush with the out-

side skin of the pane. Slotted holes through the baffle permit airflow

over the element from cabin itself. Th__ e venturi restricts cabin airflow

over the sensing element. This sensing element has a negative coefficient

of resistance. The arrow indicates direction of airflow from the cabin of

the aircraft, over the sensing element, then overboard.

VENT
,--------

...--''

VENTURI

CABIN TEMPERATURE
SENSING EL EMEN7

EL ECTRICAL
CONNECTOR

SENSOR

SUPPORT PANEL

BAFFLE

VIEW FROM INSIDE THE CABIN

rillW:
t t t

AIR FLOW FROM CABIN

Place the letter T beside each of the following statements that

are true.

An increase in temperature in the cabin will cause the

resistance of the sensor to decrease.

2. An increase in cabin temperature will cause the resistance
of the sensor to increase.

3. The cabin sensor installation is vented to the atmosphere
to make sure there is an airflow over the sensing element.
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Answers to Frame 28 1. T 2. F 3. T

Frame 29

The duct temperature sansing element senses the temperature
ig the two main ducts which are downstream of the muffler and the
water separator. It provides signals to the electronic cabin
temperature regulator for the control gf the air conditioning system

f

modulating valve. The element ontains two sensors one with a rapid
response, the other with a slaw response. These sensors have a positive
temperature resistance coefficient.

ra'VOLD AIR
TUBE

()MOUNTING SCREWS

6 ELECTRICAL
CONNECTOR

SAFETY WIRE

SENSING ELEMENT

°HOT AR TUBE

()MIX BOX

Place the letter T beside each of the
are true.

following statements that

1. Increasing the amount of hot air entering the mix box
will increase the resistance of the sensing element.

2. The term positive temperature-resistance coefficient
means that as the temperature surrounding the duct
temperature sensing element increases, the resistance
of the sensors will increase.

3. Two sensors can be found in the duct temperature sensing
element; one with a fast response and one with a slow
response.

4. The cabin temperature regulator receives signals from the
duct temp-rature sensing element and varies the position of
the air conditioning modulating valve.

5. Airflow from the two main ducts, which are downstream
of the muffler and water separator, flows across the
duct temperature sensing element.
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Answers to Frame 29: 1. T 2. T 3. T 4. T 5. T

Frame 30

The temperature control selector is used to vary the temperature o.
the cabin air inflow. The selector has two ranges, automatic and manual.

When automatic, rotation of the temperature selector knob within
the automatic range adjusts a variable resistor providing the necessary
control to automatically hold the cabin temperature at the selected value.
In this automatic position the temperature control selector becomes part
of the temperature regulator bridge circuit.

Should the regulator malfunction, an override can be accomplished
by turning the selector 0 manual range and holding it in the cooler or
warmer position until the incoming air is at the desired temperature.
When the control switch is held 1,n the Warmer position, a signal is
produced to open the modulating valve. When in the Cooler position, a
signal is produced to close the modulating valve.

TEMPERATURE CONTROL SELECTOR

Read each statement below, refer to the illustration and then
place the letter T beside each of the statements that are true.

1. If the temperature selector was in the 70° position, the
cabin temperature regulator would control the temperature
and the selector would be in the automatic range.

2. The "coGier" and "warmer" positions on the selector are
the manual positions and are used if any portion of the
automatic system fails.

3. While the temperature selector is in the automatic range,
it becomes part of the temperature regulator bridge circuit
and rotating it will unbalance the bridge circuit.

4. Changing the position of the temperature control selector
in either the automatic or manual range will vary the
temperature of the air entering the cabin.

5. The cabin temperature selector is used only during automatic
operation of the temperature control system.
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Answers to Frame 30: 1. T 2. T 3. T 4. T 5. F

Frame 31

The cabin temperature regllator (2; is an electronic control. Its
function is to)automatically keep the cabin temperature at the value
selected. Circuit damping adjustments are accessible on the front cover
of the regulator. ne regulator is supplied with 24V DC to 28V DC and
118 volt, AC single phase, 400 Hz power.

TEMPtRATURE
REGULATOR

SAFETY
WIRE

CHANNEL

MOUNTING
SCREWS

240

Place letter T beside each of the following statements that
are true.

1. The cabin temperature regulator requires two sources of
power, 28V AC and 118V single phase 60 _Ts AC for operation.

2. The cabin temperature regulator will maintain the cabin
temperature at the valve selected by varying the position
of the air conditioning modulating valve.

3. Dampening adjustments can be found on the front cover
of the regulator.
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Answers to Frame 31: 1. F 2. T 3. T

Frame 32

The cabin temperature sensor, duet temperature sensor, temperature
control selector, temperature regulator, and the air conditioning
modulating valve are the component parts of the automatic cabin

temperature control circuit. This automatic temperature control
circuit is designed to maintain the cabin temperature at the value

selected by the pilot.

Circle the number of the component parts that make up the cabin
temperature control system from the following list.

1. Anti-ice sensor

2. 38°F temperature controller

3. Duct temperature sensor

4. Cabin temperature regulator

5. Pack anti-ice valve

6. Air conditioning modulating valve

7. Temperature control selector

8. Cabin temperature sensor
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Answ-Irs to Frame 32: 3, 4, 6, 7, 8

Frame 33

Review Quiz

Place the letter of the unit in column B alongside the purpose
that corresponds to it in column A.

1.

2.

3.

4.

Column A

Automatically maintains the cabin
temperature at the value selected.

Senses the temperature of the
air in the cabin.

Used to select the temperature
of the cabin air.

Senses the temperature in the
two main ducts which are down
stream of the muffler and
water separator.

5. Installed in cabin sensor vent
line to restrict the airflow
to the atmosphere.

6. Has a negative coefficient of
resistance.

7. Has two resistors in the same
housing.

8. Has a high positive coefficient
of resistance.

9. Has two ranges, automatic and
manual.

10. Can be turned to manual to
override the temperature
regulator 12 a malfunction
appeared in the automatic
control.
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Column B

a. Cabin Temperature
Sensing Element

b. Venturi

c. Duct Temperature
Sensing Element

d. Temperature Control
Selector

e. Cabin Temperature
Regulator



Answers to Frame 33: 1. e 2. a 3. d 4. c 5. b 6. a 7. c

8. c 9. d 10. d

Frame 34

The air conditioning emergency retractable ram airscoop is used
to provide an emergency source of ram air for cooling ventilation of
the crew compartment and for cooling the electronic equipment. The

scoop is used only in case of emergency.

The scoop, flush with the aircraft skin when in the closed position,
is actuated to both the open and closed position by a 118 volt 400 cycle
single phase motor driven actuator.

Operation of the scoop is controlled by the CABIN PRESSURE MASTER
SWITCH. Turning the sw'f-ch to RAM position energizes the ram airscoop
motor relay and allows the "open" windings in the scoop actuator motor
to be energized. Turning the CABIN PRESSURE MASTER SWITCH to any position
other than RAM deenergizes the airscoop motor control relay and allows
the "close" windings on the scoop actuator motor 1..9_be energized.

0 RAM AIC
DUCT

0 BONDING ELECTRICAL
JUMPER CONNECTION

fe MOUNTING
-...441411111104 SCREW

0

FLANGE
BOLT

O
0 ACTUATOR MOTOR

0 MOUNTING BOLT

RETRACTABLE

RAM MR SCOOP

ORETRACTABLE
RAM AIRSCOOP

Place the letter T beside each of the following statements that

are true.

1. When the scoop is closed, it is in the retracted position
and flush with the aircraft skin.

2. The flapper type check valve within the scoop prevents a
loss of airflow from the cabin when the cabin is pressurized
and the scoop is retracted.

3. The scoop is opened when it is extended.

4. Tho r=uin area can be cooled and ventilated during an
emergency by the ram air obtained from the ram air scoop.

5. The electronic equipment located in the crew compartment
can be cooled during an emergency by the ram air obtained
from the ram air scoop.

40
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Answers to Frame 34: 1. T 2. T 3. T 4. T 5. T

Frame 35

The air conditioning system emergency retractable ram air scoop
motor islequipped with a time delay circuit. This circuit cycles
the scoop to be extended for one minute and to be retracted for 12
to 15 seconds. This cycling is used for de-icing the scoop any time
that the scoop anti-icing circuit is energized.

There is a heating element around the inlet scoop, which keeps the
ice from freezing to the scoop and the retraction of the scoop scrapes
the ice off.

0 RAM AIR
DUCT

(4) BONDING
JUMPER

0 Et ECTRICAL
CONNECTION

FLANGE
BOLT

0

MOUNTING
SCREW

Heating
lement

(1) MOUNTING BOIT I
3) 3

RETRACTABLE
RAM AIRSCOOP

Place the letter T beside each of the following statements that
are true.

1. The timer motor causes ice, loosened by the anti-icing air
scoop heating elements, to be scraped free from the air
scoop.

2. The timer motor is energized only when the air scoop anti-
icing circuit is energized.

3. The timer motor will cause the air scoop to extend for one
minute and retract for 12-15 seconds when it is energized
by the air scoop anti-icing circuit.
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Answers to Frame 35: 1. T 2. T 3. T

Frame 36

The cabin pressure master switch has four positions. In the

"Ram" position the ram air scoop is extended and the air conditioning
system shutoff valve is closed, stopping all the bleed air flowing

to the air conditioning system. In the "OFF" position the ram air

scoop is retracted and the air conditioning shutoff valve is closed.

In the "7.45 psi" position, the cabin air conditioning system shutoff
valve is open allowing bleed air to flow into the air conditioning
system and receive normal pressurization. When the switch is placed

to the "4.50 psi" or "Combat" position the cabin air conditioning

system shutoff valve is open. The cabin pressurization then drops

to a lower setting in case of a rapid depressurization during combat.

CAE

:

111

:

Place the letter of the switch positions in column B alongside
the correct purpose for that switch position in column A.

Column A

1. Retracts the ram air scoop
and closes the air condition-
ing system shutoff valve.

2. Extends the ram air scoop
and closes the air conditioning
system shutoff valve.

3. Retracts the ram air scoop and

opens tha air conditioning
system shutoff valve.
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Column B

a. Ram

b. Off

c. 7.45 psi or
Combat 4.50



Answers to Frame 36: 1. b 2. a 3. c

Frame 37

Place the letter of the unit or cabin pressure master switch
position from column B in the blank space alongside the purpose
that corresponds to it in column A.

Column A

1. Extends the ram air scoop and closes a.

the air conditioning systems shutoff
valve.

2. Causes the ram air scoop to retract
and extend when the anti-icing
circuit is turned on.

b.

c.

3. Retracts the ram air scoop and closes
the air conditioning system shutoff d.

valve.

e.
4. Provides an emergency source of ram

air for cooling and ventilation of f.

the crew compartment and for
cooling electronic equipment
located in the crew compartment.

5. Prevents airflow from the cabin
through the scoop when the aircraft
is pressurized and the scoop is
retracted.

6. Retracts the ram air scoop and opens
the air conditioning system shutoff
valve.
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Column B

Retractable Ram Air
Scoop

Retractable Ram Air
Scoop Flapper Valve

Retractable Ram Air
Scoop Timer Motor

.yam Position

Off Position

7.45 psi or Combat
4.50 psi Position



Answers to Frame 37: 1. d 2. c 3. e 4. a 5. b 6. f

Frame 38

Match each purpose given below with a component in the sketch

and write the number from the sketch in the appropriate space near

each purpose.

PILOTS' SUMO.
UPPER OUTLETS

SRY Sol

CABIN TIMPIRATURI CONTROL 'ANIL
AUTONATK RANGE PILOT'S STATION

AUTOMATIC F LOPER OUTLETS

a
so 70

20 10
20

COOLER /1". WARMER
OFF

MANUAL
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DEFENSE
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OUTLETS

DEFENSE STTION

CONTRois
AIR OUTLET

DEFENSE 0=
STATION

0 01401 iO
PULL
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COXING

PILO STATION AIR
OUTLET CONTROLS
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RELEASE
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SELECT TWO'

CABIN
ENEIKENCI
RE TRACT AIL E

RAM IIISCOOP

4-1

IRAN MR

TO
1005PNE RE

AISLI STAND

TO
ImosPNERE

AIM STAND

MEm
WYK
RELAF

ADJUST AKE
FLOE
RESTRiCTOI

im$ STATION
_=PER OUTLETS

INS $111ON AIR
OUTLET COWFroLs

PULL
LO11 10

mart, °Pt
EuL
CiFFERINTi
PRESSURE

REGULTOR

Fri
OulAP
VALVE

8,,,s srTWN
LIME OUTLETS

RESSURI210 CAMN

OK
TEN EllTuRE
SENSING
EL ININT

RAT-,
Sr

.45
YE

CONTROL

w1F11 SEPARATOR
NO ITPSS VALVE

Sm THERMAL
CONDITIONING
STSTIN uR WSS
FAL FE1

WATER
TRAP

ANTI.KING
SENSING
ELEMENT

AS. THE ANAL CONVIGNING S+STEM,
LOP L TITJOI WAY 11CNANGIIII

cow:OWNING
AIR

um1 EXHAUST

TM t 1
/7 gird"

111 [PI

IN AM*

AN VALVE

R CONDITIONING UNIT

WATEXCWPWER

IR
CONDITIowNG
RAM

FROM STRul. FROM STOW
M0 3 34.111Fmis NO 2 NORMAL
ILE ED SOURCE ILE EC SOURCE

4
SOOT
CROSSOVER
MANIFOLD
MAO(

MUFFLER

ALAWFm0
AIR
YEW
SENSING

WU

MR CON.
DiTioNtNG
SHUTOFF
VALVE

CTLYTK
FILTER

AIR
CONDITIONING
NODULMTING
VALVE

1. Senses the temperature of the air in the cabin.

PRESSURE
LIMIER
WASS FLOE
CONTROL
vALVE)

2. Senses the temperature of the air in the two main ducts

which are downstream of the muffler and water separator.

3. Used to vary the temperature of the cabin air inflow.

4. Provides an emergency source of ram air for cooling and

ventilation of the crew compartment and for cooling

electronic equipment found in the crew compartment.
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RAN IIISCOOP
ANTI KING
SOUTOFF VALVE



CABIN
EMERGENCY
RETRACT AILS
RAM AIRSCOOP

Answers to Frame 38: 1. 3 2. 6 3. 4 4. 9

Frame 39

Match each purpose given below with a component in the sketch.
Write the number from the sketch in the appropriate space near each
purpose.

PILOTS' STATION
UPPER OWL ITS

SPRAT SAN

CABIN TIMPIRATURI CONTROL PANIL
AUTOMATIC RANGE PILOT'S STATION
AUTOMATIC F LOWER CUTLETS

4306070SO

zo too

COOLER IS RA. PER
OFF

MANUAL

TEMPERATURE CONTROL

COMNAT
I SO PSI

CAOIN
PRESSURE
MASTS

SWITCH

CARPI
TEMPERATURE

SENSING
ELEMENT

DEFENSE
STATION
LONER
OUTLETS

OE F ERSE

STATION
UPPER
OUTL: TS

DEFENSE STATION
AIN OuTL EY
CONTROLS

QUPPER
PULL

OPEN

WARMER 0 Lo."

TO

ELECTRONIC
EQUIPMENT
COOLING

4r.?

PILOTS S ATION AIR
OUTLET CONTROLS

'NEU
MAT IC
RELAY

P ESSUITE
R LEASE

RESET

FOR EITENDEO
UNPRESSURiZED
OPERATION
SELECT -Dumm

OS 70

RANAMIL)1)

TO
eWSNERE

uL
006E11E411x *Ns su,ON
PRESSURE Latv mi ET S

REGULATOR

4MSTABLE
F1.0*
RE ST 10:7 OR

104STATKN
UPPERWLVS

INWATioNAI
OUTLETCWOTLS

UPPER PULL
4) 1.0.ER TO

0 WARMER -41"

7
SE ***T OR
SUP SSv
CONTROL

ASA7 T NERNAL

CORO .ONNvo
SYSTEM AIR BYPASS
VALVE

IJ

PRESSURIZED CAIN

DUC
TEM E RTuIlE
SINS NG
ELEMENT

ASM CONDITIONING STST EN
LOW ALTITUDE NEAT E TCNANGER<

RATER SEPARATOR
ANC syRSS vAL

%MP

WATER
TRAP

1.

2.

11714CING
SENSING
ELEMENT

AIR

CONDITIONING
RAM AINSCOOP

FROM STRUT FROM STRUT
NO 3 ALTERNATE NO 2 mOlb*Al.
SLEW SOURCE OLEE0 SOURCE

ROOT
CROSSOVER
MANIFOLD
VALVE

NANIFOLO
AIR
TEMP
SENSING

D ULII

AIR COIL
IONit4

SHUTOFF
VALUE

CATALYTIC
FILTER

PRESSURE

LIMITER
fAMSS PLOW
CONTROL
VAL VEI

The ram position at this switch extends the ram air scoop
and closes the air conditioning system shutoff valve.

RANAIRsCOOP
ANTI ICING
WOOFFVALvE

In the 7.45 position or the 4.50 psi position this switch
will retract the ram air scoop and open the air conditioning
system shutoff valve.

3. These sensing elements have a negative coefficient of
resistance.

3a.

4. This sensing element has a positive coefficient of resistance.

J. Has a manual override in case the automatic system fails.
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Answers to Frame 39: 1. 5 2. 5 3. 3 3a. 23 4. 6 5. 4

Frame 40

Select the group of component parts that make up the 38°F control

system.

Group A

Pack Anti-Ice Sensor
Pack Anti-Icing Valve
Pack 38°F Temperature
Controller

Group B

Cabin Sensor
Duct Sensor
Modulating Valve
38°F Temperature
Controller

46

Group C

Pack Anti-Ice Sensor
Cabin Sensor
Pack Anti-Icing Valve
Cabin Temperature

Controller

131



Answer to Frame 40: Group A

Frame 41

Select the group of component parts that make up the cabin
temperature control system.

Group A

Pack Anti-Ice Sensor

Pack Anti-Icing Valve

38°F Temperature
Controller

Group B

Cabin Sensing Element

Duct Sensing Element

Modulating Valve

Cabin Temperature
Controller

Temperature Control
Switch
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Group C

Pack Anti-Ice Sensor

Duct Sensing Element

Modulating Valve

Temperature Control

38°F Temperature
Controller



Answer to Frame 41: Group B

Frame 42

Match each purpose given below with a component in the figure
on the following page and write the number from the figure in the

appropriate space near each purpose.

1. The normal source of engine bleed air.

2. The emergency source of engine bleed air.

3. Regulates the system airflow to approximately 140 lbs pe

minute.

4. Used to open and close the air supply line going to the cabin

air conditioning system.

5. Cools the engine bleed air by transferring heat energy
from the bleed air to the ram air.

6. Removes any contamination, such as solid particles and
obnoxious gases, from the air.

7. Prevents the possibility of rapid depressurization due

to a failure of a duct or coupling outside the pressurized
area.

8. Controls the temperature of the crew compartment by varying
the amount of hot air admitted to the cabin.

9. Absorbs valve noise and prevent: noise transmission through
the ducts to the cabin area.

10. Admits warm air to the turbine outlet to prevent the pack
output temperature from dropping below the freezing point.

Cools the engine bleed air by rapid expansion and converting
heat energy to mechanical energy.

12. Sprays moisture over the heat exchanger coils and provides
additional cooling of the engine bleed air.

13. Provides a load for the turbine to prevent overspeeding and
circulates ram air through the heat exchanger.

14. When energized by the aneroid pressure switch, permits air
pressure to flow from a port on top of the air conditioning

pack to the control chamber of the water separator bypass
valve.

15. Removes moisture from the pack air output and, thus, reduces
fogging and snowing in the control cabin.

16. Provides an emergency source of ram air for cooling and

ventilation of the crew compartment.

17. Permits the removal of the separated water without the
loss of air.

18. Will open when the condenser screen of the water separator
becomes clogged or frozen over with ice or at altitudes

above 36,000 feet.
48
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Illustration for Frame 42
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Answers to Frame 42:

1. 2

2. 1

3. 13

4. 7

5. 22

6. 11

7. 8

8. 14

9. 12

10. 19

11. 15

12. 20

13. 17

14. 10

15. 18

16. 9

17. 16

18. 21
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Aircraft Electrical Branch SERVICE TEST
Chanute AFB, Illinois C3ABR42331-SG-206

CABIN TEMPERATURE CONTROL AND CABIN AIR DISTRIBUTION

OBJECTIVE

Relate 3 out of 10 components to their operation.

INFORMATION

CABIN TEMPERATURE CONTROL

In the air conditioning system there must be a way of controlling
the mixture of 320°F air from the hot air system and 35°F air f-lm the
cold air system.

The main temperature controlling items is the cabin temperature
control valve. There are two ways to control this valve: (1) Manually
controlled by the temperature selector. (2) Automatically controlled by
the cabin temperature sensor/controller in conjunction with the cabin
sensor and the temperature selector. The following paragraphs will
explain how each control operates.

For manual temperature control there are two requisites that
must be met: (1) The aia source switch on the air conditioning control
panel must be in NORMAL or DUMP. (2) The temperature selector, also
located on the air conditioning control panel, must be in the manual
position. In this position, 28 VDC power will directly control the
cabin temperature control valve.

During manual operation power is supplied by the 28 VDC cabin
temperature control C.B. From the C.B., power flows to the air sour,.:e
selector switch on the air conditioning panel, then to the cabin
temperature control valve relay. From the relay power flows to the
cabin temperature control valve, then to the temperat -e selector which
is in the DOWN position.

The temperature of the air in manual will range from 35° to 177°F.

You should recall from the information about the refrigeration system
that at 177°F the cal4n temperature thermostat will energize, sending
power to the cabin temperature control valve relay. This relay is a
normally closed relay that will open when energized, which will allow
the cabin temperature control valve to spring-load to the closed position
stopping hot air from going into the system.

The cabin tempcature thermostat will automatically reset once it
cools off.

OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 350; DAV - 1

2
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During automatic
range of 58.7°F to 81.

In automatic you
do in manual.

temperature control you have a selectable temperature
3°F. For ease of memory round this off to 60 to 80°F.

still have basically the same two requisites as you

1. The air source switch must be in either "NORM" or "DUMP."

2. The temperature selector must be in automatic.

Power for the automatic operation is the same as that for manual.

In automatic, power will flow from the same C.B. that the manual
power used. From the C.B., power goes to the air source switch, then to
cabin temperature control valve relay. From the relay, power will flow
to the temperature control valve and the temperame selector which is in
the UP position.

In automatic, power just passes through the temperature selector
and on through the controller.

This is not the only input the controller has coming into it in
automatic. There are three inputs including the selector:

1. Selector - The temperature is selectable from auto hot to auto
cold. The temperature selector will send a signal to the controller
(cabin temperature sensor/controller) telling it what temperature the
pilot wants.

2. The sensor portion on the cabin temperature sensor/controller
senses the temperature of the air going to the cockpit.

3. The cabin temperature sensor - located in the cockpit, will
send a signal to the controller portion of the sensor/controller telling
it what the temperature actually is in the cockpit.

The controller will take these three signals, process them and adjust
the position of the cabin temperature control valve to the temperature
the iilot desires.

Let's look at an example to better understand this. Remember, there
are three inputs that have to be considered:

1. Selector - What temperature does the pilot desire?

2. Sensor on controller - What temperature air is going through
the duct leading to the cockpit?

3. Cabin temperature sensor - What temperature is the cabin sensor
presently sensing?

3
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Now - let's say the pilot selects an 80°F temperature with the
temperature selector. The cabin temperature sensor is presently sensing
a cockpit temperature of 50°F. With these two temperatures, the cabin
temperature sensor/controller will demand a temperature of 120°F (duct
sensor).

As the temperature in the cockpit comes closer to the desired
temperature (80°F), the duct temperature demand will change. As soon
as the cabin sensor and the desired temperature 'secome the same
(80° - 80°F), the duct temperature sensor will stop demanding hot air.
Supply duct temperature can range from 35° - 158°F.

Both the cabin sensor and the duct sensor are negative coefficient.
This simply means that with a high temperature around the sensors,
resistance will decrease, calling for more cold air into the system.

What would happen if during troubleshooting you detected a short in
the sensor circuit? The first thing you should determine is what
coefficient is the sensor. You already know that both the duct sensor
and cabin sensor are negative coefficient. Next, what kind of resistance
will a short create? A short, as you already know, will give you a low
resistance. Knowing these two factors, you can determine what kind of
a condition you will have. A short in a negative coefficient will create
a low resistance which will give you a full cold condition in automatic.

Anytime resistance decreases in a negative coefficient, you are going
to get a full cold condition (only in automatic).

Now - let's say we have a low temperature around the sensor. Once
again, we are working with a negative coefficient. A low temperature
will cause the resistance to rise (high), calling for hot air into the
system.

What would happen if you discovered an open during the troubleshooting?
Once again, think about the coefficient you are working with. Now, what
kind of resistance does an open create? If a short created low resistance,
then an open will cause you to have a high resistance. Anytime resistance
in a negative coefficient goes up (high), you will get a full hot condition
in automatic.

Connected to the cabin temperature sensor is a fan. This fan is
used to draw air across the sensor. It does not blow air across the sensor
for this would create a cooling effect on the sensor.

There is a second fan 3cated under the left console. The only
purpose of this fan is to circulate air under the console.

Both of these fans are 115 VAC motor operated. These are the only
two components that use 115 VAC power for operation in our system.

This concludes the manual and automatic operation portion of the
lesson. The next part of the lesson will cover defog operation.

4
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The defog system components consist of: cockpit (cabin) defog
outlets, the defog air diverter valve, and the defog lever.

We will start out discussing the defog outlets.

The defog outlets are part of what is called the glareshield. A
minimal flow of cockpit st.pply air through the defog outlets will prevent
windshield fog.

The defog air diverter valve, is a manually operated valve that
cHerts cockpit supply air through the deffn outlets,

Defog lever - This lever is used to control the diverter valve. It

can be positioned in various positions between min and max. By controlling
the diverter valve, you can control the amount of cockpit air supply
going to the defog outlets and the cockpit air outlet diffusers. The
defog lever is located on the left console.

The defog system can be used in both automatic and manual.

In manual there will be no change in the temperature of the airflow.

In automatic, when the defcg lever is positioned to the "max" pcsition
cwo microswitches will be actuated (closed). This will route a signal
to the 3-minute time delay module. This, in turn, will send a signal to
the defog relay, energizing the relay causing a signal to be sent to the
cabin temperature control valve causing it to open.

This will allow a temperature of 158°F (maximum duct supply air
temperature) air to be routed to the windshield for a maximum time of
3 minutes. After the 3 minutes are up, the temperature will automatically
change to the setting the pilot had selected for automatic operation.

So far in this lesson we have covered the portion of the system
that controls the temperature going into the cockpit and also the defog
portion.

What about distribution? How is the air distributed after temperature
control has been established?

The next part of the lessons will cover just that - cabin air

distribution.

Also included in the cabin distribution system is the cold air check
valve and the ram air valve.

The cabin cold air check valve prevents a reverse flow of air in

the event of a system shutdown. This will also prevent a loss of cabin

pressure.

The ram air valve controls the flow of ram air to the cockpit and

to the equipment supply manifold.

Anytime ram air is desired, the pilot selects "ram" with the air

source switch. This will deenergize the valve allowing it to spring-load

to the open position.

5
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TEMPERATURE CONTROL AND DEFOG TESTER INTERFACE

The temperature control and defog tester interface is designed to
be used when troubleshoting the temperature control systems (this includes
defog).

The ing tests will check the operation of the temperature
selector switch, cabin temperature sensor, cabin temperature control
valve, cabin temperature sensor/controller and the cabin temperature
thermostatic switch.

Cockpit Temp Switch

Valve Drive Test - This test will allow you to read the voltage
drop across the motor of the cabin temperature control valve. This is
done by placing the "cockpit temp" switch in the "VLV DR" position.
This will tie the digital voltmeter (DVM) into the circuit allowing you
to take a voltage reading. This reading will be displayed on the
multimeter display portion of the tester.

This test must be done in manual. The reason for this is that in
automatic, the cabin temperature control valve will not drive to the
full open or full cold position.

In manual, with the cabin temperature control valve full cold
(valve will be closed) voltage should read less than 1 volt. In full
hot (valve fully open) voltage should be greater than 8 volts.

Duct Sensor Test - This test takes a voltage reading from the duct
sensor portion of the cabin temperature sensor/controller. This is done
with the temperature selector in the automatic mode of operation.
During this test normal voltage should read between 10 to 14 volts.

Bleed Relay Test - This particular test has already been discussed
in the bleed air control tester interface portion, but to refresh your
memory, we will go over it again.

With the "cockpit temp" switch in the bleed relay position, voltage
supply going to the air overtemp relay will be displayed on the digital
multimeter (DVM). Normally, the air overtemp relay coil voltage is zero.
During an overheat condition, 28 VDC is supplied to the overtemp relay.
With 28 VDC being supplied to the air overtemn relay, what is going to
happen? You should remember that at this point the air overtemp relay
will energize. This will allow 28 VDC power to the three primary valves
(7th stage bleed valve, 13th stage bleed valve and the VPR). With all
three valves energized, what is going to happen to the system? This will
cause the system to shut down.

This overtemperature can be simulated by placing the overtemp switch
in the Hi Act position while having the cockpit temp switch in the
bleed-rclay position. The DVM should read 28 VDC at this time.

Relay Valve Drive - During thi6 test you will be checking the
voltage reading of the 177° output section of thermostatic switch.
This reading should normally be zero.

6



If the air conditioning system was in an overheat condition (177°F),
the thermostatic switch would send a signal to the cabin temperature
control valve relay; the DVM would indicate 28 VDC. This would energize
the relay, opening the electrical circuit going to the cabin temperature
control valve allowing it to close.

Max Heat - With the cockpit temperature switch in the "max heat"
position, the tester circuit will apply maximum current to he cockpit
temperature control valve. This will drive the valve to the full open
(hot) position. This full open position is obtained by grounding the
valve coil power into a 200 ohm resistor.

In addition to this happev4ng, the DVM will display the voltage on
the cabin temperature control valve. Voltage should range from zero to
28 VDC during the opening of this valve.

The cabin air supply temperature may also be monitored by placing
the tester temperature switch in the cabin position.

Temp Sensor - When the tester cockpit temp switch is in the temp
sensor position, and the "temperature selector" is in the automatic range,
voltage across the cockpit temperature sensor is presented on the tester
multimeter. This voltage is used to check the sensor. Voltage will
range from approximately 1.2 VDC to 1.8 VDC.

A voltage reading of zero volts will normally indicate a short.
The cockpit temperature sensor has a negative coefficient. If the multi-
meter indicates a short in this sensor, what condition are you going to
get? A short in a negative coefficient will give you a full cold condition.

During "max" defog a voltage reading of zero will occur. This will
only take place durins the first three minutes of operation.

A voltage reading of approximately three volts will indicate an open
sensor circuit. What condition will you receive with an open in a negative
coefficient? This would give you a full hot condition.

Bridge Positive - When in this position, and the temperature selector
is in the auto range, the voltage on the positive side of the cockpit
temperature control circuit will be displayed on the tester multimeter.
The voltage should read 14.75 +.75 VDC. This voltage is used as a
reference.

Bridge Negative - This test is similar to the bridge position test,
the differences being that you are checking the negative side of the
cockpit temperature control circuit. Voltage will also be displayed on
the tester multimeter during this check. This voltage should be
11.7 +.5 VDC and will also be used as a reference.

The selector output voltages should be within 2/10 of a volt when
you compare the bridge positive and bridge negative results.
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Also during this test yJu can check the transition of the voltage
between the two references. The voltage should have a smooth transition
between the two references. This will check the selector for opens or
shorts.

Selector output - When the cockpit temp switch is placed in the SEL
OUT position, the voltage from the selector output is displayed on the
tester multimeter. This is a variable voltage taken from between the
bridge positive and bridge negative.

As in the bridge negative test, the voltage should transition
smoothly from bridge positive to bridge negative voltage as the temperature
selector knob is rotated within the automatic range. This portion of the
test will check the selector for evidence of any opens or shorts in the
circuit.

Valve Negative - This check does the same thing that the "valve drive"
test does. The salve drive was the first check we discussed.

In this check the DVM is tied into the circuit. By tying the DVM
into the circuit, you can read the voltage coming from the negative side
of the valve. This reading will tell you how much ioltage remains after
the voltage drop across the motor. This reading should range between
28 to 20 VDC, depending on the position of the valve. A loss of voltage
at this point may indicate a number of malfunctions. (Pg III - 12)

overtempera ture Swi tch

Lo-Act By positioning the overtemp switch in the "Lo-Act" position,
you are checking the 177° position of the cabin temperature thermostatic
switch.

This is accomplished by "shorting" the sensor in the thermostatic
switch. This will decrease the resistance of the thermostatic switch
which will make the bridge circuit in the controller think it is hot in
the duct. You should remember what happens when the thermostatic switch
senses a temperature of 177°F from earlier discussion! You should recall
that by sensing 177°F, the cabin temperature control valve relay will
energize. With the cabin temp control valve energized, what happens to
the cabin temperature control valve? This will cause the valve to close.
This can be checked by monitoring the "tempo" display on the tester.

Lo-Bridge - By putting the "overtemp switch" in the lo-bridge
position, you are tying the DVM into the circuit. This will allow you
to take a voltage reading from the neuive side of the sensor in the
thermostatic switch. Normally this voltage should read 13 to 14 volts.
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OBJECTIVES

Relate eight out of ten bleed air system components to their
operation.

INSTRUCTIONS

This programmed text presents information in small steps called

frames. After each step you are asked to complete a statement,
match some statements, or respond to the information presented in

some other way. Read the material presented and make your response

as directed by the frame. After you have made your response, compare

your answers with the correct answers found on the top of the next

frame. Any time you respond incorrectly, reread the frame to get

the information correctly. Write the correct response next to your
original response and then proceed to the next frame. If necessary

you may go back to check a fact or principle, but do not skip ahead

unless you are told to do so.

Use this simple rule: READ --RESPOND ---CONFIRM--ADVANCE.

YOU WILL not be graded on how fast you complete this material.

You will be tested later on what you have learned.

Supersedes 3ABR42331-PT-206,4 May 1981, which xay be used until

existing stock is exhausted.

OPR: 3370 TCHTG

DISTRIBUTION: X
3370 TCHTG/TTGU-P - 1000; DAV - 1
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Frame 1

The engine bleed air supply system is used to supply hot pressurized
engine bleed air to the cabin air conditioning system, the air condi-
tioning ram airscoop, and engine nacelle anti-icing systems, the
hydraulic reservoirs, and engine starters.

This bleed air is taken from the last stage of engine compression.
The pressure, temperature, and flow of engine bleed air is dependent
upon the engine throttle setting and air demand.

Answer each of the following statements as either true (T) or false (F).

l. Hot pressurized air is taken from the middle stage of the
aircraft's engines.

2. The last stage of compression on the engines provides hot
pressurized bleed air to the cabin air conditioning system.

3. The engine throttle settings will determine the pressure,
temperature and the flow of the bleed air in the system.

3
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Answers to Frame 1: 1. F 2. T 3. T

Frame 2

A ground air cart, the MA-1A, is shown in the sketch below.
It is used to start the planes engines, ground check the bleed air
supply system and ground check the air conditioning system.

The MA-1A is connected to the engine by a ground service receptacle
and this will be explained to you in the next frame.

The sketch shows the ground air cart connected to an aircraft.

c

MA-1A

COMPRESSOR

Answer each of the following statements as either true (T) or false (F).

1. The ground air cart used to start aircraft engines is the

MA-1A.

2. The MA-1A compressor can also be used to ground check both

the bleed air and air conditioning systems.

4
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Answers to Frame 2: 1. T 2. T

Frame 3

ENGINE AIR
W BLEEC SYSTEM

CUCT

O CHECK
VALVE

GROUND SERVICE
RECEPTACLE

°NACELLE
FAIRING GROUND START

CONNECTION
DOOR

The numbered items are in the sketch above.

One bleed air ground service receptacle (#3) is found in the
bottom of each engine nacelle fairing (#4). This receptacle serves
as a quick disconnect to permit a ground air cart to be connected
to the engine bleed air system duct (#1).

The receptacles are identified by the external marking "PNEUMATIC
GROUND CONNECTION" (#5).

A ground service receptacle check valve (#2) is put between
the ground service receptacle and the engine bleed air system duct.

The check valve is used to prevent a reverse airflow in the
system. The check valve will be open if the MA-1A is supplying
air to the engine and will close when the engine starts to supply

the bleed airflow.

Match the number in the sketch with the statement below and place
the number of your choice on the blank line provided.

1. Permits an external air source to be connected to the engine

bleed air system.

2. Installed between the ground service receptacle and the engine
bleed air system duct to prevent a reverse air flow.

3. Must be closed when the engine is supplying the air pressure.

5
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Answers to Frame 3: 1. 3 2. 2 3. 2

Frame 4

1Z WASHER

11 WASHER

ENGINE AIR
BLEED DUCT

GASKET

®BOLT

8 CHECK VALVE

C) DUCT
FLANGE

GASKET

de

ENGINE AIR
BLEED DUCT

ENGINE AIR
BLEED DUCT

NUT

BOLT

GASKET

CHECK
VALVE

Engine bleed air flapper type check valves are installed on
the bleed air system ducting to prevent a reverse airflow within
the system.

During normal airflow, the check valves are in the open position.
If a reverse airflow should start, the check valve will move to the
closed position.
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Frame 4 (Continued)

Note: The sketch shows two check valves installed in the bleed

air system ductinb. Both valves preven a .:z.--41.rse flow of

air in the bleed air system.

The engine bleed air ducts, also shown in the sketch are ad

to convey the bot engine bleed air to it's point of use. Thar ducts

are thin walls-. :ime made of corrosion resistant steel.

Complete *".se following statements by writing in the correct word

oc words.

1. chr-k valves are installed in the engine
bleed air ducting.

2. The bleed air check valves will allow
to f 3W ow. of the engine compressor and will
if air tries to flow intn the engine compressor.

J. The are used to carry the engine
bleed air to its points of use.

4. The bleed ai' ducts are made of thin wal1.1

7
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Answers to Frame 4: 1. Flapper type 2. bleed air - closed
3. bleed air ducts 4. cur!--sion resistant steel

Frame 5

The engine bleed air ducts are supported by either single or
double hinged swinging gate type supports, as shown in the sketch.

The supports allow for a pivoting action to take place during
expansion and contraction of the duct.

TRUNNION BOLT (TYPICAL)
FLANGE
BOLTS

DUCT

DUCT
FLANGE

CLAMP T-BOLT

DUCT CLAMP

SWINGING GM E
SUPPORT BRACKET

Answer each of the following questions as ether true (T) or false (F).

1. The swinging gate type support brackets will allow a pivot
action to take place during expansion and contraction of
the duct.

2. Only a single hinged swinging gate type support is used.

8
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Answers to Frame 5: 1. T 2. F

Frame 6

In addition to the swinging gate support, a bellows assembly
(5) acts as a universal joint to allow for thermal expansion.

In addition, this bellows assembly compensates for twisting
and bending movements of the aircraft structure.

STRUCTURE

BONDING JUMPER

0 BONDING JUMPER

HEAT

0 SHIELD
CLAMP

A-A HEAT
SHIELD

FLANGE

BOLTS

BELLZ.WS

DUCT INSULATION

0 BELLOWS

BELLOWS

FLANGE
GASKET

BOLTS

0 ANCHOR STRAP

-N,

Complete the following statements by placing the correct word or
words in the space provided.

1. The bellows assembly used in the wing ducts compensate
for

2. Engine bleed air ducts are made of

9
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Answers to Frame 6: 1. thermal expansion

Frame 7

Match the component part in column B with the statement in column
A that best describes that part.

2. corrosion resistant steel

Column A

1. Permits an external air source
co be connected to the engine
air bleed system t:uct.

2. Provides hot high presb air

for use by the air condit'dning
system.

3. Used in the wing ducts to com-
pensate for thermal expansion
of the ducts.

4. Will allow hot high pressure
air to flow out of the engine
compressor but will close if
air tries to flow into the com-
pressor.

5. Can be used' to start aircraft
engines or ground check the
bleed air and air conditioning
systems.

6. Allows a pivot action to take
place &ring expansion and
contraction of the duct.

10

Column B

a. Last stage of compres-ion
on jet engine.

b. MA-1A compresar--.

c. Pneumatic ground
connection.

d. Engine bleed air check valve.

e. Swinging gate type support.

f. Bellows assembly
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Answers to Frame 7: 1. c 2. a 3. f 4. d 5. b 6. e

Frame 8

(:)FLANGE

C) GASKET

FLANGE IOUS

OFLANGE
BOLTS

INSULATION

INSULATION
CLAMP

DUCT INSULA1 ION

TORQUE
WRENCH

The engine bleed air ducts are maa in various lengths to make
it easier to remove and replace them.

The illustrations show the bolted flange method of connecting
duct sections together. A gasket is put in between the two parts
of the duct to prevent leakage.

11
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Frame 8 (Continued)

A new gasket that is free of creases, imperfections, and foreign
material should be put in any time a section of duct is installed.

The bolts should be tightened in gradual steps on opposite
alternate diameters with a torque wrench to technical order specifications.

Answer each of the following questions as either true (T) or false (F).

1. For easier removal and replacement, ducts are made in various
lengths.

2. Each time a section of duct is removed and replaced a new
gasket should be installed.

3. A torque wrench should be used to tighten the nuts on the
flange bolts according to technical order specifications.

12
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Answers to Frame 8:'' 1. T 2. T 3. T

Frame 9

Two more ways of connecting ducts together are shown in the sketch.

The Marman Channel Band coupling is used to couple cold air ducts
together in the air cc-iitioning system.

Marman Channel Band Coupling

The Janitrol couplings can also be used to clamp components
of the system to the ducts.

Janitrol Coupling

On both couplings, the nut on the T-bolt should be tightened with
a torque wrench.

Mark the letter in front of your choice.

1. T-bolts on both couplings should be tightened with a/an

a. open end wrench.

b. box-end wrench.
c. socket wrench.
d. torque wrench.

2. The Marman Channel Band coupling is used on

a. hot engine bleed air ducts.
b. cold and hot air ducts.
c. cold air ducts.
d. hot air ducts.

13
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Answers to Frame 9: 1. d 2. c

Frame 10

Engine bleed air ducts in most areas are covered by metal foil
insulation. This insulation is used to cut down heat loss from the
ducts, prevent damage to the structure and equipment next to be
hot air ducts, and help keep them from burning those coming in contact
with the ducts.

The insulation is secured around the ducts with safety wire
lacing as shown in the sketch.

Complete the following statements by writing in the word or words
on the lines provided.

1. placed around the .ducts will
prevent damage to the structure and equipment close to the ducts.

2. is used to secure the insulation
around the ducts.

3. The insulation material used on the hot air ducts is

14
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Answers to Frame 10: 1. Metal foil insulation 2. Safety wire lcing
3. metal foil

Frame 11

Place the letter under each of the following schematics in the
blank space alongside the correct name.

A B

1. Bolted Flange Connection.

2. Merman Channel Band Coupling.

3. V Band Coupling.

15
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Answers to Frame 11: 1. c 2. b 3. a

Frame 12

Engine bleed air for air conditioning and pressurization is
normally supplied by engines 3 and 4 in strut number two. During
an emergency when air is not available from strut number 2, strut
number 3 with engines 5 and 5 will supply the engine bleed air.
The relative positions for the struts and engines mentioned are
shown in the illustration.

STRUT 0 3

ENGINES 5 AND 6 HEAT EXCHANGER

(STRUT NO 21

ENGINES 3 AND 4 ENGINES 1 AND 2 STRUT NO 1

Match the statements in column B to the correct component iy column A.

1. Engines Number 5 and 6. A. Normal source of bleed
air.

2. Strut Number 2.

3. Strut Number 3.

4. Engines Number 3 and 4.

16
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B. Emergency source of
bleed air.



Answers to Frame 12: 1. B 2. A 3. B 4. A

Frame 13

The illustration is a schematic of the bleed air system. Engine
bleed air is taken from the last stage of compression on engines
3 and 4 of strut number two, during normal operation of the air
conditioning system.

This air passes through the precooler in strut number 2 into
the wing manifold and then through the body crossover manifold valve
to the air conditioning package.

During emergency operation of the air conditioning system, bleed
air is taken from the last stage of compression on engines 5 and 6. It
passes through strut number 3 bleed valve into the wing manifold and
then to the air conditioning package. The body crossover valve closes
to isolate the lef- side of the bleed air manifcld.

On the schematic shown below, note the position of the bleed air check
valves, precooler, struts number 1, 3, and 4 bleed valves, and the
body crossover manifold valve.

28

[kit

BLEED
NO. 3
VALVE

BLEED

STRUT
NO. 4

VALVE

VDC

PRECOOLER

LAST STAGE
OF COMPRESSION

1 LEED AIR
VALVES

LAST STAGE
OF COMPRESSION

R-1317
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Frame 13 (Continued)

Answer each of the following questions as either true (T) or false (F).

1. Bleed air for normal operation of the air conditioning
system is taken from the last stage of compression on
engines 5 and 6.

2. Strut number 3 is used to supply an emergency source of
bleed air for air conditioning.

3. The precooler is mounted in strut number two.

18
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Answers to Frame 13: 1. F 21. 3. T

Frame 14

The heat exchanger (precooler),, shown in the sketch is in strut
no. 2. The precooler reduces the engine bleed air temperature from
740°F to a discharge temperature that will not be more than 475°F.

Cooling of the engine bleed air is done by directing the bleed
air through a heat exchanger core whilat ram air is flowing across
the core. This action transfers the heat from the bleed air to the
ram air and then sent overboard.

IMMUMMR

Complete the following statements by writing the correct words on
the lines provided.

1. The precooler is mounted in

2. The precooler transfers the heat of the bleed air to

19
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Answers to Frame 14: 1, strut number 2 2. ram air

Frame 15

The bleed air valves that are installed in struts 1 and 4, as
shown in the sketch, are identical units. They need a combination
of 28 volts for control and are actuated by air pressure.

These valves are solenoid controlled and air actuated. These
valves have a fail safe feature which will cause the valves to close
any time electrical power is lost.

The only time that struts number 1 and 4 bleed valves are opened
are during engine start, or when an operational check of the bleed
air valves is required.

CAUTION!!! Struts number 1 and 4 cannot be used as a source of
bleed air for air conditioning. Both valves are
controlled by the manifold valve switch.

BONDING
JUMPER

ELECTRICAL BLEED VALVE
SOLENOID ooNNicyom ACTUATOR

(PNEUMATIC)

ENGINE AIR
BLEED DUCT

BLEED VALVE

Complete the following statements.

1. Strut number 1 and 4 bleed valves are solenoid controlled
and actuated.

2. Strut number 1 and 4 bleed valves are fail safe

3. Strut number'l and 4 bleed valves when electrical
power is lost.

4. To start aircraft's engines, strut number 1 and 4 bleed
valves are

5. Strut number 1 and 4 bleed valves can be when an
operational check of the bleed valves is required.

20
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Answers to Frame 15: 1. air 2. closed 3. close
4. open 5. opened

Frame 16

The engine bleed air body crossover manifold valve is located
in the left wing bleed air system manifold. This valve is operated
by a 118 volt AC motor.

Thi. Ye is opened to allow engine bleed air to flow from
strut #2 t .Le cabin air conditioning system during normal system
operation. The body crossover manifold valve will also be opened
during starting of the aircraft's engines.

Thc body crossover manifold valve is controlled by the Bleed
Selector Switch or the manifold valve switch.

ENGINE AIR BLEED
CROSSOVER IANIr' LD NG JUMPER.

ENGINE MR BLEED BODY
CROSSOVER MANIFOLD VALVI

BONDING JUMPER

CLAMP

METALFOIL
INSULATION

LECTRICAL
CONNECTOR

Mark the lettc- in front of your choice.

1. The body crossover valve is operated by

a. air pressure.
b. a hydraulic motor.
c. a 24V DC motor.
d. a 118V AC motor.

2. During normal operation of the air conditioning system, engine
bleed air is received from strut number

a. 1

b. 2

c. 3

d. 4
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Answers to Frame 16! 1. d 2. b

Frame 17

StAit number 3 bleed valve is a 118 volt AC motor driven butterfly-
type valve.

The valve is normally closed and can be controlled with either
the bleed selector switch or the manifold valve switch.

The valve is opened for starting engines or to supply emergency
bleed air for the cabin air conditioning system.

ELECTRICAL
CONNECTOR

BONDING
JUMPER

GASKET

DUCT
FLANGE

VALVE
FLANGE

ACCESS
DtOR

OFLANGE
BOLT

® NUT

VALVE

Answer each of the following statements as either true (T) or false (F).

1. strut umber 3 bleed valve is powered by a 118 volt AC

2. Strut number 3 is used to supply emergency bleed air for
the cabin air conditioning system.

3. Strui; number 3 bleed valve is opened to start the aircraft's
engines.

22
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Frame 17 (Continued)

4. To supply emergency bleed air for the cabin air conditioning,
strut number 3 bleed valve must be opened.

3. The manifold valve switch or the bleed selector switch
can control strut number 3 bleed valve.

L:31..
23
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Answers to Frame 17: 1. T 2. T 3. T 4. T 5. T

Frame 18

Match the component parts in column B to the statement that
best describes that part in column A.

Column A

1. Reduces the engine bleed air
temperature from 740°F
to 475°F.

2. Provides an emergency
source of bleed air for air
conditioning system
operation.

3. Will be opened to start
aircraft engines and provide
the air conditioning system
with bleed air from the normal
source.

4. Is used as the normal source
of bleed air for air conditioning
and pressurization.

5. Will be opened only to start
aircraft engines.

6. Will be opened to start
aircraft engines or supply
emergency blecl air for
cabin air conditioning.

24
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Column B

A. Strut No. 2

B. Strut No. 3

C. Precooler

D. Struts No. 1 & 4
bleed valve

E. Body crossover
manifold valve

F. Strut No. 3 bleed
valve



Answers to Frame 18: 1. C 2. B 3. E 4. A 5. D
6. F

Frame 19

The manifold valve switch, in the illustration, is used to open
all the bleed air valves only during engine starting.

MANIFOLD VALVE SWITCH

Complete the following statements by filling in the blanks provided.

1. The manifold valve switch has two positions and

2. Lifting the cap and pressing the manifold valve switch to the
open position will open the body crossover valve, strut No. 3
bleed valve, and struts and

3. The manifold valve switch is used

25
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Answers to Frame 19: 1. open, doge 2. 1, 4

3. during E_gine start

Frame 20

PRESSURE

REL EASE
SWITCH

CABIN PRESSURE (AIR CON-
MOONING) MAST ER SWITCH

AISLE STAND PANS

EED SELECTOR SWITCH

The engine bleed air system controls also consists of a cabin

pressure master awite' and a bleed selector switch as shown in tie

sketch above. The c pressure master switch has four positions:

FAN, OFF, 7.45 psi, a.1 COMBAT 4.50 psi.

The bleed sele...tor switch has two positions, NORMAL and EMERGENCY.

The position of the bleed selector switch determines the availability

of the engine bleed air from either strut numbar 2 or 3 for air

conditioning and pressurization.

Answer each of the following statements as either true (T) or false (F).

1. The four positions on the cabin pressure master switch

are ram, Off, 7.45 psi, and Combat 4.50 psi.

2. The two positions on the bleed selector switch are Normal

and emergency.

3. The availability of engine bleed air from either strut

number 2 or 3 is determined by the position of the blued

selector switch.
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Answers to Frame 20: 1. T 2. T 3. T

Frame 21

Using the switch position table shown below, complete each of
the following statements.

SWITCH POSITION

AIR ROUTE

dot.-----

CABIN

P"ESSWIE
MASTEN

SWITCH

'MANIFOLD
VALVE
SWITCH

-11nr.
m

.M.EE13'''''':

SELECTS*
SWITCH

Oly strut to
III oth
Outs

.

No. 3 strut
p oir cond-

Tilening peck

No. 2 strut
r to air cond.
r Dimling pack

Individual
'strut only

RAM or
OFF

7.45 PSI or
COMBAT
4.5 PSI

7.45 PSI or
COMBAT
4.5 PSI

RAM or

OFF I

OPEN

.

CLOSED

CLOSED

CLOSED

,

NORMAL or
EMERG

EMERG
' h

,

NORMAL

..,

NORMAL or

EMERG

CAUTION
To prevent emissive bleed air manifold tomperstures
which could molt in o firs hazard, do not operate any
engines other then No. 3 or 4 above 110% rpm with the
manifold valve switch open.

-*Do not szceed 246* C (475' Fl when operating engine No.
5 or6 with MANIFOLD VALVE switch in CLOSE position
and BLEED SELECTOR switch in EMERG posi'' .

1. To get air from strut number 2 the air conditioning system,
the mi.ifold valve switch is closed, the bleed selector
switch will be in the position, and
the cabin pressure masterrwitch Nail i in the 7.45 or
6.50 psi position,

2. To get air to go from any strut to all the other struts
during engine starting, the cabin pressure master switch
is in the OFF or RAM position, the manifold valve switch
is in the position and the
blsed selector switch will be in normal or emergency.

27
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Auppers to Frame 21: 1. NORMAL 2. OPEN

Frame 22

Using the switch position chart as a guide, write down the bleed
air system control positions for each of the following situations.

SWITCH POSITION

'I''"

MR ROUTE

CABIN
PitESSURE
MASTER

SWITCH

4

MANIFOLD
VALVE
SWITCH

' t

KEES
SELECiel

SWITC11$ .

..

Say strut to RAM or OPEN

.

NORMAL of
Alli other OFF EMERG
*tuts

Ile. 3 strut 7.45 PSI or CLOSED EMERG
10 air cond. COMBAT
Itioning pock 4.5 PSI

o. 2 strutt
air cond.

itioni g pock

7.45 PSI or
COMBAT
4.5 PSI

CLOSED NORMAL

loilividual RAM or CLOSED NORMAL or

strut only OFF EMERG

CAUTION
To prevent excessive bleed air manifold temperatures
which could result in a fire hoard, do not operate any
engines other than No. 3 or 4 above NW rpm with the
monifold valve switch open.
Do not exceed 246' C (475' F) when operating engine No.
5 or 6 with MANIFOLD VALVE switch in CLOSE position
and BLEED SELECTOR switch in EMERG position.

1. To start aircraft engines with a groun_l cart connected to
strut No. 2 the'switch positions will be:

a. Cabin Pressure Master Sw.

b. Manifold Valve Sw.

c. Bleed Selector Sw.

2. To get bleed air for the air conditioning system, from the
normal source the switch positions are:

a. Cabin Pressure Master Sw.

b. Manifold Valve Sw.

c. Bleed Selector Sw.
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Frame 22 (Continued)

3. To get bleed air for air conditioning from the emergency source
the switch positions are:

a. Cabin Pressure Master Sw.

b. Manifold Valve Sw.

c. Bleed Selector Sw.
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Answers to Frame 22: 1. a. RAM or OFF b. OPEN c. NORMAL or EMERGENCY
2.! a. 7.45 psi or Combat 4.5 b. CLOSED
c. NORMAL
3. a. 7.45 psi or Combat psi b. CLOSED

c. EMERGENCY

Frame 23

A manifold air temperature indicator and sensing bulb, shown
in the sketch indicates the air temperature in the bleed air system.
The indicator is scaled in degrees from -20° to +300°C (-4° to +575°F)
and is red lined at 246°C (475°F) for maximum operating temperature.

Resistance of the temperature bulb varies with temperature changes.
The indicator, is located on the copilot's auxiliary side panel
and the manifold air temperature bulb is located in the enRine air
bleed supply system duct.

ae
MANIFOLD MINUTIA!. INDICATOR

FROM ALTERNATE
MR BLEED SOURCE

MANIFOLD AIR
TEMPERATURE
SENSIN4 BULB

TO AIR
CONDITIONING
PACK

HOT AIR'
DUCT

FROM NACELLE
NO. 2

Answer each of the following statements as either true (T) or false (F).

1. A naniiwld air temperature indicating system is used to
indicate the air temperature in the bleed air system.

2. the indicator is red lined at 246°C.

3. The temperature of the air flowing through the ble air
system will vary the resistance of the sensing bulb.
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Answers to Frame 23: 1. T 2. T 3. T

Frame 24

Ubing the illustration as a guide, trace the electrical circuits
and complete the following statements by placing the word or words
in the blank spaces that would make the statement true.

118VACOC

MANIFOLD
VALVE
SWITCH

C

0

OP EN--"-

OPEN

alb 28VDC
STRUT #4 STRUT DI
BLEED BLEED
VALVE VALVE

0 EN
CLOSE

STRUT #3
BLEED VALVE

11-13111

1. Strut No. 1 and Strut No. 4 bleed valves are supplied with
volts.

2. The body crossover manifold valve and strut No. 3 bleed
valve are supplied with volts.

3. When the manifold valve switch is placed in the open
position, all the air valves will open.

4. If the open wire indicated by the symbol 0 existed

in the electrical circuit, both Strut No. and

Strut No. bleed valves will not open.

5. If the open wire indicated by the symbol (2) existed
in the electrical circuit the

valve will not open.

6. If the open wire indicated by the symbol 0 existed

in the electrical circuit

bleed valve will not open.
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Answers to Frame 24: 1. 28 2. 118 3. bleed 4. 1 and 4

5. Body crossover manifold
6. Strut No. 3

Frame 25

Using the illustration shown as a guide, trace the electrical
circuits and complete the following statements by placing the word
or words in the blanks spaces that would make the statement true.

CABIN PRESSURE
MASTER SWITCH

118 V ACOC

MANIFOLD
VALVE
SWI CH CLOSE

28VDC

PEN

t-A-AT
STRUT #4 STRUT tit
BLEED BLEED
VALVE VALVE

32
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CLOSE

STRUT tt3
BLEED VALVE

BODY
CROSSOVER
MANIFOLD
VALVE



Frame 2., (Continued)

4111
1. When manifold valve switch is placed in the closed position,

all the air valves will close.

4111

4110

33
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2. If the open wire indicated by the symbol
(;) existed

in the electrical circuit, Strut No. 3 blee valve will
not .

3. If the open wire indicated by the symbol 0 existed
in the electrical circuit the

valve will not close.



Answers to Frame 25: 1. bleed 2. close 3. body crossover
manifold

Frame 26

With the switches an the circuit shown in the following positions,
complete each statement written below with the word or words that

will make each statement true.

NAM

OFF

7 43
50

CABIN PRESSURE
MASTER SWITCH

Bin
SELEC;OR

NORMAL

I1B if AOC

EMERGENCY

MANIFOLD
VALVE
SWITCH CLOSE

OPEN

34
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OIEN
CLOSE

STRUT #3
BLEED VALVE

BODY
CROSSOVER
MANIFOLD
VALVe



Switch Positions:

Manifold Valve
Switch - Closed

Cabin Pressure
Master 9w.
.45 psi

Bleed Selector
Switch Normal

1. Strut No. 3 bleed valve will be

Frame 26 (Continued)

2. The body crossover manifold 7;:1ve will be

3. With the body cros: r r val-L open, hot high pressure air
will be received from Strut No.

4. If the open electrical circuit indicated by the symbol(
existed, the body crossover manifold valve would no op

when the switch was
positioned to normAl.

5. If the open electrical circuit indicated by the symbol(3)
existed, the

valle would not open when the bleed
selector switch was in the open position.
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An .4ers to Frame 26: 1. closed 2. open 3. two
4. bleed selector 5. body crossover manifold

Frame 27

With the switches in the circuit shown in the following positions,
,omplete each statement written below with the word or words that
make each statement true.

6.7-15
118VACOC

CABIN PRESSUPE
MASTER SWITCrI

BLEED
SEtt
SWITCH

L NORMAL

CLOSE 9
EM`RGENCY

MANIFOLD
VALVE
SWITCH

L
CLOSE

OPFN 0 EN
CLOSE

OPEN STRUT #3
BLEED VALVE

36
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Frame 27 (Continued)

Switch Positions:

ManifoId Valve
Sw- - -Closed.

Cabin Pressure
Master Sw- - -

7.45 psi
Bleed Selector
Sw- -Emergency

1. With the switch positions shown above, Strut No. 3 Mewl
valve will

2. With the switch positions shown above, the body crossover
manifold valve will

3. I. the open wire indicated by the syrobnl 0 existed,
in the electrical circuit, the

valve will not close.

4. If the open wire indicated by the symbrl
2 Q

existed
in the electrical circuit, the Strut No. 3 eed valve
will not .
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Answers to Frame 27: 1. open 2. close 3. body crossover manifold

4. open

Frame 28

Using the illustration shown as a guide, complete each of the
following statements with the word or words th t will make each

statement true.

6-7-0
118VACIBC

CABIN PRESSURE
MASTER SWITCH

NORMAL

CLOSE

MANIFOLD
VALVE
SWITCH

OPEN

15-11) 28VDC

STRUT #4 STRUT
SLEET) BLEED
VALVE VALVE

OPEN

CLOSE

STRUT #3
BLEED VALVE

BODY
CROSSCVER
MANIFOLD
VALVE

1. If the open electrical circuit indicated by circle (I)
was in the circuit, both Strut No. 4 bleed valve and

Strut No. 1 valve would not

3b
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Frame 28 (Continued)

2. If the open circuit indicated by circle v and the
manifold valve switch were placnd in the open position,
StLut No. 3 bleed valve would not

3. If the open electrical circuit indi-sted by circle (5)
was in the circuit, Strut No. 3 bleed valve will not

when the bleed selector switch was in the
normal position.

4. If the open electrical circuit indicated by circle (E)
was in the circuit, the body crossover manifold valve
would not with the bleed selector switch in
the normal position.

Answers to Frame 28:

1. Open
2. open
3. close
4. open
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Environmental Pneudrauiics Branch C3ABR42331-WB-207A
1111 Chanute AFB, Illinois

BOMBER AIR CONDITIONING SYSTEM TROUBLESHOOTING

OBJECTIVE

Using a multimeter and wiring diagram, troubleshoot the cabin air
conditioning system trainer, locatiug a minimum of 5 out of , troubles
correctly.

EQUIPMENT

Trainer 3018, Bomber t'r Conditioning
Multimeter

PROCEDUIZ

1. Remove all of yo,Ar jewelry. Report to the lab instructor and
inform him of the lesson on whicn you are working. The instructor will,
assign you to a t, finer and provide the necessary materials.

2. This workbook is presented in two sections. Section 1 is to
familiarize you with the components of the bomber air conditioning system
and prepare you for performing the operational check and troubleshooting.
Section 2 contains the steps for operational checking these systems and
the malfunctions that you are to troubleshoot. Perform each step as
directed on the following pages.

Note: Be sure you signed out a PSM-37 multimeter and (1) pair of
alligator leads from the storage locker.

1
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Figure 1. 1. Bomber Air Conditioning.
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SECTION 1. BOMBER AIR CONDITIONING SYSTEMS COMPONENTS

1. Location and identification of system components.

a. Using the trainer and the illustration in figure 1, locate each
of the numbered items. Write the name of each of these numbered items
in the blank spaces below. AS you locate each component, notice the check
point near the component that is used for checking the electrical circuitry.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(9)

(10)

(11)

(12)

(13)

(14)

Compare your answers to those on the following page.

3
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Answers to location and identifica-ion step la.

(1) #1 and #4 Strut Bleed Valve.

(2) #3 Strut Bleed Valve.

(3) Body Crossover Valve.

(4) Air Conditioning Shutoff Valve.

(5) Hot Air Modulating Valve.

(6) Park Anti-ice Valve.

(7) Ram Air Scoop.

(8) Temperature Control Box.

(9) Duct Temperature Sensor.

(10) Cabin Temperature Sensor

(11) Dump Control Valve.

(12) Altitude Pressure Switch.

(13) Landing Gear Squat Switch.

(14) Anti-ice Sensor Rheostat.

b. Using the trainer and figure 2, locate each of the numbered
items. Write the names of each item in the blank spaces. As you locate
the items notice the check point for checking the electrical circuit.

(1)

(2)

(3)

(4)

(5)

Compare your answers to those on the following page.
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Answers to location and identification step lb

(1) Temperature Control

(2) Pressure Release Switch

(3) Bleed Selector Switch

(4) Manifold Valve Switch

(5) Cabin Pressure Master Switch

2. Trainer Preparation

a. Place all trouble switches to the OUT position. These switches

are located at the left end of the trainer.

b. Place the following switches to the normal positions as listed

below.

(1) Cabin Pressure Master Switch OFF

(2) Manifold Valve Switch CLOSED

(3) Bleed Selector Switch NORMA'

(4) Temperature Control Switch OFF

(5) Pressure Release Switch RESET

(6) Landing Gear Squat Switch AIRBORN

c. Place the trainer power switch to the ON position. This switch is

located on the upper left side of the trainer.

3. Trainer operation

a. During the following steps you will operate each component of the

bomber air conditioning system. When a switch is actuated be sure to notice

which of the valves operate and the valve position. Actuate each switch as

directed. From your observation of the trainer operation, complete each of

the statements by circling the correct word.

STEP 1. Bleed air for engine start only

(1) Manifold valve switch OPEN

(a) #1 and #4 Bleed valve (energizes/deenergizes)

Note: Remember this step. Since we do not hav° air flow through
the system you cannot observe the operation of 1 and 4 Strut Bleed

Vr' 2S. However, you can check to determine if the solenoid is

energized as follows: Remove the AN connector by unscrewing it
from the solenoid valve. As you remove the connector you should
hear an audible click as the solenoid is deenergized. Try this

several times to be sure you rec^gnize the audible sound of the
solenoid energizing and deenergizing.

6



(b) Body crossover valve (opens/closes)

(c) #3 Strut bleed valve (opens/closes)

(2) Manifold valve switch CLOSED

(a) #1 and #4 Bleed valve (energizes/deenezgizes)

(b) Body crossover valve (opens/closes)

(c) #3 Strut bleed valve (opens/closes)

(3) If the valve or valves fail to operate, it indicates a defective

valve(s) or an open electrical circuit.

STEP 2. Cabin air conditioning system

(1) Cabin pressure master switch 7.45 or 4.50

(a) Body crossover valve (opens/clf es)

(b) 9f3 Strut bleed valve (opens/closes)

1011 (c) Air conditioning shutoff valve (opens/closes)

(2) If the valve or valves fail to operate, it indicates a defective

valve(s) or an open electrical circuit.

STEP 3. Cabin temperature control system; manual operation

(1) Place the cabin temperature control switch to MANUAL COOLER.
The modulating valve (opens/closes)

(2) Place the cdb!n temperature control switch to MANUAL WARMER.
The modulating valve (r1, ns/cioses)

(3) If the modulating valve fails to operate it indicates that
the valve is defective or there is an open in Oe 28 VDC electrical circuit.

STEP 4. Cabin temperature control system; automatic operation

(1) Place the cabin temperature control switch in the 20°F
position. The modulating val e (opens/closes)

(2) Place the cabin :emperature control switch in the 100'F
position. 1hP modulating valve (opens/closes)

;3) If the automatic temperature control system fails to openite,
this indicates an open in the 118 VAC power circuit to the control-er.

7
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STEP 5. Bleed selector switch

the same)

(1) Place the bleed selector switch to the emergency posi±ion

(a) #3 strut bleed valve (opens/closes)

(b) Body crossover valve (opens/closes)

(c) Air conditioning shutoff valve (opens /closes / remains

(2) Place the bleed selector switch to the normal position

(a) #3 strut bleed valve (opens/closes)

(b) Body crossover valve (opens/closes)

(c) Air conditioning shutoff vale. (opeds/closes/remains
the same)

STEP 6. Pressure release operation

(1) Place the pressure release switch to the DUMP position

(a) Cabio air conditioning shutoff valve (opens/closes/
remains the same)

the same)

position.

(b) Pressure dump control valve :olenoid (energizes/deenergizes)

'2) Place the pressure release switch to the RESET position

(a) Cabin air conditioning shutoff valve (opens/closes/remains

(b) Pressure dump control valve solenoid (energizes/deenergizes)

(3) Place the cabin pressure master switch to the ram position

(a) Cabin air conditioning shutcff valve (opens/closes)

(b) Body crossover manifold valve (opens/closes)

(c) Pressure dump contzol valve solenoid (energizes/deenergizes)

(d) Ram air scoop (opens/closet

(4) Place the cabin pressure master switch to the 7.45 or 4.50

(a) Cabin air conditioning shutoff valve (opens/closes)

(b) Body crossover manifold valve (opens/closes)

(c) Pressure dump control valve solenoid (energizes/deenergizes)

(d) Ram air scoop (opens/closes)

(5) Place the landing gear squat switch to the "Ground" position

(a) Pressure dump control valve solenoid (energizes/deenergizes)

(6) Place the landing gear sauat switch to the Airborn position
8
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(a) Pressure dump control valve solenoid (energizes/deenergizes)

STEP 7. Pack anti-icing system operation

Note: The anti-ice sensor rheostat, located near the water separator
is used to simulate a temperature change around the sensor.

position.

(1) Rotate the anti-icing sensor rheostat to the full clockwise

(a) Pack anti-icing valve (opens/closes)

(2) Rotate the anti-LAAg sensor rheostat to the full counter-
clockwise position.

(a) Pack anti-icing valve (opens/closes)

Note: The altitude switch, located in the upper right portion of
the trainer is used to simulace altitudes above -end below 36,000
feet.

(3) Place the altitude switch to tte ABOVE 36,000 feet position

(a) Pack anti-icing valve (opens/closes)

(b) Water separator bypass valve solenoid (energizes/deenergizes)

(4) Place the altitude switch to the BELOW 36,000 feet position

(a) Pack anti-icing valve (opens/closes)

(b) Water separator bypass valve solenoid (energizes/deenergizes)

COMPARE THE ANSWERS THAT YOU HAVE SELECTED TO THOSE GIVEN BELOW.

'answers to trainer operation statements.

STEP 1. (1) enerlzize

open
open

(2) deenergizes
close
close

STEP 2. (1) 'pen

close
open

1111 STEP 3. (1) close
(2) open

STEP 4. (1) close
(2) open

9
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STEP 5. (1) opens
closes

remains the same

193

(2) closes
opens

remains the same



STEP 6: (1) remains the same STEP 7: (1) close

energize
(2) open

(2) remains the same
deenergize (3) close

energize
(3) closes

closes (4) open
energize deenergize
open

(4) open
opens
deenergize
closes

(5) energize

(6) deenergize

10
191



CABIN TEMPERATURE
REGULATOR

D

DIs

SLOW FAST

[ -IDUCT TEMP SENSOR

R21

CABIN SENSOR

The bridge circuit outside the cabin temperature regulator isshown above.

Note: The causes for a "Full Auto Hot" or "Full Auto Cold"
will only be found in the bridge circuit.

Figure 3.

11
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4. Sensor Resistance

a. Knowing the normal resistance value of the sensors will be

helpful when troubleshooting. This is determined by referring to the

technical order or by measuring a sensor that is known to be good.

b. To measure the resistance of the cabin and duct sensors,

disconnect the lower AN connector on the temperature regulator as shown

in figure 3. This is the AN connector nearest to the trainer. In

figure 3 the AN connector i' shown in four separate illustrations;

A, B, C, and D. This is done to make it easier for you to see how to

check the sensor circuit. Keep in mind that this is ONE connector.

Note: When checking resistance of the sensors, make sure the
trainer power is off and you have the meter on ohms. When

checking the cabin sensor, set your range selector to RX100 and
when checking the duct sensor, set your range selector to RX10.

Be sure you zero you-_ meter before making any resistance checks.

c. Illustration A ia figure 3 shows where to connect the meter

for reading cabin sensor resistance. Check this resistance. Record

the reading in the space below. Using illustrations B and C, measure

the resistance of the duct sensor. Record your readings in the spaces

below.

CABIN SENSOR resistance
SLOW DUCT SENSOR resistance
FAST DUCT SENSOR resistance

ohms.

ohms.

ohms.

d. Ask the lab instructor for the ambient temperature. °f.

e. Now that you have completed your sensor resistance check,

you need to determine if the resistance is correct. Normally this

is done by referring to temperature-resistance graphs 4n the applicable

aircraft technical order. However, we have reproduced these graphs

for you to use. Figure 4 is the temperature-resistance graph for the

cabin sensor and figure 5 is the temperature-resistance graph for the

duct sensor. Using these graphs, determine if your sensor resistance

readings are correct.

12
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Figure 4. Cabin Temperature Sensing Element Resistance.

f. Instructions for using the CABIN temperature sensor resistance
graph.

Locate the vertical lines for ambient temperature. Follow this line
up tc, here it meets the minimum line. Then follow the horizontal
lines to the left to determine the resistance in OHMS. The-measured
resistance should be within this range.

EXAMPLE: If the temperature is 64°F then the resistance should be
between 1500 and 1875 ohms.
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Figure 5. Duct Temperature Sensing Element Resistance.

g. Instructions for using the DUCT temperature sensor resistance
graph (figure 5.)

Locate the vertical lines for ambient temperature. Follow this line
up to where it meets the minmum line. Then follow the horizontal lines
to the left to determine the resistance in OHMS. The measured resistance
should be in this range. The fast and slow sensors should be the same.

EXAMPLE: If the temperature is 70°F, then the resistance should be
between 96 and 114 OHMS.
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5. Rheostat Resistance

a. Illustration D in figure 3 shows the pin connections for checking
the temperature control rheostat. Place the meter leads in pins J and I,

then rotate the temperature control rheostat from 20°f to 100°f. The pointer

on the meter will move from left to right indicating that the temperature
control rheostat is operating properly.

b. Set the temperature control rheostat at 70°f. Read the resistance

and record your reading below.

Temperature control rheostat resistance ohms.

c. You should have read between 300 and 500 ohms.

Note: If your readings were all correct, then continue to the
operational check. If your readings were incorrect, then ask

the instructor for assistance.

SECTION 2. BOMBER AIR CONDITIONING SYSTEM
OPERATIONAL CHECK AND TROUBLESHOOTING

OPERATIONAL CHECK

1. The steps that you performed in paragraph 3a of Section 1 involved
operating each component in the bomber air conditioning system. They

determined if each component was operating properly and are called operational

checks.

2. Chart 1 on the next page formalizes the procedures for performing
operational checks in outline form. To insure that you are familiar
with this procedure, turn the trainer power switches ON and perform
each of the steps. After you are sure you understand the operational
check procedure, then continue to the troubleshooting part of this lesson.
You will be required to perform a complete operational check for each
trouble.

15
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Positioning the control device Operating Valve Valve Position

Manifold Valve switch OPEN All Bleed Valves

Manifold Valve switch CLOSED All Bleed Valves

Cabin pressure master switch
7.45 or 4.50 position

Body crossover valve
Air conditioning shutoff
valve

Place the temperature control
switch to MANUAL COOLER Modulating valve

Place the temperature control
switch to MANUAL WARMER Modulating valve

Place the temperature control
to AUTO 20'F Modulating valve

?lace the temperature control
to AUTO 100.F Modulating valve

Place bleed selector to the
EMERGENCY position

N3 strut bleed valve
Body crossover valve

Place bleed selector to the
NORMAL position

#3 strut bleed valve
Body crossover valve

Place the pressure release
switch to DUMP

Pressure dump control valve

OPEN

CLOSED

OPEN
OPEN

CLOSED

OPEN

CLOSED

OPEN

OPEN
CLOSED

CLOSED
OPEN

ENERGIZE

Place the pressure release
switch to RESET

Pressure dump control valve DEENERGIZE,

Place the cabin pressure master
switch to RAM

Place the cabin pressure master
switch to 7.45 or 4.50

Air conditioning shutoff valve
Pressure dump control valve
Ram air scoop

Air conditioning shutoff valve
Pressure dump control valve
Ram air scoop

CLOSE
Energize
OPEN

OPEN
DEENERGIZE
CLOSE

Place landing gear squat switch
to GROUND position Pressure dump control valve Energize

Place landing gear squat switch
to AIRBORN position Pressure dump control valve Deenergize

Rotate sensor rheostat full
CLOCKWISE Pack anti-icing valvl

Rotate sensor rheostat full

COUNTERCLOCKWISE Pack anti-icing valve

Place altitude switch to
ABOVE 36,000 feet Pack anti-icing valve

Place altitude switch to
BELOW 36,000 feet Pack anti-icing valve

CLOSE

OPEN

CLOSE

OPEN

Chart 1. Operational Check Procedure Chart.
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Troubleshooting

1111
1. For each trouble, perform an operational check to deter-

mine the malfunctioning component. After you determine the malfunction,
then place a statement in the "discrepancy" block of the attached
troubleshooting answer sheet, that describes the malfunction.

2. Using a waxed pencil, trace the electrical circuits that
operate or control the malfunctioning component.

3. Use the multimeter to locate the cause of the trouble.

Note: When measuring voltage, be sure the meter is set to the
correct voltage range. Make sure that you have the negat'ie (black)
lead to ground. Ground on the trainer is located to the left of the
AN/PSM-6 multimeter bracket. When checking the manual control
system, be sure to hold the temperature control switch to either
cool'r or warmer. When measuring resistance, be sure the trainer
power switch is OFF, and the meter is set at ohms. Use the OHM
portion of the multimeter only to check sensors and their circuits.

4. Record the cause of the trouble in the corresponding cause
block of the troubleshooting answer sheet.

5. The trouble switch that you are to use for each problem is
listed on the top line of the discrepancy block. There are 17 problems
for you to troubleshoot. We will go through number 1 to show you how
to arrive at the correct answer.

Note: During this exercise you will not use trouble switches
numbered 2, 13, 17. Since this trainer does not have check
points for the valves, it will be necessary to remove the
electrical connector from the components in order to check for
power with your meter.

TROUBLE NUMBER 1

1. Place number 1 trouble switch to the IN position.

2. Ferform an operational check, using the operational check

procedure chart.

3. As you went through the operational check you found that the
air conditioning shutoff valve did not open. This means that no
conditioned air was available when the master switch was put to the
7.45 or 4.50 position. Make the following statement in the dis-
crepancy block of the troubleshooting answer sheet for trouble
switch No. 1.

"Air conditioning shutoff valve will not open when the master
switch was put in the 7.45 or 4.50 position."

4. The first step would be to determine which valve or valves
would give you this condition. Moving the cabin pressure master switch
to the 7.45 or 4.50 position, the cabin air conditioning shutoff
valve should have moved to the OPEN position, but you will notice that
it does not. Trace the circuit that would be affected.
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291



5. When tracing the circuit you will notice that it requires
118 VAC to operate the cabin air conditioning shutoff valve. Check

the AC power with the raultimeter. Make sure your meter is set for
the correct voltage. Your first check on the trainer will be at
P-1772 point "G." You should read 118 VAC. Second, you check at
point J on P-1773, you should read 118 VAC. Now remove the electrical
connector from the cabin air conditioning shutoff valve. Check voltage

at pin "B." You will notice that there is no voltage at this point.
This would mean that you have an OPEN in wire H11B20V.

6. Record your findings in the cause block of the troubleshooting
answer sheet. Open in wire H11B20V.

7. See your instructor.

Note: OMIT PROBLEMS 2, 13, 17.
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Information on the purpose sad operation of the bomber air conditioning
s7tem components and the procedures for you to follow ate contained in this
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Pay close attention to all instructions that are given to you in this
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instructor. There are five exercises in this workbook. Each has to do with
a different circuit. Unfold and refer to figure 1 located in the back of this

workbook. The circuits you are to trace are listed on page 14. The color
code you hre to use for tracing each circuit is shown in the block before
each circuit. The wiring diagram used in this project is the same one you
will use for troubleshooting this system on the trainer. If you don't
understand the circuit after tracing., check with the instructor.

Note: In this diagram we are tracing current from the circuit
breakers to the component's ground. Tra is not the way c'*rrent
flows, but it is the easiest because of so many ground points in
the diagram. Actually this is the opposite of electron flow.
REMEMBER this note when using any wiring diagram.

Section 1. BOMBER AIR CONDITIONING SYSTEM WIRING DIAGRAM
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air conditioning system.
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TRACING POWER

Remove figure 1 from your workbook. Using your purple pencil, trace the
power circuits of the bomber air conditioning system. Start with e cabin
emergency ram air control c'rcuit breaker located at the upper left corner of
the circuit diagram. From there, trace current flow over wire H1A2O to pin E
on connector P-1772. Then current flows from pin E of P-1772 to contact lever
(1) of the cabin pressure master switch and stops. Before continuing, let's
discuss the cabin pressure master switch. All the sections (1 through 6)
shown on the diagram are part of the one cabin pressure master switch located
in the cockpit. This switch is called a wafer switch. As you can see by the
dotted line, all sections are linked together. This dotted line represents
the shaft which goes through the center of the switch and on which the contacts
are mounted. Therefore, when 'me of the contact levers is moved to a certain
position, all of the levers mive to the same respective position. This cabin
pressure master switch, with its four positions-- ram, off, 7.45, and 4.50,
is used to direct the current to tLe various valve motors and relays used to
control the engine bleed air, cabin pressurization, and air conditioning systems.

Now, let's return to tracing the power circuits. Move over to the 118 VAC
circuit breaker--it is located in the upper middle section of the diagram to
the left of the ram airscoop relay. Current flows from the circuit breaker
over wire H1E2OV to the contact lever on the ram airscoop relay. Next, move to
the No. 1 and No. 4 bleed valve circuit breaker located at the left side of the
diagram.

This circuit breaker is labeled right TR bus, struts 1 and 4 bleed valves.
The TR stands for transformer rectified. This means the voltage is 28 VDC.
Continuing with your purple pencil, trace the path of current flow from the
circuit breaker over wire H2A20 to the top contact lever of the manifold valve
switch and stop. Note: The manifold valve switch has three contact levers.

Continuing down the bus bar, trace current from the struct No. 3 and body
crossover valves circuit breaker on wire H3A20V to the middle and bottom contact
levers of .he manifold valve switch and stop.

.ow move to the cabin Aditioning shutoff valve cirt-xit breaker,
3abeled 118 VAC. Current from the circuit breaker over wire H9A20V to
pin G on connector P-1772. Current then continues on wire H9B2OV to the
contact lever (4) of the cabin pressure master switch.

Next, move bank to the uhin air conditioning controller circuit breaker
marked right TR' ,s. Once again, this means 28 VDC is used for this circuit.
From this circuit breaker, current flows over wire H12A20 and H14A20 to nin C
on connector P-1771. Current "taps oft" this wire between the circuit breaker
and connector P-1771 and flows over wire H13A20 to the landing gear a- ..3t
relay and stops.

Current continues from pin C on wires H14820 and H14C20 to the contact
lever (5) on the cabin pressure master switch and stops. Again, current
"taps off" this wire and flows down the bus bar to wires MA20 and H15B20.
From here, current flows to both the pressure releas( switch on wire H15A20 and
to the cabin pressure master switch contact lever 6 on wire H15B20 and stops.

3
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Now we move down to the cabin air conditioning temperature regulator
circuit breaker marked 118 VAC. Current flows from here over wire H21A20V
to point A2 on the temperature control relay and stops. Your next power
circuit is from the 3-phase circuit breakers marked 118/205 VAC located in
the lower left portion of the diagram. There are three of these circuit
breakers. Current flows from each one to points B2, C2, and D2 on the open
relay and stops.

Now that you have traced in your power circuits, you are ready to find
out how the system operates.

Exercise 1

Fill in the blanks.

1. The bomber air conditioning and pressurization electrical systems utilize

Loth and current.

2. The cabin pressure master switch has sections and
positions.

3. The four positions of the cabin pressure master switch are

, and

4. Current from a circuit breaker marked TR BUS is current.

5. When one contact lever of the cabin pressure master switch is moved to a

certain position, they all move to the

6. Struts 1 and 4 bleed valves require (28 VDC/118 VAC) for
operation.

7. The manifold valve switch has contact levers.

8. Current for operating the cabin air conditioning system is controlled by

the switch.

9. Current used for operating the cabin air conditioning shutoff valve is

(28 VDC/118 VAC).

Check with your instructor for the correct answers.
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Section 2. ENGINE START CIRCUITS TRACING

Remember, the engines must be operating before you can have a source
of bleed air for normal operation of the air conditioning and pressurization
systems. Use your RED pencil to trace the engine start circuits.

To begin, find the manifold valve switch on figure 1 and draw the three
contact levers of the switch to the up or open position. After this is done,

you should notice that Dower is removed from wires H8A20V and H6A20V. This,

in turn, removes power from two sections of the cabin pressure master switch,
sections 2 and 3. With the contact levers up, current flows across the top

lever and over wire H2B20 to both number 1 and 4 strut bleed valves. Although

these are air pressure actuates valves, they are controlled by a solenoid.
This means the valves are actuddly moved by air, but the solenoid controls
the air applied to the valve.

As you can see, it takes both air pressure and 28 VDC to open these valves.
Now, let's continue with the next part of the engine starting circuit. Current

flows across the middle contact levers, over wire H4A20V to pin B on connector
P-1772. From here, current flows along wire H4B20V, through the bleed selector
switch, which is in the normal or down position, and out this switch on wire
H5C2OV to pin H on connector P-1773. From pin H on connector P-1773, current
flows along wire H5E2OV to pin B on the body crossover manifold valve. It

continues through the valve motor and out pin C cm wire H42A20N to ground.
This valve will run open. 'o to the bottom contact lever of the manifold valve
switch. Current flows along wire H7A20V through the connectors and over to pin
B on the strut number 3 bleed valve out pin C to ground. You now have number 1

and 4 strut bleed valves open, the body crossover manifold valv- open, strut
number 3 bleed valve open, and you are ready to &cart the eng as. Take a good

look at the circuits you have traced so far. You can see that you are ready to
operate the air conditioning system from engine bleed air.

NORMAL SOURCE OF AIR CONDITIONING

Now, use your green pencil to trace the normal course of air circuit.
First, draw the manifold valve switch to the closed position. This closes all

strut bleed valves until air is needed for the air conditioning system, but
furnishes current to open either the strut 2 or strut 3 bleed air valves,
depending on the position of the bleed selector switch and cabin pressure master
switch.

Next, draw the bleed selector switch to the normal position and all of the
six sections of the cabin pressure master switch to the 7.45 position. With the

manifold valve switch in the closed position, no current flows from the top
contact to the struts 1 and 4 bleed valves. Current flows from the middle
contact lever of the manifold valve switch over wire H6A20V to pin C c. connector
P-1772. From here, current flows over wire H6B2OV through the cabin pressure
master switch contact 2 and out on wire H6D2OV to the top contact lever cn the
bleed selector switch.

Current flows over wire H5C2OV to pin H on connector P-1773. From here,
it flows over wire H5E2OV to pin B on the body crossover manifold valve.
Current continues through the valve motor and out pin C on wire H42A20N to
ground. As you can see, this valve will run open.

5
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Going back to the bottom contact on the manifold valve switch, current
flows over wire H8A20V to pin D on connector P-1772.

Current continues on wire H8B2OV and then H8C20V, then on to the bottom
contact of the bleed selector switch. Because you are still in normal air
source, current flows over wire H8D20V to pin A of connector P-1772. From
there, current flows over wire H8E20V to pin A on strut number 3 bleed valve.
Current continues through the valve motor and out on pin C on wire H45A20N
to ground. This will run the valve closed. Moving down to the next section
of the cabin pressure master switch, section 4, the current flows over wire
H11A20V to pin J on connector P-1773. From here, current flows along wire
H11B2OV to pin B on the cabin air conditioning shutoff valve. Current
continues through the valve motor and out pin C on wire H46A20N to ground.
As you can see, this valve will now run open. On the next section of the
cabin pressure master switch, secticn 5, you see that current CANNOT flow
anywhere in the 7.45 position.

The sixth and last section of the cabin pressure master switch has current
flowing in two directions. First current can flow over wire H19A20 to pin A
on connector P-1839. Current then flews over wire H19B20 and supplies power
to the temperature selector switch, located on the temperature control panel.
This switch is shown in the off position so no current flows at this time.
The second way current flows from the master switch section 6 is along wire
H20A20, through pin B on connector P-1771, and on wire H20B20 to energize
the temperature control relay. With this relay energized, the contact
lever moves up and current flows from point A2 to Al. From Al, current can
go in two directions. First, current flows along wire d21C2OV to pin V on the
anti-ice controller. The other way power flows is along wire H21B20V down to
pin A on the cabin temperature regulator, where it supplies power to energize
the relpys in the control box. This completes the tracing of the normal source
of air circuits with the green pencil, and you can see the proper valves are
open for normal source of air for air conditioning. The body crossover manifold
valve and air conditioning shutoff valve are open and struts 1 through 3 and 4
are ciosed. Also, during this tracing, you have supplied power to the temperature
control and anti-ice systems.

Exerc4se 2

Fill in the blanks to complete the following statements.

1. The manifold valve switch is placed in the open position for

Sruts 1 and 4 bleed valves are electrically controlled by a

and actuated by

3. The cabin pressure master switch is in the (on/off) position when
starting the aircraft engines.

6
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4. Strut 2 is the (normal/emergency) source and strut 3 is the

(normal/emergency) source of bleed air for the air conditioning
and press tion system.

5. For normal operation of the cabin air conditioning system, the manifold

valve switch is in the

master switch in the

selector switch in the

(open/close) position, the cabin pressure

(RAM/OFF/7.45/4.50) position and the bleed

(normal /emergency) position.

6. If wire number H11B2M were open, the cabin air conditioning shutoff

valve would not (open/close) when the cabin pressure master
switch is placed in 7.45 or 4.50 position.

7. The cabin air conditioning shutoff valve is actuated by a

(118 VAC/28 VAC) motor.

8. The cabin air conditioning shutoff valve closes normally in ram, and off,
but failed to open for normal air conditioning. This could be caused by

an open in wire number HI1B2OV or

Check with your instructor for the correct answers.

Section 3. EMERGENCY SOURCE OF AIe: CIRCUITS

Use the yellow pencil to trace the emergency source of air circuit.
Before you begin to trace this circuit, draw the contact levers of the bleed
selector switch up to the emergency position. This is the only switch that
changes positi- s. Current flows over the top contact of the bleed selector
switch along wile H4D20V to pin G of connector P-1773. It continues from pin
G along wire H4E2OV to pin A on the body crossover manifold valve. Current
continues through the valve motor and out pin C on wire H42A20N to ground.
This valve will now run closed. Also, current flows over the bottom contact
lever of the bleed selector switch on wire H7B2OV to pin M on connector P-1772.
Now, power flo'is from pin M of connector P-1772 on wire H7C20V to pin B on
strut number 3 bleed valve. Current continues through the valve motor and out
pin C on wire H45A20N to ground. This valve will now run open. You now have
the body crossover manifoid valve closed and strut 3 bleed valve open. This is
the emergency source of air for air conditioning and pressurization.

"ection 4. RAM VENT CIRCUIT

Now, use the black pencil to trace the ram vent circuit. Draw all six
contacts of the cabin pressure master switch tt. the ram position. All other
switches will be in the normal positions. This means the manifold valve
switch is in the closed position and the bleed selector switch is in normal.
Starting with the top section of the cabin pressure master switch, current
flows through the top contact, over wire H1C20, through pin A on connector
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P-1773, continues on through the ram airscoop relay, and out wire H40A2ON to
ground. This energizes the relay and pulls the contact lever up to make
contact with point A3. Then, power rom the 118 VAC circuit breaker flows
over H1G20V to pin B on the retractable ram airscoop. Current continues
through the scoop motor and out pin C on wire H41A20N to ground. This now
runs the scoop open. As you can see, when the ram airscoop relay is
deenergized, current would flow over wire H1F2OV to close the scoop.
Move down to the second section of the master switch. You can see that
current flows the entire length of wires H4D2OV and H4E2OV through the
body crossover manifold valve, closing the valve. For the third portion
of th::: master switch, you can see that current flows the complete length

of wires H8D2OV and H8E2OV through the strut number 3 bleed valve, closing
the valve. With the fourth section of the switch current flows over wire
H10A20V to pin K of P-1773 and from pin K to the closed side of the cabin
air conditioning shutoff valve, closing this valve. Section five of the
master switch directs current over wire H17820 to pin V of P-1770 and
from pin V along wire H17C20 to pin B of the pressure dump control valve.

This will dump cabin pressure allowing ram air to ventilate the cabin.
Section 6 removes power from the teMperailre cOntrol circuit and that is
all it doL.s. This completes the ram air vent circuit. The ram airscoop
is open and all other val. es are closed. Also, note that if the air
conditioning system is on and you need to dump pressure immediately, you
could put the pressure release switch to dump and this would supply power
to the pump control valve to dump cabin pressure. Review the circuits you
have traced on the diagram to this point. If you have any questions, consult
the instructor now; if not answer the questions in exercise 3 below.

Exercise 3

Fill in the blanks to complete the following statements.

1. With tEe bleed selector switch in emergency and all other switches in

normal, the body crossover manifold valve will and the

strut number 3 bleed valve

2. Bleed air for emergency air conditioning and pressurization is taken

from bleed valve.

3. An open in wire H8E2OV would --use the strut number 3 bleed valve to

remain in the (open/close) position.

4. The retractable ram airscoop remained open after the cabin pressure
master switch was placed to an air conditioning position; this could be

caused by an open in wire

5. If wire H47A20N were open the presvure dump control valve solenoids

would remain (energized/deenergized).

8
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6. During operation of the air conditioning system in normal there is no

airflow from .he outlets; this could be caused by a defective

valve or

valve.

7. If the air conditioning system fails,

is sed to ventilate the cabin.

8. When the cabin pressure master switch is in the ram position, the

will energize to open the
retractable ram airscoop.

9. The body crossover manifold valve controls the flow of engine bleed

air from strut number

10. The switch used to select normal and emergency operation is the

switch.

Check with the instructor for the correct answers.

Section 5. AUTOMATIC COLD CIRCUIT

The next circuit you trace is the automatic cold circuit. However,
before tracing this circuit, you need to understand some information about
the automatic operation. This information pertains to both automatic hot
and cold. During this discussion, do not trace the parts cf the circuits.
Refer to figure 1. The first item is the temperature selector, located on
the temperature control panel. This unit is a variable resistor and has a
positive coefficient effect on the circuit, which means a short will call
for hot and an open will call for cold. This unit is connected to the cabin
temperature regulator by wires H25A and H26A through pins I and J. The
next unit is the slow part of the duct sensor. This part is connected
to pins A and B of the sensor unit and connected to the cabin temperature
regulator through wires H27A and H32A on pins C and E. This slow element
of the duct sensor has a positive coefficient of resistance but will react
like a negative coefficient sensor if there is an open or a short within
the slow element sensor. This means an open will call for hot and a short
will call for cold. This is just the opposite of the fast sensor ele-ent
which has a positive coefficient o! resistance. The fast sensor el._
is connect..., to pins D and C of the sensor unit and C and F of the cabin
temperature regulator through wires H28A and H31A. The next sensor, which
is the cabin sensor, has a negative coefficient of resistance. Once again,
this means a short will call for cold and an open will call for hot. The
cabin sensor connection in the circuit is from B and A of the sensor through
wires H29B and H30A to pins C and D of the cabin temperature regulator.
When the pilot uses the temperature selector to select a desired temperature



in automatic, the sensors will maintain this temperature by controlling
the operation of the air conditioning modulating valve. Now, let's trace
this circuit.

TRACING AUTOMATIC

Use your orange pencil to trace this circuit. Place the temperature
control switch, which is located on the temperature control panel, to the
auto position. Of course, you know the cabin pressure master switch must
be in either the 7.45 or 4.50 position to get temperature control. Current
then flows to both the warm and cold contact levers. Because we are
calling for cold, the cold relay energizes and current flows out pin G of
the temperature regulator. Current taps off wire H23A and flows to pin F
or the air conditioning modulating valve. Current flows through the
modulating valve to pin G on conne nor P-1802. Cui-ent energizes the
cold relay. This action pulls th' three contact levers down and alternating
current from the three circuit br .kers flows to the modulating valve to
run it closed, giving you cold air. This completes the automatic cold
or -ation of the temnerature control system. Since automatic warm operates
the same way as automatic cold, it is not necessary to trace that ciriit.

If you have any questions about what you have traced so far, ask your
instructor NOW.

Section 6. MANUAL WARM CIRCUIT

You will use your blue pencil to trace this circuit. Place the
temperature control switch to the manual warm position. Current now flows
out pin F of the temperature control panel on wire H22B. Current taps off
wire H22B and flows to pin D on the modulating valve. Current continues
through the valve cutout switch and out pin C, then on to pin K on connector
P-1802. From here, current flows over and energizes the hot relay. This
pulls the three contact levers down and the., alternating current from the
three circuit breakers flows to the modulating vo-ve to run it open for
warm air. This concludes the tracing of the manual warm circuits. Keep
in mind that the manual cold circuits function the same way.

This also concludes the tracing of the in this lesson.
However, let's touch lightly on one more area just for information
purposes. You need not trace the circuit unless you want to. The
circuit is the 4.50 position of the cabin pressure master switch.
This position is used to change the amr,nt of pressurizacion only.
This energizes a solenoid on the pressure regulator to change
pressurization, but everythir,r, else operates the same as in the 7.45
position.

If you ha'e any questions, see your instructor NOW. If you have
no questions complete exercise 4.
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Exercise 4

Use figure 1 to answer the folloaing questions. Mark only the
statements that are true.

1. When the pressure release switch is put to the dump position
the cabin pressure regulator changes pressurization to 4.50 psi.

2. In emergency the body crossover valve will close and the strut
number 3 bleed valve will open.

. If wire H14A20 leading from the cabin air conditioning controller
circuit breaker were broken there would be no temperature control.

4. With the manifold valve switch open, all bleed air valves are
open or will open with air pressure.

5. When the cabin pressure master switch is placed in "ram" the
cabin pressure regulator receives power to dump pressure.

6. With the bleed selector switch in normal, the body crossover
manifold valve is open and strut number 3 bleed valve is closed.

7. If the cabin air conditioning shutoff valve will close but will
not open, a probable cause could be wire H11B2OV being broken.

8. With the cabin pressure master switch in the "off" position,
the cabin air condition shutoff valve will close.

9. In the 7.45 or 4.50 position the cabin pressure master switch
will provide power to BOTH the temperature control relay and the
temperature control panel.

10. If the manual cold wire were broken at pin C on connector P-712
there would still be automatic cold operation.

11. A short between pin D and pin C of the fast duct sensor will
call for hot air.

12. The strut number 1 ani number 4 bleed valve circuit breaker
also provides power for the body crossover manifold valve.

13. All the cabin pressure master switches, shown in figure 1, are
mechanically linked.

14. The 4.50 position of the master switch is used to change ,-- ,4-1
pressurization.

15. Above 36,000 feet the anti-ice valve is closed and the water
separator bypass valve is open.

STOP and see your instructor. Instructor's Initial.s

11
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PRACTICE EXERCISE

In the following practice exericses you will be given a discrepancy.
You are to find the cause and/or causes and fill in the blanks. Problem
#1 explains the proper procedure for finding the causes. If you have any
questions during the practice exercises you may ask your instructor for
help.

Problem #1

The discrepancy reads: With the manifold valve switch in the open
position, strut #1 bleed valve will not open. First you must determine
the circuit for strut #1 valve. Using figure 1, and a red pencil, start
from the strut number 1 and 4 bleed valves circuit breaker and trace over
wire H2A20 to the open side of the manifold valve switch, over wire
H2B20 to the junction of wire H2D20 and H2C20. As you car see an open in
any of the wires we have traced so far would cause both number 1 and 4
strut bleed valves to be inoperative. As we are only concerned with strut
#1 bleed valve, using a blue pencil trace over wire H2D20 through tne valve
to ground over wire H43A20N. As you can see if either one of these wires
were open it would cause strut #1 bleed valve to be inoperative. Therefore,
the answer to problem #1 is H2D20 and H43A20N.

Problem #2

With the manifold valve switch in the close position and the bleed selector
switch in normal, and the cabin pressure master switch is in the 7.45 or 4.50
position the body crossover valve will not open, but will close. The probable

cause would be an (open/short) in wires number and

Problem #3

With the manifold valve switch in the open position, number 1 and
4 strut bleed valves did not open. The probable cause would be an
(open/short) in wire numbers

Problem #4

In automatic the cabin temp goes full hot and remains.

Shorted wire numbers

This concludes the practice exercise. If you have no questions,
inform your instructor that you are ready for the performance test.
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OBJECTIVE

Relate a minimum of eight out of ten cargo bleed air system componentsto their operation.

INSTRUCTIONS

As you progress through this text, you will be accomplishing thefollowing tasks:

1. Identifying the purpose of the cargo aircraft bleed air system.

2. Associating the functions of the bleed air system components totheir names.

3. Tracing through the bleed air system electrical control cir-cuit to determine system operation.

4. Identifying the procedures for maintaining the bleed airsystem. These tasks will aid ycu in accomplishing the ol-lective forthis lesson.

The text presents this material in small steps called "frames."After each frame you are asked to respond by completing statements,
matching statements, or by selecting the true statement. Read the
material carefully before making the responses. The correct answersto the questions are given at the back of the text. If you selectthe correct answers, continue to the next frame. If you are incorrect,
read the material again and correct your answers before continuing.

Supersedes C3ABR42331-PT-208, 18 January 1982.
OPR: 337C TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 1000; DAV - 1
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Frame 1

In previous systems that you have studied, the hot engine bleed air was

used for several purposes. On the cargo aircraft that you will be studying
in this lesson, engine bleed air is also used for several purposes. These

purposes are as follows.

1. Air conditioning and pressurizing the cabin (flight deck) and the

cargo compartment.

2. Starting engines.

3. Defogging the windshield.

4. Preheating the engine compartments (nacelle). This is used when

operating in extreme cold climates.

5. Driving an air turbine motor (ATM). An ATM is a unit that provides
electrical power for emergency operation or for ground operation. The unit

consists of a turbine, driven by bleed air, that drives an alternator.

6. Anti-icing the leading edges of the wings and empennage (tail section).

7. Anti-icing the engine air intake scoop and guide vanes.

C. Anti-icing the radome. (The radome coverd the radar unit that protrudes

from the nose of the aircraft.)

9. Anti-icing the urinal drains.

Fill in the blanks to complete the following statements.

Air for air conditioning the cabin and cargo compartment is

auppliea from the engine system.

2. The aircraft engines are sta- ad by using

3. Anti-icing of the aircraft wing leading edges is accomplished by

using hot

4. Hot engine bleed air is used for anti-icing the engines air
and vanes.

3



Frame 2

The cargo aircraft that you will be studying in this lesson has four engines.
Bleed air is taken from all four engines. The air is still taken from the last
stage of compression. However, the last stage of compression on this aircraft is
the 11th stage.

A ground air cart can also be used on this aircraft for starting engines and
for operating the various systems when the aircraft is on the ground.

The cargo aircraft is also equipped with a Gas Turbine Compressor (GTC). The
GTC is a small jet engine that-is mounted in the left wheel well. This unit is
only used to supply bleed air for g..)und operation. The GTC can be started by
electrical power from the aircraft battery. Then the bleed air from the GTC can
be used to start the aircraft engines, or to operate any of the systems normally
operated by bleed air.

Fill in the blanks to complete the fcllowing statements.

1. The three sources of the bleed air for the cargo aircraft are the

compressor, and cart.

2. During ground operation, bleed air can be supplied by a

cart, by a gas turbine , or by the
engines.

3. The purpose of the GTC is to supply air during

operation only.

221
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Frame 3

Figure 1 shows the bleed air system for the left wing and fuselage, the
right wing is the same as the left wing. The system consists of sectiors og
stainless steel ducting, engine bleed air shutoff valves, and wing isolation
valves.

Locate the valves in figure 1. The system of ducting that carries the
bleed air to its point of use is frequently called the bleed air manifold.
The bleed air is taken from each of the four engines and carried to the
various systems by the bleed air manifold.

Fill in the blanks to complete the following statements.

1. The bleed air system consists of ducting,
engine bleed air
valves.

, and wing

2. During flight, air for anti-icing is provided by

(1, 2, 3, 40 engines.

3. During flight, air for air conditioning is provided by
(1, 2, 3, or L) engines.

EMPENNAGE
ANTI-ICING
VALVES

WING
ISOLATION
VALVE

RADOM Am-ia NG Figure 1. Bleed Air System
SHUTOFF VALVE

5
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Frame 4

Bleed air can also be supplied to the bleed air manifold by a GTC,
(gas turbine compressor). The GTC is installed in the left wheel well. The
GTC installation is shown in figure 2. Again, it's only purpose is to
supply bleed air to the bleed air manifold. It is only used for operating
the system while the aircraft is on the ground.

Fill in the blanks to complete the following statements.

1. To perfo-m a ground operational check of a system requiring bleed
air, the air can be supplied by either a ground

5

compressor or by the aircraft

OIL PRESSURE
STARTER HOUR METER SWITCH

BLEED SHUTOFF AND
LOAD CONTROL VALVE

FUEL
NOZZLE

START ELECTRICAL
COUNTER CONT BOX AIR PRESSURE REG

COMBUSTION
CHAMBER

CENTRIFUGAL
SWITCH ASSEMBLY

AIR ATTACH IGNITER LOAD CONTROL
INLET POINT THERMOSTAT

OIL PUMP
AND FILTER

OIL PRIME BI1TTON
AND CHECK VALVE

Figure 2.
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Frame 5

WO stated in frame 2 that air could be supplied to the bleed air manifold
by a ground air cart. Figure 3 below shows the MA-1A ground air supply cart.

The only purpose of this unit is to supply bleed air to the bleed air
manifold.

This bleed air can be used to start the aircraft engines or it can be used
to operate the air conditioning, engine preheat, or anti-icing systems when
performing ground operational checks.

The MA-1A ground air cart contains a small jet engine, and the necessary
controls for operation and control of the unit.

As an Environmental Systems Mechanic, you may be required to operate
this unit. if you are required to operate this unit, you will be trained
on the operating procedures after you are assigned to a maintenance crgan-
ization.

Figure 3.
MA-1A Ground Air Cart

Fill in the blanks to complete the following statement.

1. To perform a ground operational check of a system requiring
air you can use a
as a source of air.

7
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Frame 6

Figure 4 shows a schematic of the bleed air system. The air from the 14th
stage of compression flows through a check valve, then to the engine bleed air
shut off valve. This is illustrated for engine number 1, all four engines are
the same.

During normal operation all four engine bleed air shutoff valves are open.
This allows the bleed air from all four engines to flow into the bleed air mani-
fold.

This means that during in-flight operation, the bleed air for air condition-
ing or anti-icing systems is normally supplied by all four engines.

The bleed air from the engines can also be used to operate the systems while
the aircraft is on the ground. However, it is usually easier to use the GTC or
ground air cart when performing ground operational checks.

Also notice the two wing isolation valves shown in the illustration. These
valves are used to isolate either the left or right side of the bleed air mani-
fold.

The wing isolation valves are normally open at all times. If a severe leak
develops, the wing isolation valves are used to close that portion of the system.

For example, if a leak develops in the ducting between engines number 1 and
number 2, the number 1 and number 2 engine bleed air shutoff valves would be
closed, and the left wing isolation valve would be closed.

This would remove all airflow from the left manifold, but still permit air
from the right engines to be used for air conditioning and pressurization.

Notice that check valves are located at each point where it is necessary
to prevent a reverse flow of airs They are located at each engine, at the
ground air connection, and at the GTC.

Fill in the blanks to complete the following statements.

1. Air for the bleed air system is supplied by the
compressor, or a

2. The air from the engines is controlled by an engine
valve.

or the
cart.

3. Check valves are used at each , at the ground air
, and at the

4. If a leak should develop in the right wing area, this section of the
manifold can be closed off by closing the valve.

5. During normal in-flight operations, air for air conditioning and anti-
icing is supplied by engines.

8
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Fra.e 7

The engine bleed air shutoff valves are 28-volt DC motor actuated,
butterfly type valves. Figure 5 shows a typical engine bleed air shutoff
valve.

Individual Switches are provided on the aircraft instrument panel for
control of each valve. Figure 6 shows the portion of the instrument panel
that contains the switches for controlling the engine bleed air shutoff

and also the controls for the GTC.

During flight all four engine bleed air shutoff valves are normally
open. However, the pilot can close anyone of the valves if necessary by
placing the switch to the CLOSE position. Notice how the bleed air mani-
fold is illustrated on the instrument panel.

Figure 5.
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Figure 6.

Fill in the blanks to complete the following statements.

1. The engine bleed air shutoff valves are actuated by a

2. Each engine bleed air shutoff valve is controlled by a separate

10

227



Frame 8

The wing isolation valves are solenoid controlled, spring actuated
valves. The valve is held open by a solenoid and closed by a spring.
Energizing tl.e solenoid releases the valve poppet, allowing the valve
to be closed by the spring.

The valve can only be open or reopened by deenergizing the
solenoid and mechanical linkage. This is done by pulling the wing
isolation valve control lever down, which pulls a latch inside the
solenoid which cocks the valve open. (This could be thought of like
cocking a gun before you fire it.)

When the wing isolation valve lever is pulled down it pulls a
latch inside the solenoid which holds the valve open and when the
solenoid is energized it releases the latch and allows the valve to be
closed by the spring.

Figure 7.

Separate switches are provided on the instrument panel for closing
the wing isolation valves. These switches are shown in figure 8. The
switches are marked LH WING ISOLATION VALVE and RH WING ISOLATION VALVE.
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Questions for Frame 8.

Fill in the blanks to complete the following statements.

1. The wing isolation valves are closed by the

Twitches.

2. The purpose of the wing isolation valve lever is to
the wing isolation valve.

the
3. Placing the wing isolation valve switch to closed, will energize

12
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Frame 9

For problems 1, 2, and 3 select the statements from column B that correctly
completes the statement given in column A. Place the letter of the matching
statement in the blank space provided. NOTE: There a:e more blanks than correct
matching statements.

COLUMN A COLUMN B

1. Bleed air is used on the cargo
aircraft for

2. The sources of bleed air on the
cargo aircraft are

3. The bleed air system consists of

A. Air Conditioning.
B. Starting the Engines.
C. Cooling the electronic

equipment compartment.
D. Leading edge anti-icing.
E. Rain Removal.
F. Driving an ATM.
G. Engine air intake

anti-icing.

A. All 4 engines
B. Engines 2 and 3 only.
C. Gas turbine compressor.
D. Ground air conditioner.
E. Ground air cart.

A. 28v DC motor operated
engine bleed air valves.

B. Solenoid controlled, air
actuated bleed air valves.

C. Aluminum Ducting.
D. Stainless Steel Ducting.
E. Wing isolation valves.
F. Body crossover valves.
G. Check valves.

Read each of the following statements, then mark them as either True (T) or
False (F).

4. Tha wing isolation valves are held open by a solenoid.

5. The wing isolation valves are closed by spring tension.

6. After the wing isolation valve is closed, it can only be reopened
mechanically.

7. During flight, engine bleed air is normally taken only from engines
1 & 2.

8. The bleed air from the GTC can be used to start the aircraft engines.

13
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Frame 10

The electrical circuits for controlling the bleed air system are shown in
Foldout 1 (the last page of this text). Open this foldout.

Locate the four engine bleed air shutoff valves and the LH and RH isolation
valves. The engine bleed air shutoff valves are each controlled by an engine
bleed air control switch.

Locate these switches on the diagram. Placing the switch to OPEN position
directs power to open the bleed air shutoff valve.

The diagram shows each of these switches in the OPEN position. Placing the
switch to the CLOSED position directs power to close the valve.

Also notice that when the switch is placed to the OPEN position, current
hau to go through a second switch, which is actuated by the fire control handle.

[In case of an engine fire, the pilot will pull the fire control handle; this
will cause several things to happen, such as closing off the fuel supply and the
bleed air shutoff valve to close.

Trace the circuit for control of Engine No. 1 bleed air shutoff valve.
Starting at the Engine No.1 circuit breaker, follow the path of current flow to
Engine No. 1 bleed air valve control switch.

With the switch in the OPEN position, current will flow through the switch
to B2 of the fire control switch. Current will go through this switch to Pin A
of the No. 1 engine bleed air shutoff valve.

This will cause the valve motor to run to the open position. Now fol__07
the path of current flow for normal closing of the valve. With the control
switch in the CLOSED position, current will flow through the switch to3B1 of
the No. 1 engine bleed air shutoff valve.

With the NO. 1 engine bleed air valve switch in the OPEN position, if the
fire control handle is pulled, it will direct power to close the valve.

When the fire control handle is pulled, it moves the switch contact, conn-
ecting B2 to B1. This directs current to the closed side of the engine bleed
air shutoff valve.

Notice that all four of the engine bleed air shutoff valve circuits are
identical. Since we have followed the current for engine No. 1, you should be
able to analyze the electrical control for the other three.

As stated earlier, the wing isolation valves are controlled by separate
switches. With the switches in NORMAL there is no current flow and the valves
remain open.

Placing either switch to CLOSED permits current flow from the circuit breaker
to the valve solenoid. This energizes the solenoid which releases the valve
allowing the spring tension to close the valve.

14
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Fill in the blanks to complete the following statements.

1. The engine bleed air shutoff valves are actuated by
volt DC

2. Each engine bleed air shutoff valve is controlled by a separate
engine bleed air valve

3. With the No. 3 engine bleed air valve switch in the OPEN position,
pulling the fire control handle will cause th, engine bleed air shutoff
valve to

4. The LH wing isolation valvb solenoid .s energizea .hen the LH
wing isolation valve switch is in t1,1 (normal/
closed) position.
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Frame 11

A bleed manifold pressure gage is located in the cockpit. Figure 9 shows
the gage and illustrates how it is connected to the bleed air manifold.

This gage indicates the bleed at pressure in the bleed air manifold. It
serves to keep the pilot informed of the pressure in the manifold, and can also
be used by maintenance personnel (you) when checking to determine if the system
has excessive leakage.

When using the MA-1A ground air cart or the GTC, the gage will normally
indicate approximately 40 psi. When 'the engines are supplying air to the man-
ifold the gage will indicate approximately 70 psi. However this will depend
on the engine throttle settings.

Fill in the blanks to complete the following statements.

1. The pressure in the bleed air manifold is indicated by a

2. The bleed air system can be ehecked for excessive leakage by using the

bleed manifold

233
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Frame 12

Maintenance on bleed air systems is similar for all aircraft. However,
you should always refer to the applicable aircraft technical order to obtain
specific instructions. General inspection and maintenance consists of:

1. Checking bleed air ducting for corrosion, cracks and dents.

2. Checking duct couplings (clamps) for security.

3. Checking duct insulation for tears or saturation from oil or hydraulic
fluid.

L. Removing and replacing sections of ducting, clamps, gaskets, and com-
ponents, suci as bleed air valves.

5. Checking system for leakage.

Checking the system for leakage is accomplished in various ways. The system
can be checked to determine if excessive leakage exists by observing the pressure
gage and timing the pressure drop when the system is turned off.

This method of testing will locate extreme leakage through ruptured
ducts, missing or leaking V-band couplings and gaskets.

The pressure decay method of leak testing is accomplished by assuring all
systems are turned off, then pressurizing the bleed air system using the GTC or
by running the engir--. An example of this procedure would be as follows:

1. With the GTC running, allow the bleed air manifold pressure to buildup
to 35 psi. Then cl,_e off the air from the GTC, thus trapping the air in the
bleed air manifo3d.

2. Using a stop watch, time the pressure drop as it drops from 30 psi to
15 psi. If the time for the pressure to drop frcm 30 psi to 15 psi is less than
8.5 seconds, the leakage at some point in the manifold is excessive.

If the time is heater than 8.5 seconds, the leakage is not excessive.
The pressure will drop as there is an allowable leakage around some valves and
through the urinal drain anti-icing tubes.

Locatirg leaks is done by the hand survey method. This is accomplished by
pressurizing the manifold with the GTC, then cauti illy feeling around each
duct connection or area where leakage is suspected. Remember, this air and
the ducts can still be eery hot.

235
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Questions for Frame 12.

Fill in the blanks to complete the following statements.

1. To determine specific procedures for maintaining a bleed air system,
you should refer to the applicable

2. To determine if the leakage from a bleed air manifold is within the
allowable spec 'ications, you should leak test the system using the

method.

3. In the example given for leak checking a bleed air system, if the
pressure drops from 30 psi to 15 psi in 6 seconds, this would indicate

(a normal system/excessive leakage).

L. If excessive leakage is indicated when performing a leak test by
the pressure decay method, the trouble could be caused by an engine bleed
air shutoff valve failing to

19
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Frame 13

Pla.:e a T or F in the blank to indicate whether the statement. is True or
False.

1. Engine bleed air is used on the cargo a:rcraft for starting engines,
air conditioning and prP -izing the cabin, anti-icing the wings,
empennage and engine , akes

)
and for driving an air turbine motor.

2. When performing a ground operational check, bleed air can be supplied
by either the engines, OTC, cr ground air supply cart.

3. Dur.Lng flight, engine bleed air i3 normally supplied by engines NO. 1
and NO. 2 only.

t. Closing of the wing isolation valves is accomplished by energizing a
solenoid.

5. During flight, the wing isolation valves are normally closed.

6. The engine bleed air s.iutoff valves are actuated by a 28 volt DC motor.

7. The bleed manifold pressure gage is used when performing a leak test
of the bleed air system by the pressure decay method.

8. When the bleed air system is checked for excessive leakage by the pres-
sure decay method, the pressure drops from 30 psi to 15 psi in 20 sec.;
this indicates excessive leakage.

9. When a fire control handle is pulled it will cause the engine bleed air
shutoff valve to close for that particular engine.

Select the correct answer or answers to the following question.

10. The No. 2 engine bleed air shatoff valve fails to close. This could be
caused by

a. a defective shutoff valve motor.
b. the fire control handle being pulled out.
c. the isolation valve switch being in normal.
d. an open in the electrical circuit between B1 of the fire control

handle and B of the valve motor.

23 7
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CORRECT RESPONSES TO ALL THE FRAMES.

Frame 1 Frame 9 (Continued)

1. bleed air
2. bleed air
3. engine bleed air
4. intake scoop and guide

Frame 2

Frame 10
1. engines, gas turbine, ground air
2. ground air, compressor
3. bleed, ground

4. T
5. T
6. T

7. F

8. T

Frame 3

1. stainless steel, shutoff valves,
isolation

2. 4

1. 28 motors
2. switch
3. close
4. closed

Frame 11

1. pressure gage
3. 4 2. pressure gage

Frame 4 Frame 12

1. air cart 1. technical order
gas turbine 2. pressure decay
engines 3. excessive leakage!

4. close
Frame 5

Frame 13
1. ground air cart

1. T
Frame 6 2. T

3. F
1. engines, gas turbine, ground air 4. T
2. bleed air, shutoff 5. F
3. engine, connection, gas turbine compressor 6. T
4. wing isolation 7. T
5. all four 8.

9. T
Frame 7 10. a and d

1. 28V DC motor
2. switch

Frame 8

1. wing isolation valve
2. open
3. solenoid

Frame 9

1. ABM
2. A C E
3. ADEG 21

238



ai
0)

0

ENG. NQ I

ENG.N0.2

ISO VALVE

ENG. I

BLEED AIR
SHL-RIFF VALVE

ENG.NO I
FIRE
CONTROL
HANDLE

ENG. NO. 2
BLEED AIR
SHUTOFF VALVE

C

83 OB

82

L.H.WING R H. WING
ISOLATION ISOLATION

VALVE VALVE

A B

ENG NO. 2
FIRE
CONTROL
HANDLE

A 811

ENG. NO. 3
BLEED AIR
SHUTOFF VALVE

A C

3 111
ENG.NO. 3
FIRE
CONTROL
HANDLE

ENG. NO. 4
BLEED AIR
SHUTOFF VALVE

Y -rte
C B /

83

10' B2

-0
CLOSED OPEN

L
CLOSED OPEN

NORMAL
0

NORMAL CLOSED CLOSED
-0

CLOSED OPEN

ENG. NO.4.
FIRE
CONTROL
HANDLE

.43
CLOSED OPEN

ENG. NO. I ENG. NO. 2 L H WING R. H. WING ENG. NO. 3 ENG. NO.4
BLEED AIR BLEED AIR ISOLATION ISOLATION BLEED AIR BLEED AIR
VALVE VALVE VALVE VALVE VALVE VALVE

ISO VALVE

ENG. NO.3

ENG. NO.4

233

ANTIICE CONTROL PANEL

Foldout 1.

23

2,t ()

73.24815



Technical Training

Aircraft Environmental Systems Mechanic

WING AND EMPENNAGE ANTI-ICING SYSTEMS

28 March 1983

41( * *

C Ah

CHANUTE TECHNICAL TRAINING CENTER (ATC)
3370 Technical Training Group

Chanute Air Force Bage, Illinois

Designed for ATC Course Use.

PROGRAMMED TEXT
C3ABR42331-PT-208A

Do Not Use on the Job. RGL: 8.8

241



OBJECTIVES

Relate a minimum of 8 out of 10 cargo bleed air anti-icing
components to their operation.

Using a wiring diagram, specify the causes for a minimum of four
out of five anti-icing system control circuit troubles.

In order for you to accomplish this objective, the following areas
will be covered by this programmed text:

1. The purpose of the wing and empennage anti-icing systems.

2. The function of the wing and empennage anti-icing system
components.

3. The operation of the wing and empennage anti-icing control
circuits and overheat warning circuits.

INSTRUCTIONS

This text presents material in small steps called "frames."
After each frame you are asked to respond by completing statements,
matching statements, or by selecting the true statements. Read the
material carefully before making the response. The correct answers
to the responses are given on the top of the next page of the text.
If you select the correct answers, continue to the next frame. If
you are incorrect, read the material again and correct your answers
before continuing.

You will also be given a practice exercise in which you will be
required to study the wiring diagram and determine the cause for system
malfunctions.

This text is divided into two sections. You must meet the criterion
of the first section prior to completing the second section.

Proceed to frame 1.

Supersedes C3ABR42331-PT-208A, 25 November 1981.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 500; DAV - 1
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SECTION A

Frame 1

In the past lesson you studied the cargo aircraft bleed air

system. You should recall from that lesson that on the cargo air-
craft, bleed air is used for several purposes, and that one of these
purposes was to anti-ice the leading edge surfaces of the aircraft.

You should also recall that on the cargo aircraft, the bleed

air can be supplied to the bleed air manifold by the engines, a GTC,

or by a ground air supply cart.

In this lesson you will study the anti-icing system which stops
ice from building up on the leading edge of the wings and empennage

surfaces.

You will learn that hot engine bleed air is used to stop ice
from forming on these surfaces and how this bleed air is controlled.

You should keep in mind that even though there are three
sources of bleed air, the only source that can be used to operate

the anti-icing system while the aircraft is in flight is the air

from the engines.

As was said in the past text, this air is supplied from all four

engines. For ground operation, the GTC or ground air supply cart

can be used.

Fill in the blanks to complete the following statements.

1. One purpose of the engine bleed air is for
the wing and empennage leading edges.

2. During flight, bleed air supplied to the bleed air manifold
on the cargo aircraft by the

3
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Answers to Frame 1: 1. anti-icing 2. e' vines.

Frame 2

Anti-icing systems are required to prevent ice from forming which
could force the aircraft to land or crash.

Some aircraft use anti-icing systems for the wings and empennage
(tail section), and for anti-icing areas such as the radome. Others
may use the anti-icing systems for the engine inlet air ducts only,
while others may not have any anti-icing systems.

The cargo aircraft that you will be studying has several anti-icing
systems plus an ice detection system.

Figure 1 shows the main areas that are anti-iced on this aircraft.
These areas include: (1) the leading edge of the wings, (2) the leading
edge of the horizontal stabilizer, (3) the leading edge of the vertictil
stabilizer, (4) the engine inlet air duct and (5) C.-le radome.

6
Figure 1.

Fill in the blanks to complete the following statements.

1. The purpose of an anti-icing system is to ice

from accumulating.

2. The areas that are anti-iced on the cargo aircraft include the
of the wings, the engine

, the leading edge of the

4
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Answers to Frame 2: 1. prevent 2. leading edge, inlet air duct,

vertical stabilizer and horizontal stabilizer.

Frame 3

In this lesson you will study only the wing and empennage anti-
icing system. The engine air intake duct anti-icing system will be
talked about in your next lesson.

The wing and empennage anti-icing system is made up of the
ducting and valves necessary to direct the hot engine bleed air
to the leading edge surfaces.

Figure 2 shows the ducting for the right wing. The left wing is
the same as the right wing so it will not be taken up.

The wing leading edge anti-icing system is split up into the left
and right wing systems. Then, in each wing the anti-icing system is
further split up into an inboard section and an outboard section.

In the sketch shown, (A) is the inboard section, and (B) is the
outboard section. The airflow from the bleed air manifold to each
section is controlled by an anti-icing shutoff valve. The inboard
section is controlled by the anti-ice shutoff valve marked (C) and the

outboard section is controlled by the valve marked (D).

Figure 2.

Remember, this only shows the right wing. The left wing is

identical. This means there are four valves that control bleed air-
flow for anti-icing the wing leading edge.

Fill in the blanks to complete the following statements.

1. The wing leading edge anti-icing system is divided into an
and an section in each wing.

2. The bleed airflow for wing anti-icing is controlled by
shutoff valves.

3. The wing leading edge anti-icing is controlled by (2/4) valves.

5
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Answeis to Frame 3: 1. inboard-outboard 2. anti-icing 3. four

Frame 4

The empennage anti-icing system is also split up into two
sections. Figure 3 shows this system.

Section (A) provides air for anti-icing the left horizontal
stabilizer and the upper port{ i of the vertical

Section (B) provides P".e- for anti-icing the right horizontal
stabilizer and tLe lower portion of the vertical stabilizer.

Figure 3.

Each section is controlled by a separate anti-icing system shutoff
valve, The anti-ice valve marked (C) controls bleed air for an'A-icing
the left horizontal stabilizer and the upper portion of the vertical
atabilizer.

The anti-ice shutoff marked (D) controls the bleed air for
anti-icing the right horizontal stabilizer and the lower section of the
vertical stabilizer.

This means there are a Zotal vf six anti-icing shutoff valves in
the anti-icing system; two in the empennage and four in the wings.

Fill in the blanks to complete the following statements.

1. The empennage anti - icing system is dividr.d into sections.

2. The leading eige anti-icing system contains a total of
valves.

3. Anti - icing, of the upper portion of the vertical stabilizer and the
lefc horizontal stabilizer is controlled by
(the same/different) valve(s).

6
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Answers to Frame 4: 1. two 2. six 3. the same

Frame 5

The bleed air used for the leading edge anti-icing system is
controlled by aiL actuated, solenoid controlled valves.

In the past frames, these valves were referred to as anti-icing

system shutoff valves. For the remainder of the text these valves

will simply be called anti-icing valves. All six valves are the same.

The anti-icing valve is shown in figure 4.

SOLENOID

ANTI-ICING VALVE

Figure 4.

Fill in the blanks to complete the following statements.

1. Anti-icing valves are actuated (opened/closed) by

2. The anti-icing valves are controlled by a
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Answers to Frame 5: 1. air pressure. 2. solenoid

Frame 6

Figure 5 shows an internal view of the anti-icing valve. The

operation of this valve is somewhat different from those you have
studied in the past.

This valve is made up of a solenoid, actuator, piston, return
spring, orifice, and orifice seal. The opening that the air flows
through is called an orifice, and the plate that opens and closes is
called the orifice seal.

Find each of these parts on the sketch shown.

Air FLOW

SOLENOIDVI REED ORiFKE

ACTU. TOR

PISTON

ORIFKE SEAL

OR

RETURN SPRING

Figure 5.

The sketch shows the valve in the closed position. Let's see how
the valve is held closed.

Engine bleed air from the bleed air manifold flows in and surrounds
the actuator (shown by the arrows).

Now note the bleed orifice in the side of the actuator. The air
that flows around the actuator will also flow into this orifice. This
will equalize the pressure inside the actuator with the pressure
surrounding the actuator and equalizes the pressure on each side of
the piston.

Notice that the piston and orifice seal are connected. Since the
pressure is the same on each sid- of the piston, it will not move, and
the return spring will hold the ,rifice seal closed.

Fill in the blanks to complete the following statements.

1. The opening in the anti-icing valve that air flows through is
called an

2. When the pressure inside of the actuator is equal to the pressure
surrounding the actuator, the valve will be

8
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Answers to Frame 6: 1. orifice 2. closed.

Frame 7

We said earlier that the anti-icing valve is controlled by a
solenoid. Let's see how this is done.

To open the valve, the solenoid must be energized. Remember, the
valve was held closed by allowing the air pressure to bleed in through
the bleed orifice. This keeps the air pressure the same on each side
of the piston.

When the sulenoid is energized, it opens a vent port. Note the
vent port in the sketch shown.

With the vent port open, the air b' eds in through the bleed
orifice and continues to flow out through the vent port. This will
stop the pressure from building up inside the actuator and will result
in a difference in pressure on the piston.

The pressure will be greater -on side B than on side A (see figure 6).
This pressure will overcome the spring tension and cause the actuator to
move, which also moves the orifice seal. This will open the valve.

Figure 6 shows the valve in the open position.

AIR FLOW

Figure 6.

Fill in the blanks to complete the following statemen..s.

1. When the solenoid is energized, it opens a

2. The anti-icing valor' is opened by a difference in

port.

3. When the solenoid is energized, the prest.....re will be

surrounding the actuator than inside the actuator.

9
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Answers to Frame 7: 1. vevt 2. pressure 3. greater

Frame 8

Now that you know the anti-icing valves are controlled by ew.rgizing
and deenergizing a solenoid, let's see how the solenoid is controlled.

There are two switches on the instrument panel that control the
leading edge anti-icing.

One switch controls the wing anti-icing and one controls the
empennage anti-icing.

The switch for the wings, controls all four wing anti - icing valves,
and the switch for the empennage controls both empennage antl-icing
valves.

The sketch shows the circuit for controlling one valve. This same
circuit controls the other valves also.

Detail A shows the switches that control the valves. When either
of these switches is placed to the on position, it energizes the solenoids
on the valves for that system.

I WINO AND "
I

I I
EKONTROL

o
OFF I

1 ESSENTIAL PUS 1 I-- / ON

28V DC ANTI -1C7ai LONTEOL
PANELL _J

COPILOT'S LOWERman MAKER
PANEL

MITI KIM
WIIIM01

ANN
IV MO

ON

ON

A

Figure 7.

Fill in the blanks to complete the following stal.;_ments.

1. The horizontal and vertilal stabilizer anti icing system is
controlled by the switch.

2. The wing anti-icing switch controls (1, 2, 3, or 4) valves.

3. The voltage required for energizing the anti-icing valve
solenoids is

4. The empennage anti-icing switch controls (1, 2, 3, or 4) valves.

5. To open the anti-icing valves, the solenoid must be

10
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Answers to Frame 8: 1. anti-icing empennage 2. 4 3. 28V DC
4. 2 5. energized.

Frame 9

With the anti-icing valves open, the hot bleed air flows into the
leading edge anti-icing ducts. Remember, the bleed air is extremely hot.
If the bleed air was circulated through the wing itself, it could damage
the wing surface.

To reduce this temperature, the bleed air is mixed with the
surrounding "ambient" air.

The bleed air is directed into an anti-icing duct that contains
several small ejector nozzles. The ejector nozzles direct the bleed air
into a formed venturi as shown in figure 8, deta A. This causes a low
pressure area between the ejectors and the formed venturi which pulls in
ambient air.

The ambient air mixes with the bleed air. The ambient air is much
cooler tan the bleed air and reduces the temperature of the air
circulating against the leadi edge surface. This rixture of bleed
air and ambient air then passes through small passages in the leading
edge surface. This is shcan in detail B of the sketch.

After the air flows througn the passages it is palled back into
the venturi by the ejectors. This mixes with more bleed air and the
air recirculates through the passages.

This recirculating process continues as long as the anti-icing
system is on. As the air reaches the outboard tip of the leading edge
surface, some of it is vented overboard through a vent; the rest of the
air continues to recirculate through the passages.

A

Figure 8.
11
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Frame 9 (Cont'd)

Fill in the blanks to complete the following statements.

1. The temperature of the air circulating against the skin of the
leading edge is cooled by mixing air and

2. Ambient air is mixed with bleed air by action of the
and formed

air.

3. After recirculating through the passages, the antiicing air is
overboard.

12
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Answers to Frame 9: 1. bleed, ambient 2. ejector nozzles, venturi
3. vented

Frame 10

With the recirculating of air through the leading edge anti-icing
ducts, the temperature in the leading edge space could still go past a

safe operating range.

When the system is on, an anti-ice control thermostat is used
to cycle the anti-icing valve on or off.

But, before we go through the operation of the anti-ice control
thermostat, we need to bring out two concepts that may be new to you.
One is how a mercury thermostat operates and the second is He use of
an electrical circuit called a "holding circuit."

Mercury thermostats are used in both the anti-icing systems and
the cabin temperature control system. Holding circuits are used in
the anti-icing control thermostat, in conjunction with the mercury
thermostat, and in the ice detection system that you will learn later.

Mercury thermostats are used to control a relay which in turn will
control a valve. You are probably familiar with the common mercury
thermometer. A mercury thermostat is similar to the mercury thermometer.

The mercury is housed in a glass tube. When the temperature near
the glass tube goes up, the mercury will expand. This will cause it to

rise in the tube. Whan the temperature goes down, it will shrink, which

will make it fall in the tube.

Since we know that mercury is temperature sensitive, it should be
easy to see that it can be used in a temperature control device.

To show how a mercury thermostat can be used as a temperature
sensitive control device, we'll start with a ve:y simple control circuit.

Figure 9 shows a mercury thermostat that controls a light bulb. In

this simple circuit, when the temperature is below some set value, the

light will be off. Then as the temperature goes past the set value, the

light will come on, because current will flow from ground, through the

mercury in the thermostat, through the lamp and to the power source.

This completes the circuit and turns on the light.

The mercury thermostat acts as a switch for the light. The shaded

area shows the mercury after the temperature goes up. Note that the

mercury completes a circuit to turn on the light.

THERMOSTAT

Figure 9.
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Frame 10 (Cont'd)

Fill in the blanks to complete the following statements.

1. An increase in temperature will cause the mercury to
(expand/contract).

2. The mercury thermostat can be used as a temperature sensitive

3. In the basic circuit illustrated in figure 9, an increase in
temperature will turn the light (on/off).
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Answers to Frame 10: 1. expand 2. switch 3. on

Frame 11

Now let's put the mercury thermostat to work controlling a
solenoid valve.

Figure 10 shows a circuit that uses a mercury thermostat to control
a relay which in turn controls the solenoid. In this circuit, the
solenoid will be deenergized when the temperature goes past some set

value (let's say 180°F).

As the air temperature on all sides of the thermostat gets to
180°F, the mercury will rise to the 180°F contact point (shown by the
shaded space) which completes the ground circuit for the relay.

Let's see how this circuit works. When the switch is closed
(moved to the on position), a path for 28V DC is completed through
point A and point B on the solenoid coil, through the relay contacts,

to ground. This will energize the solenoid.

When the temperature builds up to 180°F, the mercury will rise
and complete a path through the mercury to ground for the relay coil.
This will energize the relay, and pull the contacts down. Note that

this will open the ground circuit for the solenoid.

As the temperature drops below 180°F, the mercury will drop in the
tube and open the circuit to the relay. This wiles deenergize the relay,

and complete the circuit to the solenoid ground. Nov the solenoid will
gain be energized. Note that the thermostat controls the anti-ice valve

by making and breaking ground for the solenoid.

SOLENOID

IA I

1800f

Figure 10.

THERMOSTAT

Remember, the temperature of the air determines the height of the

mercury. The height of the mercury determines which circuit is operating.

15
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Frame 11 (Cont'd)

Fill in the blanks to complete the following statements.

1. When the mercury in the thermostat reaches the 180°F point, the
relay will be (energized/deenergized).

2. When the relay is energized, the solenoid will be
(energized/deenergized).

3. The thermostat assembly (relay and thermostat) controls the
circuit of the solenoid.

16
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Answers to Frame 11: 1. energized 2. deenergized 3. ground

Frame 12

We've seen how a mercury thermostat can be used to deenergize a
solenoid at 180°F. Now let us assume we want the solenoid to stay
deenergized until the temperature drops several degrees below the 180°F
setting (let's say to 158°F). This is where the "holding circuit" will
be used.

Figure 11 shows the same mercury thermostat control circuit as
before but now.a holding circuit has been added and is shown by the
dark, bold lines.

Frame 10 showed how a mercury thermostat could be used to control
a valve (solenoid) at 180°F. In that circuit the relay was energized
as the temperature reached 180°F, and deenergized as the tempeature
dropped below 180°F.

Now let's see how the thermostat control circuit can energize the
relay when the temperature reaches 180°F and then keep it energized
until the temperature drops below 158°F.

SOLENOID

Figure 11.

IHOLDING
CIRCUIT

Figure 11 shows the mercury on the rise due to a temperature
increase. The mercury will first come in contact with the 158°F
point. But, note that since the relay is still deenergized it will
have no effect on our control circuit.

As the temperature goes up the mercury will rise in the the to
the 180`F point. This will complete the ground circuit to the relay
coil and will energize the relay. With the relay energized, note
that the relay coil now has a second path to ground through the
lower relay contact and through the 158°F point on the thermostat.

Now as the temperature drops, the mercury also drops. But now
the circuit through the 158°F point will keep the relay energized
until the temperature drops below 158°F.
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Frame 12 (Cont'd)

The circuit through the 158°F point serves to hold the relay
energized while the temperature drops from 180°F to 158°F. This
is why it is called a holding circuit.

What effect does the holding circuit have on the solenoid? When
the relay is energized, the solenoid will be deenergized. From this
we can see that the solenoid will be deenergized when the temperature
rises to 180°F and will stay deenergized until the temperature drops
below 158°F.

Fill in the blanks to complete the following statements.

1. After the temperature reaches 180°F, the solenoid will remain
(energized/deenergized) until the temperature

drops below 158°F due to the

2. The mercury thermostat provides the ground circuit for the
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Answers to Frame 12: 1. demergized, holding circuit 2. relay

Frame 13

The sketch below shows the antiicing valve with the thermostat
control circuit. From the information given in frames 10 through 12
you know how the thermostat assembly controls the antiicing valve.

The thermostats are found in the leading edge, downstream of the
valve outlet. There is one thermostat for each valve.

The thermostats are made to close the antiicing valve when the
temperature goes past 180°F and to reopen the valve when the tempera
ture drops below 158°F. The sketch shows the electrical circuit for
one valve. The electrical circuit is the same for the rest of the
valves.

WING AND
OFFICE

CONTROL

TO OTHER

IIESSENTIALBLIS L
NVDC ANTWaNGCONUOL

ON j VALVES

_J
COPILOT'S LOWER
CIRCUIT BREAKER

PANEL

PANEL

THERMOSTAT

AIR FLOW

Figure 12.

Fill in the blanks to complete the following statements.

1. The leading edge antiicing system contains
temperature control thermostats.

2. The temperature control thermostats controls the
circuit of the antiicing valve solenoid.

(2, 4, or 6)

3. The thermostat controls the leading edge temperature by cycling the
open and closed.

19
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Answers to Frame 13: 1. 6 2. ground 3. anti-icing valve

Frame 14

So far we've seen two ...ays to control the temperature of the bleed
air used for anti-icing. These are the mixing of the air through the
ejectors which tends to cut dowu the temperature, and then the thermostats
that control the leading edge temperature between 158°F and 180°F.

However, there is always the possibility that a thermostat will fail
or a valve will stay open w!L would cause an overheat condition.

Temperature indicators a._ used to show the leading edge temperature.
The temperature indicators are shown in figure 13.

These indicators are marked "inoperative," "normal operating range,"
and "ovn-heat." There are a total of six (6) indicators, one for a certain
section of the leading edge. Each indicator responds to input from a
corresponding temperature let* ng bulb located in the leading edge. section.

During system operation, if the temperature is between 93°F and 18C°F,
the ineuators will be in the "normal operating range."

If the temperature in a leading edge section drops below 93°F, the
resistance in the sens:...-45 bulb increases and thereby causes less current
to be applied to the indicator, causing it to read "inoperative."
;Remember tae principle of a negative coefficient sensor.) Tf tnis happens,
the pilot can assume that one of two conditions exist; either the anti-ice
valve for that section of leading edge has failed to open or an indicator
it, giving a faulty reading. To verify this, the crew must periurm a visual
inspection of the leading edge section for an ice buildup.

let's see what will happen if the temperature in the leading edge
section ...Acreases to above 180°F. Remembering the negative coefficient
sensor principle, you an see that resistance in the temperature
sensing bulb will now decrease and cause more currc to flow to the
indicator. As this occurs, the indicator will climb I.nto the "overl--at"
area. The pilot now can assume that either the indicator is defective or
an anti-ice valve is stuck in the open position.

LIFT 00 744 om LETT 03.0 W444 LITT STU rod TN .4, sus YS[ 4mT 44.0 ISSMT 04114 WING

L1. CaTOSS IDT(0NE.T L ACC.4 1041 TET1014,1411 1,044,041e----40144 TOSE TEMPl4AT

4°04

WING AND
--.:ER INDICATORS

TO

EMP TEMP
INDICATOR

ESSENTIAL BUS

28V DC
TEMP

INDICATOR

Figure 13.
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Frame 14 (Coned)

TU figure 13, the electrical circuit for one indicator is shown.
The circuit for the other indicators are the same.

rill in the blat.ks to comple-e the folloring statements.

1. When using the leading edge anti-icing system, the pilot can
monitor the leading edge temperature by observing the

temperature

2. Tne leading edge temperature indicators are marked

and

3. The temperature in the leading edge is sensed by

21
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Answers to Frame 14: 1. indicator 2. inoperative, normal operating
range, overheat 3. sensing bulbs.

Frame 15

In addition to the temperature indicators, six thermostatically
controlled overtemperature warning lights are provided to monitor
overheat conditions.

The overtemperature warning lights are found directly below the
indicators on the anti-icing panel (see figure 14). They are used to
verify an overheat condition. This means for example if the left outboard
wing temperature indicator is in the overheat range, then the left
outboard wing overheat light should be on. This tells the pilot that two
separate indication devices are saying the same thing and that he should
take the appropriate action.

The warning light only tells the pilot of the overheat condition;
he must take the appropriate action to correct the problem. This could
involve turning off the anti-icing system or closing the engine bleed
air valves and the isolation valves for one or both wings.

The warning lights are operated by separate warning thermostats
found in the leading edge. There are two overheat warning thermostats
hookeA to each light.

Using two thermostats allows sensing of the temperature in two
different areas within each section of the leading edge.

The sketch in figure 14 shows the electrical circuit for one
warning light. All six thermostats are wired the same.

WING ANO
DAP
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LIGHTS

..* a. 011.... ..116 war so., «AS
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I IGNT

ESSENTIAL BUS
28V OC
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Figure 14.
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Frame 15 (Cont'd)

Fill in the blanks to complete the following statements.

1. Should the temperature ir the leading edge exceed a safe operating
range, the pilot will be warned by the overtemperature

2. An overheat condition in the leading edge is sensed by overheat

3. With the anti-icing system operating, one section of the wing
leading edge over heats. This could be caused by a malfunctioning
temperature control

.

4. During flight, to correct the problem stated in question 3 above,
the pilot would have to turn off the
system.
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Answers to Frame 15: 1. warning light 2. warning thermostat

3. thermostats 4 wing anti-icing

Frame 16

Figure 15 shows the complete anti-icing system for the left wing
and empennage. The right wing is the same as the left wing. Study the
sketch and find each of the parts that have been discussed in the past
frames. Complete each of the following statements using the sketch as
an aid.

1. The leading edge anti-icing system contains anti-icing

valves.

2. Each empennage anti-icing valve controls air for one side of the
stabilizer and half of the stabilizer.

3. The leading edge overheat warning system contains
(3, 6, 8, or 12) thermostats.

4. The wing leading edge anti -icing system is divided into
and contains anti-icing valves.

5. The wing anti-icing switch controls (2/4) anti-icing
valves.

6. During operation of the leading edge anti-icing system the air
temperature can be monitored by the temperature

7. The six temperature, in tors are operated by changes in
resistance of the temper ure sensing located in the
leading edge.

8. An overheat condition in the leading edge surface is indicated
by the overtemperature

9. A warm air mixture is circulated through the leading edge
passages by the action of the

10. When the wing leading edge anti-icing switch is placed to ON it
energizes the of the wing anti-icing valves.

11. The anti-icing valve is actuated open by

12. The leading edge anti-icing temperature is controlled between
158°F and 180°F by the anti-icing

13. The thermostat assembly consists of a thermostat
and a
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Answers to Frame 16: 1. six 2. horizontal-vertical 3. 12

4. four sections, 4 5. four 6. indicators
7. bulb 8. warning lights 9. ejector nozzles

10. solenoid 11. air pressure 12. control thermostat
13. mercury relay

SECTION B
Frame 17

In the past frames you learned that the air for anti-icing is held
in check by air actuated, solenoid controlled valves and that the
solenoids are controlled by mercury type control thermostats.

At the time of normal operation of the anti-icing system, the
temperature of the anti-icing air in the leading edge is shown on
temperature indicators found in the cockpit.

Should the temperature in the leading edges go past a safe
operating range, an overtemperature warning light will be turned on
by overheat warning thermostat.

The electrical circuitry for this system is shown in foldout 1.
Foldout 1 is the last page of this text, please open to this foldout now.

Thls sketch shows the anti-icing valve solenoids, anti-icing control
thermostats, overheat warning thermostats and temperature sensing bulbs
for each of the six zones. Find each of these parts on the diagram. Now
find the anti-icing wing and anti-icing empennage switches, the leading
edge temperature indicators, and the overtemperature warning lights.

The electrical circuitry for control of each zone is the same. Let's
trace the circuits for the left outboard wing zone.

Use your RED pencil and draw the anti-icing wing switch to the ON
porttion. Trace from the wing and empennage ice control circuit breaker,
through the anti-icing wing switch, and up to pin A of the left outboard
wing anti-icing valve solenoid.

Then trace through the .olenoid to pin B and then down the top
contact of the anti-icirg co.ntrol thermostat. Trace througt ,ne thermo-
stat relay to ground.

This circuit will energize the solenoid, permitting the anti-icing
valve to open if air pressure is available. Note that the circuit from
the wing anti-icing switch powers each of the wing anti-icing solenoids
in the same way.

With your red pencil trace from the junction below the solenoid to
point X and down to the thermostat relay coil. Trace through the relay
coil to the 180°F contact.

Since the mercury is down, this is an open circuit and we have only
a voltage potential. As the temperature reaches 180°F, the mercury will
complete the circuit, energizing the relay. This opens the ground circuit
to the solenoid which closes the valve.
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Frame 17 (Cont'd)

Using your BLUE pencil, trace the overheat warning light circuit
for the left outboard wing.

Start by tracing from the wing and empennage overheat light circuit
breaker to the left. outboard wing overtemperature warning light. Then
trace from the overtemperature warning light to pin A on each of the
overheat warning thermostats.

If either thermostat contact closes, due to an overheat condition,
it will complete the circuit to ground, which will turn on the warning
light. Again note that the circuits for all six lights are the same
and operate in the same way.

Using your GREEN pencil, trace the circuit for the left outboard
wing temperature indicator.

Start by tracing from the wing and empennage temperature indicator
circuit breaker to the left outboard wing temperature indicator.

Then trace from the indicator to pin A of the left outboard wing
sensing bulb. Continue tracing through the sensing bulb to pin B and
ground.

Remember from Frame 14 that the resistance of the sensing bulb will
vary with the changes in temperature. This change in resistance will
change the current flow through the indicators. The change in current
flow through the indicators will inform the pilot if the system is
operating normally, is inoperative, or is in an overheat condition.
Notice that all six indicator circuits are the same.

Fill in the blanks to comclete the following statements.

1. The overtemperature warning lights are turned on by

2. The anti-icing control thermostat controls the anti-icing valve
by opening and closing the

circuit to the solenoid.

3. The anti-icing control thermostat consists of a
and a type thermostat.
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Answers to Frame 17: 1. overheat warning thermostat
2. solenoid, ground
3. relay, mercury

Frame 18

PERFORMANCE EXERCISE

On foldout 1 there are 15 circled numbers. These numbers indicate
troubles, either in a circuit or a part. The numbers that point to a part
mean that the part could have a short or an open circuit on the inside.
Each number may be used once, more than once, or not at all.

The statements below give the condition for a trouble in the system.
Read the statement, then analyze the sketch to determine the possible
cause. Place the number of the trouble that could cause this condition
in the blank provided.

1. The Light inboard wing overtemperature warning light comes on
with the anti-icing system OFF.

2. With the anti-icing switches ON, the right stabilizer and fin
base temperature indicator shows inoperative.

3. With both anti-icing switches ON, the wing system operates
normally, but the empennage system fails to operate.

4. During operation of the anti-icing system, the left stabilizer
and fin tip temperature Indicator goes to overheat and the
warning light comes on.

5. With the anti-icing system turned ON, the left stabil! .r and

fin tip anti-icing valve fails to open.

6. During operation of the anti-icing system, the right inboard
wing temperature indicator shows OVERHEAT, and the
uvertemperature warning light comes on.

7. During operation of the system, the right outboard wing
temperature indicate: shows OVERHEAT and the warning light
comes on.

8. During flight, the right outboard wing temperature indicator
shows an overheat condition has occurred but the warning light
does NOT come on.

9. The right inboard wing temperature indicator shows inoperative
with the wing anti-icing switch ON. Visual inspection reveals
an ice buildup on the right inboard wing.

10. During flight the riga inboard wing temperature indicator shows
inoperative with the anti-icing switches ON. Visual inspection
reveals NO ice buildup on the right inboard wing.

hAVE GRADED BY INSTRUCTOR.
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Frame 19

At this point you should know how a leading edge anti -icing

system works. But your tasks as a maintenance mechanic demands

that you keep this system working right. So the next points, we need

to look at are the inspection and maintenance procedures:

Inspection of the system takes in a visual inspection for cracks
in the ducting, corrosion, loose connections, or any signs of leaks.

The insulation should be checked for being secure and to make sure

there are no tears. The system should be checked to make sure the

parts are working right.

The system can be checked for operation while the aircraft is on
the ground by looking at the temperature indicators for a temperatur'

rise. Most technical manuals will caution you not to operate an
anti-icing system for more than 30 seconds while the aircraft is on

the ground.

Since there is no airflow over the leading edge surfaces, such as
there is in flight, leaving the anti-icing system on for more than
30 seconds could damage the leading edge by warpirg the skin.

The general procedures for performing an operational :le k are as follows:

1. Make sure all systems using bleed air are OFF.

2. Apply bleed air to the system using either the GTC, ground
air cart, or engines.

3. Place the wing and empennage anti-icing switches to ON.
Look at the bleed air pressure gage as the switches are
turned on. The bleed air pressure should drop indicating
that the valves are opening.

4. Look at the anti-icing temperature indicators. The temperature

indicators should show a temperature rise of approximately the
same amount on all indicato s. If one indicator does not show
a temperature rise, then it dill be necessary to check the valve

in that specific location.

The operational check procedures are used to find out if the

valves will open. It does not check thermostat operation. Keep .Ln

mind that the procedures given are general concepts only.

NOTE: Before doing any maintenance on an aircraft, you must
always refer to the applicable technical manual for the
correct procedure and to determine specifically what must
be done.

29
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Frame 1.9 (Coned)

The repair procedures depend on the cause for the specific
problem. If a valve fails to operate properly, you will have to
find out the cause through troubleshooting. In most cases the
problem will be due to a defective ..-alve or thermostat. This would
require replacement of the defective part. Again, it's a must that
you refer to the technical manual for the correct removal and
replacement procedures,

Fill in the blanks to complete the following statements.

1. When performing a ground operational check, anti-icing valve
operation is indicated by a temperature rise on the

41
2. The maximum time for operating the aL_i -icing system while

the aircraft is on the ground is

3. To determine procedures for operational checking or repairing
the anti-icing system, you should refer to the aircraft

30
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Answers to Frame 19: 1. temperature indicators 2. 30 aeconda

3. technical manual

Frame 20

Place a T or F in the blank to identify the statements that are either
true or false.

1. Each section of the wing leading edge anti-icing system
has an anti-icing shutoff valve.

2. The wing anti-icing switch controls four valves.

3. During flight, air can be supplied for anti-icing
by the GTC.

4. When the leading edge anti-icing valve solenoids are
energized the valve will be open.

5. The wing leading edge anti-icing valves are solenoid
controlled and pneumatically actuated.

6. During anti-icing operation, the temperature of the
leading edge is controlled by a mercury thermostat.

7. An overheat condition of the leading edge is indicated
by the temperature indicator and by warning lights.

8. The anti-icing systems should never be operated for more
than 30 seconds when the aircraft is on the ground.

9. To perform an operational check of the anti-icing systems,
you should follow the steps given in the technical manual.

10. During operation of the anti-icing system, the thermostat
controls thy position of the valve by opening and closing
the solenoid ground circuit.

Answers to Frame 20:

1. T

2. T

3. F

4. T

5. T

6. T

7. T

8. T

9. T

10. T
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OBJECTIVE

Using a wiring diagram, specify four Gut of five given air intake
duct anti-icing system control circuit troubles.

TNSTRUCT/0"

This text presents material in steps called frames. After arch
frame you are asked to respond to questions in some manner. Read the
material carefully and accomplish what each frame directs you .o do.
The correct answers are given at the end of the next frame. If you

have answered each response correctly continue on to the next frame.
If you are incorrect, read the material again and correct your answer
before continuing.

This programmed text will cover the function and operation of the
air intake duct anti-icing system, the system components, and the ice

detection system. In sedition, the location of the switches on the
control panel will be gone over, and you will be required to trace
through the electrical circuit to learn normal operation. Finally,

you will be required to analyze the wiring diagram and determine the
cause for system troubles that you will be given.

Proceed or to Frame 1.

Supersedes ST 3ABR42531-PT-208B, 28 August 19M1.
OPR: 32 70 TCHTG

DISTRIBUTION: X

3370 TCHTG/TTGU-P - 1000; DAV - 1
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Frame 1

The previous text told hov hot engine bleed air is used to prevent
ice from building up on the wing and empennage leading edges. In the
previous text we also pointed out the various areas that were anti -iced
on a typical cargo aircraft.

The sketch that was used in the previous text is shown again in
figure 1 below. Note that item 4 points to the engines. If the aircraft
flies into an area where icing conditions are taking place, the ice will
build up on the engine air intake drcts. In fact, ice will build up in
the engine inlet area sooner than on the leading edges. This is due to
the increase in air velocity at the engine air intake which causes a
lower temperature.

Ary buildup of ice in the engine air intake system could be harmful
to engine operation. In this text we'll discuss how ice is detected in
the air inlet and how any buildup of ice is prevented.

Figure. 1.

NO RESPONSE REQUIRED

3
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Frame 2

Figure 2 below shows the engine
air flows from the engine to the oil
The bleed air is taken from the last
is normally called the "enOle inlet

nacelle and shows how the bleed
cooler scoop and air intake scoop.
stage of engine compression. This

scoop" anti-icing system.

Note the arrows that show the _low of air from the bleed air tap-
offs to the air intake scoop area. Also note the small arrows showing
the flow of air through the passages around the air intake scoop.

BLEED A IR

TO OIL
COOLER
SCOOP

BLEED AIR TO
ENGINE AIR INTAKE

1

ENGINE
BLEED AIR

\ VALVE

ENGINE INLET
SCOOP 4 u

\(# \ 6? )/

14'0)
OIL COOLER RAM
AIR INTAKE

Figure 2.

'1"----74(:-.01L COOLER
EXHAUST

"V" BLEED AIR
MANIFOLD

OV COOLER

Fill, in the blanks to conpite the following statements.

J. The air for the anti-icing system (inlet air scoop) is
stage ingin2 compression.

taken from the

2. The air for anti-icing the air in ake scoop is cirrtulated through



Frame 3

A solenoid controlled, air actuated valve is used to control air
flow to the air intake and oil cooler scoops. Figure 3 shows the engine
air intake and oil cooler scoop anti-icing val'ie. Reference point A in
the illustration shcws the location of this valve in the system. This
valve is normally called the "engine inlet scoop anti -icing valve."

There is one feature about the engine inlet scoop anti-icing valve
that is different from other valves that you've studied. On this valve
the solenoid is energized to close the valve, and deenergized to open
the valve. This is called a fail-safe valve. That is, if there is an
electrical power failure the valve will open. This feature insures
anti-icing of the scoops eve with an electrical power failure.

A

ENGINE
,..---------.-, BLEED AiR

-\,, CHECK
VALVE'

ENGINE AIR INTAKE AND OIL COOLER
COOP ANTI-ICING VALVE /

BLEED AIR
10 OIL
COOLER
SCOOP

BLEED AIR IC
ENGINE AIR INTAKE

i
i

ENGINE INLET
SCOOP ----OIL COOLER

RAM AIR OIL COOLER
INTAKE SCOOP

Figure 3.

3

280

- COOLER
Cr!AUST



Frame 3 (Coned)

Fill in the blanks to complete the following statements.

1. Air for anti-icing the engine air intake is contolled by the engine
valve.

2. Opening and closing of the engine inlet scoop anti-icing valve is

controlled by a

3. When the engine inlet: scoop anti-icing valve is closed, the solenoid

is (energized/deenergized).

Answers to Frame 2: 1. last 2. passages

6
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Frame 4

Another area in the air intake duct where ice can build up is the
guide vanes, Figure 4 shows the guide vane anti-icing system. Detail
B shows the inlet vane anti-icing valve, and detail C shown the inlet
vane anti-icing eJlenoid valve. Note the reference points showing the
location of these units on the engine.

There are two inlet vane anti-icing valves for each engine. One
valve is located on each side of the engine as shown in detail D. The
same solenoid controls both valves.

Detail D shows the guide vane and flow of air through the vanes.
The guide vanes direct the flow of ram air to the sr:7,ine compressor.
Any buildup of ice on the vanes could cause engine failure.

B

INLET VANE ANTI-ICING VALVE

INLET VANE
ANTIACING
SOLENOID
VALVE

BALANCE LINE

14TH
STAGE
AIR

Engine Inlet Air Duct and Vane Anti-icing System

Figure 4.
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Frame 4 (Coned)

Fill in the blanks to complete the following statements.

1. Ice is prevented from accumulating on the engine guide vanes by
circulating hot through
the vanes.

2. The units that control air for guide vane anti-icing are the inlet
vane anti-icing valve and the inlet vane

Answers to Frame 3: 1. inlet scoop anti-icing
2. solenoid
3. energized

8
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Frame 5

The inlet vane anti-icing solenoid valve controls the on and off
action of the guide vane anti-icing system. The bleed air from the
14th (last) stage is directed to the anti-icing air valve as shown in
the illustration below.

When the solenoid is energized, a3 shown, the anti-icing valve is
held closed by the pressure of the bleed air. When the solenoid is
deenere.zed it opens a vent port that vents the pressure from the poppet
in the anti -king air valve, thus allowing the valve to open. The 14th
stage bleed air can now flow to the guide vanes.

ANTI-ICING
AREAS

Amp 14th STAGE
MS AIR

ANTI-ICING AIR
VALVE

a& VENT TO
ATMOSPHERE

ANTI-ICING SOLENOID
VALVE

Figure 5.

Fill inthe blanks to complete the following statements.

1. The guide vane anti-icing air valve is controlled by the anti-icing

p

2. Deenergizing the anti-icing solenoid valve opens a

3. When the anti-icing solenoid valve is energized, the anti-icing air
valve will be (open/closed).

Answers to Frame 4: 1. bleed air

9

2. solenoid anti-icing valve
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Note: As we begin describing each component and trace the current flow
through this circuit, you will notice we have attempted to simplify come
of the nouns of the different components. Many of the descriptive nouns
have been cut down, for example: "prop and engine anti-icing master switch"
will become "the master sTAtch," and "engine air anti-icing relay" has
become simply "the anti-icing relay." In this way we hope to :revent any
unnecessary confusion.

Frame 6

The engine inlet air duct and vane anti-icing system can be controlled
either automatically Jr manually.

The MASTER SWITCH controls the manual or automatic selection. ANTI-ICING
SWITCHES control the on and off selecticn of the anti-icing valves.

Placing the MASTER SWITCH in AUTO and the ANTI-ICING SWITCHES ON, the
anti-icing valves will be closed, until an icing condition occurs. Then thy_ ice

detection system will open the anti-ice valves.

Notice the Master Switch in figure 11. This same switch is also shown in
illustrations A, B, and C below. This is a three position switch. The positiors
ar( MANUAL, AUTO, and RESET.

Illustration A shows the switch in manual position. Notice that the switch
armature is down. By looking at figure 11, you will see that this directs power
to the reset relay coil.

Illustration B shows the switch in the AUTO position. In this position te

switch simply opens the circuit to the reset relay coil. This permits the reset
relay to remain deenergized.

The third position on the switch is RESET. This is snown in illustration
C. Notice the contact for the reset position is triangular shaped. This means
the switch is spring loaded from this position, or that it must be held in this
position.

MASTER
SWITCH .RESET

Ck::.411AUTO

MANUAL

A.

.RESET RESET

400==.411AUTO 40AUTO

°MANUAL ()MANUAL

B. C.

Figure 6.

Fill in the blanks to complete the following statements.

1. Manual or Auto operatior of the engine air intake duct anti-icing
system is selected by using the

2. When the master switch contacts are in the center position, anti-icing
valves will be controlled (automatically/manually).

Answers to Frame 5: 1. solenoid valve 2. vent 3. closed

10
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Frame 7

Figure 7 shows the electrical schematic of the engine inlet air
duct and vane anti-icing system. Remember, when the system is off, the
solenoids are energized, and when ON the solenoids are deenergized.
Let's follow the circuits for anti-icing control for number 1 engine
to see how this system is controlled manually.

Follow the diagram as you read.

Placing the master switch to manual will energize the reset relay
pulling the reset relay's armature down. By energizing the reset relay you
are opening the circuit which energizes the anti-icing relay. The purpose
of deenergizing the anti-icing relay is to take away a second path that
current could flow from the anti-icing valves across the relay armature.

Now that the second path has been taken away, you can manually control
the anti-ice valves by placing the anti-ice switches to either the on or
off position. Notice that when the switches are off the anti-ice valves
are energized, holding them closed. When the pilot places the switches to
on, the valves are deenergized open. They are fail safe valves; in case of
a loss of electrical power, they are deenergized open.

Note: Not all of the ice detection system is shown.

DE-ICING

28 VDC

MASTER
SWITCH

RESET

AUTO

MANUAL

1

1

I ANTI - ICING

ENG ANTI- ICE
: SWITCHES

NO 181 2 I
---.0 I

I

0°N

OFF----- 1M1
28 V DC 0-1 2

1

ONI 0I -0.....o.
1

I
I NO 'I OFF

I,

2or"-

ANTI- ICING
RELAY

0' A-IWARNING-ICING
CONDITION

LIGHT

Ng& AUTO

RELAY

Figure 7.
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Frame 7 (Continued)

Fill in the blanks to complete the following statements.

1. When the anti-icing switches are off, the engine air intake scoop
anti-icing solenoid valve will be .

2. The engine inlet air duct and vane anti-icing valves will be open

when the solenoids are .

Answers to Frame 6: 1. master switch

2. automatically

12
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Frame 8

Placing the master switch to AUTO rill turn on the ice detection
system. With the ice detection system operating, the anti-icing switches
must he placed to ON, but the valves only open when an icing
condition occurs.

Find the anti-icing relay and the auto relay on the sketch shown
(figure 8). When the ice detection system is operating, with no ice, the
auto relay is deenergized and completes the circuit to the anti-icing relay.
This keeps the relay energized, and pulls the armatures down. This circuit
is in a no ice condition. Keep in mind that anti-icing control of all
four engines is the same. Note that in the no ice condition, the electrical
circuit is complete to the solenoids.

When an icing condition takes place, the ice detection system will cause
the auto relay to energize. This opens the circuit to the anti-icing relay
causing it to deenergize. This will deenergize the solenoids opening the
valves. This results in heat being applied to the engine inlet scoop and
oil cooler, to melt the ice.

NOTE: Not all of the ice detection system is shown.

DE-ICING

28 VDC

MASTER

SWITCH

ENG ANTI-ICE
NO 182

28 VDC

r

RESE T

w- AUTO

0 MANUAL

ANTI-ICING
SWITCHES

A

ON

ONO 2 OFF

_ctON

OFF

NO. I
ENGINE

1

WARNING-ICING
CONDITION

LIGHT

II

R SET
RELAY

ANTI-ICING
RELAY

ANTI- ICING
CONTROL PANEL

Figure 8.
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Frame 8 (Continued)

Fill in the blanks to complete the following statements.

1. With the master switch in AUTO, and a no ice condition, the
anti-icing relay will be

2. When the anti-icing relay is energized, the anti-icing valves
will be (opened/closed).

3. The anti-icing relay is controlled by the
system.

Answers to Frame 7: 1. energized 2. deenergized.

14
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Frame 9

Select the component name from column B that matches the statement
given in column A. Place the letter of the matching component in the
-plank space provided.

Column A

1. Controls the inlet vane
anti-icing valves.

2. Controls the automati
manual selection of the
anti-icing system.

Column B

A. Engine air intake end oil
cooler scoop anti-icing valve.

B. Inlet vane anti-icing valve.

C. Inlet vane anti-icing solenoid
valve.

Master switch.

3. Directs 14th stage air to
passages in the guide vanes. D.

4. Directs 14th stage air to
passages in the air intake
scoop.

E. Anti -icing switch.

Answers to Frame 8: 1. energized 2. closed 3. ice detection

15
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Frame 10

The ice detection system is used as an automatic control for the

engine inlet air anti-icing system. That is, it will automatically open

the engine inlet scoop and guide vane anti-icing valves when an icing

condition takes place. Keep in mind that this system does not control

the wing or tail leading edge anti-icing system.

The ice detection system consists of one detection unit, one

interpreter, one auto relay, a warning-icing condition light, and a

no ice light. The detector and interpreter are the two major components

(see figure 9).

The interpreter is found on the ice detection panel. The detector is

found in number 2 engine nacelle. The probe of the detector unit goes through

the nacelle and into the inlet air duct just in front of the engine.

rDETECTOR-1
THERmOSWITCH

PROBE
HEATER

IkAN..411

CASE HEATER

PRESSURE
SWITCH

NAC NO.

Figure 9.

ICING
INTERPRETER

ENG NO.2

r-INTERPRETER -1

Fill in the blanks to complete the following statements.

ARMING
RELAY

2

I A

II

POWER
RELAY 15 SEC I

1. The ice detection system controls the opening of the
and anti-icing valves.

2. The two major components of the ice detection system are the

and

3. The ice detector is located in the inlet scoop of engine number

Answers to Frame 9: C 1. D 2. B 3. A 4.
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Frame 11

The detector, shown in figure 10, is made up of the probe, probe heater,
a pressure sensitive switch, a case heater, and a thermoswitch, the probe,
extending into the inlet air scoop, senses the pressure of the incoming ram air.
If there is no ice, the opening to the probe is open and the pressure of the
incoming ram air is passed on to the pressure switch. This pressure will keep
the pressure switch armature in the no-ice position. An airspeed of 40 knots
or above (or by operating the engine) will provide enough air pressure to
actuate the switch to a no-ice condition.

The case heater anii the thermoswitch maintain temperature between 55
degrees and 75 degrees F in the detector unit. This prevents moisture from
accumulating. The thermoswitch reacts to air temperature. If the temperature
exceeds 75 degrees F, the switch contacts will contract and open. If the
temperature is below 75 degrees F, the switch contacts will expand and close,
completing the circuit to the heater.

r--1.4TEPPRETER1 rDETECTOR-1
II THERMOSWITCH

ARMING
RELAY

PRESSURE I

SWITCH

6 HEATER
Ame-0

L_
LNAC NO.2 J

Figure 10.

When the aircraft flies into an icing condition, the ice will form over the
opening in the probe. This will stop the pressure that goes to the pressure
switch. The switch armature will move down to the ice or engine stopped position.
This will apply a voltage potential at point B, energizing the power relay. This
pulls its armature down, applying a voltage potential at junction 5.

This will energize the 15 second time delay. The time delay consists of a
heater and a thermoswitch. If the heater is energized for more than 15 seconds,
it will build up enough heat to open the time delay thermoswitch. This is
abnormal oper-,tion. If this happens, all automatic operation will be lost.

The voltage potenital would also be applied to junction 6, energizing the
probe heater. The probe heater then starts heating to melt the ice from the
probe. While flying in an icing condition, the pressure switch is cycling from
ice or engine stopped to no ice engine run. It does this because the probe is
alternately heated by the probe heater and then iced again. This causes the
pressure switch armature to move up and down, opening and closing the circuit
to the power relay coil at intervals of less than 15 seconds. This will also
energize and deenergize the time delay at intervals of less than 15 seconds;
this is normal operation.

CASEA lAtTER

NO-ICE
ENG RUN

ICE OR
ENGINE
STOPPED
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Frame 11 (Continued)

Fill in the blanks to complete the following statements.

1. The detector consists of a
heater, and

, pressure
heater.

2. The detector detects ice by sensing air

Answers to Frame 10: 1. engine inlet scoop, guide vane

2. detector, interpreter
3. 2

18
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'tame 12

We'll start circuit tracing with manual operation first. On figure
11, using an orange pencil, draw the master switch armature to the
MANUAL position. Trace from the deicing circuit breaker to the master
switch.

Trace through the master switch armature to the reset relay coil.
When the master switch is in manual, the reset relay is energized.
Without tracing, follow the circuit from the DE-ICING circuit breaker to
the top armature of the reset relay. Notice that when the relay is
deenergized, there is a completed circuit that goes to the anti-icing
relay coil.

From this we can see that when the master switch is in manual, the
anti-icing relay is deenergized and when the master switch is in Auto,
the anti-icing relay will be energized.

Keep in mind that when the anti-icing switches are off, the solenoids
will be energized. We'll trace the circuit for the valves in No. 1 engine.
You can then notice that the circuits for the other three engines are
identical.

With an orange pencil, trace from the ANTI-ICE No. 1 and 2 circuit
breaker to the No. 1 anti-icing switch. With the switch in OFF, trace across
the armature to the No. 1 engine scoop anti-icing solenoid valve and to the
vane anti-icing solenoia valve.

This energizes the solenoids, keeping the valves closed. If we place
the switch to ON, we'll open the circuit, deenergizing the solenoids, thus
permitting the valves to open.

Fill in the blanks to complete the following statements.

1. The

operation.
is used to select AUTO or MANUAL

2. When the master switch is in manual the reset relay is
(energized/deenergized).

3. The anti-icing relay is deenergized when the reset relay is
(energized/deenergized).

4. For manual operation the anti-icing relay is
(energized/deenergized).

Answers to Frame 11: 1. probe, switch, thermoswitch, case, probe
2. pressure
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Frame 13

Before we trace the circuits for automatic operation, locate the
following items on figure 11, at the back of this text.

1. Detector

a. Case heater

b. Probe heater

c. Press switch

2. Interpreter

a. Arming relay

b. Power relay

c. Time delay

d. Time delay heater

3. No-ice relay

4. No-ice light

5. Warning icing condition light

6. Auto relay

We'll start by tracing the power potential that will exist when electrical

power is first put on the aircraft. We'll trace the circuits with the master

switch in AUTO and the anti-icing switches ON.

With a red pencil, draw the master switch in AUTO and the anti-icing

switches to ON. Note that with the master switch in AUTO the reset relay

will be deenergized.

Start to trace, in red, the circuit wire from the deicing circuit breaker,
through the top armature of the reset relay, aid through the bottom armature

of the AUTO relay. Then trace to the anti-icing relay coil. This will

energize the anti-icing relay coil, pulling the armatures down. Also, trace

the armatures down in red.

Starting at the ENG ANTI-ICING NO. 1 and 2 circuit breaker, trace to

point A. Then from point A, trace the circuit to the bottom armature of the

anti-icing relay. From this relay armature, trace the circuits to the scoop

anti-icing solenoid valve and to the vane anti-icing solenoid valve. This

will keep the solenoids energized. Notice that to deenergize the solenoids

(open the valves) it will be necessary to deenergize the anti-icing relay.
Also notice that for the system to operate in AUTO, the engine anti-icing

switches must be placed to on.

20

295



Frame 13 (Continued)

With the red pencil, trace from the LH ICE DETECTOR CIF.CUIT breaker to
junction #1. Then trace down to the arming relay and power relay contacts.
Now go back to junction #1 and trace from junction #1 to junction 1/3.
Next trace from junction #3 to the detector thermoswitch down to the no
ice engine run pressure switch contact.

Since the engines are not running, this switch will be in the ICE OR
ENGINE STOPPED position. These circuits provide the voltage potential to arm
the system once the engines are started.

Fill in the blanks to complete the following statements.

1. For the system to operate in AUTO, the anti-icing switches mustbe placed to (on/off).

2. During automatic operation, the reset relay will be
(energized/deenergized).

3. With the master switch in AUTO, when electrical power is first applied
to the aircraft, the anti-icing valve solenoids will be

4. When electrical power is first applied to the aircraft, if the temperature
in the detector is below 55 degrees F the case heater
(will/will not) operate.

5. When the solenoids are energized, the valves are (closed/open).

Answers to Frame 12: 1. master switch
2. energized
3. energized
4. deenergized
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Frame 14

The next step in our sequence is the engine run condition. When

the inboard engine (No. 2) is started, the air pressure in the engine air
intake will be sufficient to move the pressure switch armature to the
NO-ICE ENGINE RUN position.

Using a blue pencil, draw the pressure switch armature to NO-ICE ENGINE
RUN.

With the blue pencil, trace from the pressure switch contact NO-ICE ENGINE
RUN to junction #4.

From junction #4, trace through the time delay thermoswich contact to
the arming relay coil. This will energize the arming relay.

Draw the arming relay armature down. Now go back to the LH ice detection
circuit breaker. Trace from the circuit breaker to junction #1, then down to

junction #2. Then trace across the arming relay armature back to junction #4.

From junction #4 trace back through the arming relay coil. This forms
a holding circuit which will keep the arming relay energized regardless of
the position of the pressure switch armature.

With the blue pencil, trace from junction #4 down to the top armature

of the auto relay. This provides a voltage potential at this point that

will be used when ice is detected, to form another holding circuit. This

circuit will be explained later in this workbook.

Fill in the blanks to complete the following statements.

1. When the pressure switch moves from the engine stopped position to the
engine run position, the ice detection system will be

2. After the arming relay closes, it will be held in this position by the

Answers to Frame 13: 1. on
2. deen2rgized
3. energized
4. will
5. closed

22

297



Frame 15

If an actual icing condition is encountered (during flight), ice will
form over the probe. This will cause the pressure switch armature to move
to the ICE or ENGINE STOPPED position.

Using a GREEN pencil, trace the pressure switch armature to the ICE
or ENGINE STOPPED position. With the green pencil, trace a dashed line from
the pressure switch armature to the power relay coil. This trill energize
the power relay. Draw the power relay armature closed. Then trace a dashed
line frum the power relay armature to junction #5. From junction 5, trace a
dashed line to junction #8, then to junction #9. Then trace down and across
the bottom armature of the reset relay to junction #11, then to the AUTO
relay coil. Now go back to junction #11 and trace to the warning icing
condition light. This circuit turns on the warning light to inform the
pilot of the icing condition, and also energizes the auto relay.

NOTICE that when the auto relay is energized, it opens the circuit going
to the anti-icing relay. Remember, when the anti-icing relay is deenergized
during automatic operation, it permits the anti-icing valves to open.

Go back to junction #6 and trace a dashed green line to the probe heater.
Also trace from junction #7 to the no-ice relay coil. These circuits provide
power to the probe heater and to the no-ice relay, whenever the power relay is
energized.

You're probably wondering why the dashed green line. Part of this circuit
is a cycling circuit. The probe heater is wound around the probe. When
electrical current flows through the heater, it will melt the ice from the
probe. This means that when ice forms over the probe, the pressure switch
armature moves to the ice position which energizes the power relay. This in
turn completes the circuit to the probe heater which melts the ice from the
probe. It normally takes the probe heater less than 15 seconds to melt the
ice from the probe. When this happens, the pressure switch armature moves to
the NO-ICE position which deenergizes the power relay. This opens the circuit
going to the probe heater which permits the ice to again form over the probe
and starts the process all over again.

In the course of normal operation, the power relay should at not time stay
energized for more than 15 seconds. If it should stay energized for more than
15 seconds, the time delay unit in the interpreter will dearm the system.

Let's see how this will take place. Note that when the power relay is
energized, a voltage potential is new at junction 5, energizing the time delay.
The time delay has a heater in it. If current flows through the heater for more
that., 15 seconds it will cause enough heat which will open the time delay thermal
switch, which will open the holding circuit that is keeping the arming relay
energized. This supplies the voltage potentials needed for automatic operation
of the ice detection system.

This will open the circuit through the arming relay which turns the system
off. The system will stay eff until the pressure switch moves back to the NO-
ICE ENGINE RUN position which will rearm the system. This would be an abnormal
operation which could be caused by a trouble such as an inoperative probe heater.
If this does happen, all automatic operation will be lost.

23

298



Frame 15 (Continued)

Also notice that the circuit going to the no-ice relay will also
cycle for the same reason the power relay cycles, causing the no-i-:e

relay to pulsate. However, the anti-icing valves will not cycle. They

will stay open. We'll see how this is possible in the next frame.

Fill in the blanks to complete the following statements.

1. If the pressure switch mmains in the ICE OR ENGINE STOPPED position,
the system will be shut off by the unit.

2. During inflight operation, with the master switch in AUTO, the warning
icing condition light comes en, but after 15 sL inds, the light goes
out. This trouble could be caused by a defective

3. The power relay receives electrical power whenever ice forms on the

4. When the power relay is energized, current will flow through the
heater, relay,

light, and to the auto relay.

5. The anti-icing relay is controlled by the

Answers to Frame 14: 1. armed 2. holding circuit

24

299



Frame 16

411%
We've noted that part of the circuit is cycling. Still, we want the

anti-icing valves to stay open and the warning light to stay on as long as
the aircraft is in an icing condition. This it will do. But let's see how.

r

We previously traced the voltage potential to the top armature (blue
line) of the auto relay. When the icing state was detected, it

energized the auto relay.

With the blue pencil, draw the armature of the auto relay down. Now

trace the circuit from the top armature using a soli: Hue line to junction
#8. Keep on tracing from junction #8 to junction # ", then down and
across the bottom armature of the reset relay. From the bottom armature of
the reset relay, go to junction #11, then on to toe auto relay coil, then
back to junction 411, and to the warning icing condition light.

The circuit from the top armature of the auto relay, around to the
auto relay coil, has formed a holding circuit that will keep the auto
relay energized, even though the circuit from the powe- relay is cycling.

The auto relay will sta" energized continuously, because of the
complete circuit from the top armature to the auto relay. Also, the
light will remain on continuously, for the same reason.

The circuit is also complete from the top of the auto relay armature
to junction #9 and up to the no-ice relay armature, and to the thermal
switch in the no-ice time delay.

With a green pencil trace circuit.

Fill in the blanks to complete the following ste_ements:

1. When an icing condition is encountered, the pressure switch and power
relay will

2. When the auto relay energizes, the to contact will complete a
circuit to keep the relay energized.

Answers to Frame 15: 1. time del-y
2. probe heater

3. probe
4. probe no-ice warning icing .,..edition

5. auto relay
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Frame 17

Up to this point we have traced the circuits that will cause the
anti-icing valves to open by deerirgizing the solenoids, and turning on
the warning lights.

The next step in our sequence is the no-ice condition. When the
aircraft flies out of the icing condition, the pilot has to be told so that
he can turn the system off. An important point to note is that the system
will not turn off automatically.

When the aircraft goes to a no-ice condition, the ice will stop forming
over the probe. The pressure switch will then stay in the no-ice engine run
position. This means the power relay will stay deenergized. When this takes
place there will no longer be a complete circuit to the no-ice relay and
the relay will stay deenergized.

Earlier we had traced a voltage potential to the no-ice relay armature
and to the thermal switch in the no-ice time delay. Since the no-ice relay
is now remaining in the deenergized position, the circuit will be complete
across the armature to the heating element in the no-ice time delay.

When there is a complete circuit for 90 seconds, it will cause sufficient
heat to close the contacts of the thermal switch. When the thermal switch
closes, it completes the circuit to the no-ice light, turning the light on.

Using a BROWN pencil, trace from the no-ice time delay thermal switch
armature to the no-ice light. Complete the circuit to the no-ice time delay
heating element and then through the thermal switch, this turns on the no-ice
light. This tells the pilot that he no longer needs the engine inlet air
duct anti-icing system on. Remember, we stated "arlier that the system will
not shut off automatically; the pilot must turn it off.

Also remember, that the no-ice light will not come on until 90 seconds
after the aircraft flies out of an icing condition.

Fill in the blank to complete the following statements:

1. When ar icing condition no 1 Asts, the NO-ICE light will be turned
on by the

2. The no-ice time delay thermoswitch is closed by a
element.

Answers to Frame 16: 1. pulsate
2. holding
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Frame 18

To stop the anti-icing system from operating, the pilot will
momentarily place the master switch to reset. The switch is spring

loaded from this position. When this switch is held momentarily to

RESET, it will complete the circuit to the reset relay. This will

energize the relay.

Now notice that when the relay is energized, it opens the holding
circuit (bottom armature) to the auto relay. This deenergizes the

auto relay. When the master switch is released it goes back to AUTO,

which again deenergizes the reset relay.

Now notice that when the reset relay and the auto relays are
deenergized, there is a complete circuit to the anti-icing relay coil.

This energizes the anti-icing relay which completes the circuit to
energize the scoop and vane anti-icing solenoids. This closes all

valves.

Fill in the blanks to complete the following statements:

1. After an icing condition, to close the engine inlet scoop and guide
vane anti-icing valves, the pilot must place the master switch to

2. The no-ice light is turned off when the master switch is placed to

Answers to Frame 17: 1. no-ice time delay
2. heating
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PRACTICE EXERCISE

Go to figure 12. This figure contains the electrical diagram of
the system with several troubles indicated by circled numbers. The

following statements identify probable troubles in the system. Read

the statements, then select the circled number from the diagram that

would cause the trouble. Whea complete, have the instructor check

your answers.

1. During flight, with the master switch in Auto, the warning
icing condition light does not come on. but the valves
opened.

2. During flight, the warning icing condition light comes on,
remains on for approximate'y 15 seconds, then goes out. To

maintain engine anti-icing, the system must be operated in
manual.

3. During flight, the master switch in AUTO, the warning icing
condition light shows a pulsating operation, and the engine
anti-ice valves do not open.

4. During operation of the ice detection system, the warning icing
condition light comes on, but the no-ice light does not come on.

5. With the master switch in MANUAL, the No. 1 Engine anti-icing
valves remain open with the switch in off. The valves close
when the master switch is placed in AUTO.

Answers to Frame 18: 1. Resec

2. Reset
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Frame 1

Two separate air conditioning systems supply conditioned air to
the interior of the cargo aircraft. The two systems are similar
except for flow capacity. The higher-capacity system is used for the
cargo compartment and the lower capacity system is used for the flight
deck station.

NO RESPONSE REQUIRED

Frame 2

Each air conditioning system cools bleed air entering into it from
the bleed air supply system, removes water from the cocled air, and
conducts a mixture of hot air and cold air through ducts to outlets
in the aircraft compartments. Temperature of the air supplied to the
interior compartments is regulated by controlling the ratio of hot air
to cold air in the mixture.

Read each statement below, then mark each one either T (true) or F
(false).

1. The air conditioning system refrigerates bleed air, removes
water from the cooler air, and conducts a mixture of hot
air and cooled air through ducts to outlets in the aircraft
compartments.

2. The air conditioning system cools ram air, removes water
from the ram air, and conducts a mixture of ram air and
atmospheric air through ducts to outlets in the aircraft
compartments.

3. The temperature of the air supplied to the compartments
is regulated by controlling the ratio of hot air to cold
air.

4. The temperature of the air supplied to the compartments
is regulated by controlling the ratio of ram air to hot
air.

3
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Frame 3

In this package we shall cover the high-capacity (cargo

compartment) air conditioning system shown in the schematic
below.

Each air conditioning system consists of a venturi-type flow
control and shutoff valve, a refrigeration unit (made up of a heat
exchanger, turbine and fan assembly, and jet pump), water separator,
anti-ice screen, auxiliary vent valve, and distribution ducts.

The cargo compartment system includes the cargo under floor
heating system made up of a floor heat shutoff valve and diverter
valve for heating the cargo floor.

FLOOR HEAT SHUTOFF VALVE

DIVERTER VALVE TEMPERATURE CONTROL VALVE

BLEED
AIR

FLOW
ONTROL

AND
SHUTOFF
VALVE

ORIFICE

TURBINE

FAN ASSY

,/e__,_2%

EPJET PUMP

HEAT EXCHANGE
AUXILIARY VENT

NO RESPONSE REQUIRED
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Frame 4

A venturi-type flow control and shutoff valve, shown below, is
the first unit mounted in the air conditioning system.

This unit is set, by the position of the air conditioning master
switch, for three operating conditions:

1. Operation during flight,

2. operation on the ground with the gas turbine compressor (GTC)
supplying bleed air,

3. and the shutoff condition when air conditioning or
pressurization is not wanted.

During flight operation, or ground operation with the engines
operating, the cargo compartment flow control valve maintains nearly
a constant flaw of 70 pounds per minute(PPM) of air into the cargo
compartment.

The GTC supplies only a limited amount of air for ground air

conditioning. The cargo compartment flow control is set to throttle
flow according to pressure only, regardless of the amount of flow
allowed.

The cargo compartment flow control valve is preset to maintain
a pressure of 55 inches of mercury in the bleed air system to insure an

adequate supply of air to the cargo compartment when the aircraft air
conditioning master switch is in the AIR COND GTC position.

With the air conditioning master switch in the OFF position,
the cargo compartment flow control and shutoff valve closes and stops
the flow of bleed air into the air conditioning system.



Frame 4 (Coned)

Read each statement below, then mark each one, either T (true) or. F
(false) .

1. The flow control and shutoff valve is set for three operating
conditions by the position of the air conditioning master
switch.

2. During £Light operation or ground operation with the
engines running the flow of 70 pounds per minute is
maintained by the flow control and shutoff valve.

3. When the air conditioning master switch is in the AIR CGND
OTC position the cargo compartment flow control and shutoff
valve insures a pressure of 55 inches of mercury to the
cargo compartment.

4. With the air conditioning master switch in the OFF position,
the flow control and Shutoff valve is closed.

Frame 5

An eight hole orifice (21) is installed in the bleed air duct
(22) leading to the heat exchanger.

The orifice is used to drop the air pressure entering the heat
exchanger and prevent oversperiing of the turbine.

TO HEAT
EXCHANGER

22

TO BLEED
AIR DUCT

Circle the number of the statement that best describes the purpose
of the orifice.

1. The orifice drops thc air pressure entering the heat exchanger
and prevents overspeeding of the turbine.

20 The orifice restricts the flow of air leaving the heat
exchanger.

3. The orifice stops the flow of air entering the heat exchanger.

6
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Frame 6

The cargo air conditioning unit (above) is made up of an air-to

air heat exchanger, a turbine and fan assembly, and a jet pump.

Hot bleed air is conducted through dimpled tubes of the heat

exchanger. Because outside (ram) air is drawn over the tubes, part

of the heat of the bleed air is lost to the ram air which is

exhausted overboard from the heat exchanger.

Circle the number of the statement that best describes the purpose

of the heat exchanger.

1. The heat exchanger reduces the temperature of the bleed air by

transferring heat ram air.

2. The heat exchanger reduces the temperature of the ram air by

transferring heat to bleed air.

3. The heat exchanger increases the temperature of the blee' air

by transferring heat from the ram air.



4
Frame 7

[ism air is drawn over the tubes of the heal exchanger by the fan
of the turbine and fan assembly did a jet pomp. Only a small part of
the ram air passes through 016 fat. Thiel part of the air is forced
out at high speed through the jet pump.

The jet pump creates a low pressure area in the heat exchanger
exhaust which' draws a large volume of ram air through the heat
exchanger. L,

The fan, by drawing ran. air across the heat exchanger, puts a load
oft the turbine to keiP it fr6m overspeeding. Bled air, partially cooled
by flowing through the- heat exchanger, iVfed through a/durt to tire
turbine. The' high( pressure air striketith4eturbine bladi; teci-drife the
wheel ax high speed. The warm, high pressure atcthds loses its' heat
energy bKconverting heat' energy termechanical energy ad ei rapid
expansion of the air. Not all the air is cooled.

Air can flow through the turbine bypass or the refrigeration unit
Iypass. The amount of air flowing through the heat exchanger and
turbine depends on cooling requirements established by the temperature
control system.

NO RESPONSE REQUIRED

a
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Frame 8

Read each statement below, then mark each one either T (true) or F
(false).

1. The jet pump creates a low pressure area in the heat
exchanger exhaust which draws a large volume of ram air
through the heat exchanger.

2. The fan by drawing ram air across the heat exchanger,
puts a load on the turbine to keep it from overspeeding.

3. The turbine cools ram air by converting heat energy to
mechanical energy and by rapid expansion.

4. All the bleed air is cooled.

5. The temperature control system establishes the cooling
requirements.

6. The amount of air blown through the heat exchanger and
turbine depends upon the cooling requirements established
by the temperature control system.

1

BLEED AIR

REFRIGERATION UNIT BYPASS

TURBINE BYPASS

11011..I.M

"NA

FAN TURBINE

JET PUMP
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Frame 9

The condenser- eliminator type of water separator shown below is
used to remove 70 to 85 percent of the water from the cooled air.

A conical fiberglas bag (condenser assembly) is used to condense
the fog in the cooled air to water droplets. These water droplets are
carried with the air to the eliminator section. Here they collect
into larger drops, run to the bottom of the unit, and out through the
moisture drain.

A bypass valve (pressure relief valve) is installed in the nose
of the condenser to provide an alternate path for the air if ice or
'ny other substance clogs the fiberglas condenser bag.

CONDENSER ELIMINATOR
ASSEMBLY ASSEMBLY

DRY AIR
OUTLET

PRESSURE
MOIST AIR RELIEF VALVE

INLET MOISTURE
DRAIN

CARGO COMPARTMENT WATER SEPARATOR

Read each statement below, then mark each one either T (true) or F
(false).

1. The water separator removes 70 to 85 percent of the water
from the cooled air.

2. h conical wire screen is used to condense the fog in the
cooled air to water droplets.

3. The water droplets collect into larger drops inside the
eliminator assembly, run to the bottom of the separator,
and drain out through the moisture drain.

4. The pressure relief valve provides an alternate path for
the air if ice or any other substance clogs the
fiberglas condenser bag.
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Anti-Ice Screen.

Frame 10

Icing of the water separator is prevented by an anti-ice control
screen shown above. The screen is mounted in the turbine discharge duct.
If the temperature of the turbine discharge air is at the freezing point
and the air contains enough water, ice form on the screen.

The ice partly blocks the screen area to cause a pressure drop across
the screen, reducing airfim through the turbine. When the airflow
through the turbine reduces, the speed of the turbine is also reduced.
With the speed of the turbine reduced, less cooled air is produced,
allowing the temperature of the turbine discharge air to rise.

When the temperature reaches the melting point for the ice on the
screen, the turbine speed increases again. In this way the turbine
discharge temperature is maintained at the exact freezing point for
the water in the air.

Read each statement below, then mark each one either T (true) or F
(false) .

1. The anti-ice screen prevents icing of the water separator.

2. The speed of the turbine will decrease when the anti-ice
screen ices up.

3. Reducing the speed of the turbine will reduce the temperature
of the turbine discharge air.

4. The airflow through the turbine is reduced when ice partly
blocks the anti-ice screen area.

11
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frame li

When bleed air flows through the cargo compartment air

conditionilg system, it follows three courses as shown in the
schematic telow.

TEMP CONTROL VALVE

BLEED AIR COURSE 1

1

COURSE I

/../ COURSE 2-7r
1I

49 COURSE 3

COURSE 2

ti

1-33

COURSE 1: The bleed air flows directly to the overhead
outlets without being cooled.

COURSE 2: rie bleed air is directed through the heat
exchanger, but not the turbine.

COURSE 3: The air is directed through the turbine of the
turbine and fan assembly.

The air flowing from all these courses is mixed, and the mixture
flows through the overhead outlets to the cargo compartment. The
temperature control valve is operated to distribute the bleed airflow
to these paths, thus it controls the temperature of the mixture
distributed through overhead outlets to the cargo compartment.

12
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Questions for Frame 11

Read each statement below, then mark each one either T (true) or F
(false) .

110 1. There are three paths for bleed air to flow through
in the air conditioning system.

2. The temperature control valve controls the mixture of

air distributed through the overhead ducts by controlling
the airflow through three (3) paths.

3. To get hot air, the bleed air must go through the turbine
of the turbine and fan assembly and then be distributed
through the overhead outlets to the cabin.

13
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Frame 12

REFRIGERATOR BYPASS PORT

7- /7 1 7---
,..-1, - '

) .'XAC'
20 9, -\,----,00

1:0
--='-44:;-:TURBINE BYPASS PORT 1-

COOL

HOT

BLEED

AIR

Yk1.1` 1 COOL
' i1 AIR

COLD

DUAL BUTTERFLY TEMP. CONTROL VALVE POSITIONS

REFRIGERATOR BYPASS PORT

WARM
TURBINE BYPASS PORT

HOT

R - 3 5

The temperature control valve, shown above, is a dual unit with one
butterfly in the refrigerator bypass aid another in the turbine bypass.

The two butterflies, actuated by an electric motor are positioned
as follows:

COLD COOL WARM HOT

Turbine
Bypass CLOSED OPEN OPEN CLOSED

Refrigerator
Bypass CLOSED CLOSED OPEN OPEN

This valve is controlled by the temperature control system.

Read each statement below, then mark each one either T (true) or F (false).

1. To get cold air, both the turbine bypass port and the
refrigerator bypass port are closed.

2. To get hot air, the refrigerator bypass port is open and
the turbine bypass port is closed.

3. To get warm air, the refrigerator bypass port is closed and
the turbine bypass port is open.

4. To get cool air, the refrigerator bypass port is open and
the turbine bypass port is open.

14
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FLOOR HEAT SHUTOFF VALVE

FLOOR HEAT DIVERTER VALVE

BLEED AIR

TO AIR COND SYS

R- 36

Frame 13

The floor heat diverter valve is part of the under-floor heat
system.

The diverter valve controls the diversion of bleed air flow from
the cargo compartment air conditioning system to the floor heating
system.

The diverter valve is used to maintain a comfortable temperature
during operation of the aircraft at low outside ambient temperature.

This valve is controlled by the under-floor heat temperature
control system.

Circle the number of the statement that best describes the purpose of
the floor heat diverter var.

1. The floor heat diverter valve, diverts the flow of bleed air
from the cargo compartment air conditioning system to the under-
floor heating system.

2. The floor heat diverter valve turns the cargo compartment air
conditioning system on and off.

3. The floor heat diverter valve stops the flow of air entering
the cargo compartment air conditioning system.

15
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Frame 14

FLOOR HEAT

SHUTOFF

VALVE

R 37

The floor heat shutoff valve is moved to the OPEN position when
the under-floor heating switch is placed in the ON position.

Opening the floor heat shutoff valve allows bleed air to flow to
an ejector (see the schematic below), installed under the cargo floor.

The bleed air is routed forward and aft through nozzles in the
ejector (see the schematic below), into mixing chambers where bleed
air is mixed with ambient temperature air from the floor cavity.

The air is then routed through distribution manifolds extending
the length of the cargo compartment floor.

IIMINMNSIMPAmal.simmormIrm,....rinAri.

R 3 8

EJECTOR NOZZLE

Read each statement below, then mark each one either T (true) or F
(false).

1. Opening the floor heat shutoff valve will allow bleed air
to flow to an ejector under the cargo compartment floor.

2. Bleed air is routed forward and aft through nozzles in the
ejector into mixing chambers where it is mixed with ambient
temperature air from the floor cavity.

3. Opening the floor heat shutoff valve will position the cargo
compartment temperature control valve.

4. Opening the floor heat shutef valve will remove moisture
from the refrigerated air.

16

323



Frame 15

The auxiliary vent valve is a 28 volt DC motor actuated valve
located at the ram air inlet.

This valve is controlled by the air conditioning system master
switch, a differential pressure switch, and a relay.

The master switch is pos_ oned in "AUX VENT" to close a circuit
that energizes the relay. The relay applies DC voltage to the valve
motor to open the valve.

Circle the number of the statement that best describes the method
of controlling the auxiliary vent valve.

1. The auxiliary vent v is controlled by the cargo compartment
shutoff switch, a re and an emergency depressurization switch.

2. The auxiliary vent valve is controlled by an air conditioning
master switch, a differential pressure switch, and a relay.

3. The auxiliary vent valve is controlled by the "Ram-Dump"
position of the cabin pressure switch.

17
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Frame 16

The auxiliary vent valve is used to ventilate the aircraft in

flight at low altitudes. It is also used to supply conditioned air

to the cabin from external air conditioners when the aircraft is on
the ground.

In flight, the ram air entering the heat exchanger ram air inlet
is used to ventilate the aircraft in case the cabin air conditioning
unit breaks down.

//.-
RAM, AIR

INLET

J

AUXILIARY VENT VALVE
R -40

TO Cargo Compartment'
OISTRISUTION
DUCTS

Circle the number of the statement that best describes the purpose
of the auxiliary vent valve.

1. The auxiliary vent valve is used to ventilate the fuselage.

2. '..he auxiliary vent valve is used to ventilate the aircraft in

flight at low altitudes and to supply conditioned air to the
cabin from external air conditioners when the aircraft is on
the ground.

3. The auxiliary vent valve is used to ventilate the electronic
compartment at low altitudes and to supply conditioned air to
the electronic compartment from external air conditioners.

18
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CASIN All

IM DO/ SWITCH

.AM AM

Frame 17

The pressure switch, shown above, is in the auxiliary vent valve
electrical circuit.

It opens its contacts when cargo compartment pressure exceeds ram
air pressure in the heat exchanger ram air inlet by more than 0.28 psi.

While the switch contacts are open, the auxiliary vent valve
relay cannot be energized, so the valve cannot be opened.

The purpose of the switch is to prevent collapse of the air
conditioning distribution ducts resulting from differential pressure
across the duct walls. This differential pressure would occur if the
auxiliary vent valve was opened while the aircraft was pressurized.

Read each statement below, then mark each one either T (true) or F (false).

1. The pressure switch opens its contacts when ram air pressure
exceeds cabin pressure.

2. While the pressure switch contacts are open, the auxiliary
vent valve relay cannot be energized and the valve cannot be
opened.

3. The pressure switch prevents a collapse of the air conditioning
distribution ducts resulting from differential pressure across
the duct walls.

4. The pressure switch operates on a differential pressure of
more than 0.28 psi.

19
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Correct Responses to all Frames.

Frame 2 Frame 11

1. T 1. T
2. F 2. T
3. T 3. F
4. F

Frame 4 Frame 12

1. T 1. T
2. T 2. T
3. T 3. F
4. T 4. F

Frame 5 Frame 13

1
1

Frame 6 Frame 14

1 1. T
2. T

Frame 8
3. F
4. F

1. T
2. T Frame 15
3. F

4. F 2
5. T
6. T Frame 16

Frame 9 2

1. T Frame 17
2. F

3. T 1. F
4. T 2. T

3. T
Frame 10 4. T

1. T
2. T
3. F

4. T
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imvtrohmental/Pneudraulics Branch 3ABR42331-WB-209
Chanute ArB, Illinois

CARGO AIR COI7iITIONING SYSTEM WIRING DIAGRAM

OBJECTIVE

Using a wiring diagram, specify eight causes for the ten given
air conditioning system electrical trouLles.

EQUIPMENT

Colored Pencil Set
3ABR42331-WB-Z09

PROCEDURE

Figure 1 iq located in the back of this booklet. The circuits
you will be tracing in this text are listed in the lower left corner
of figure 1. The color code you are to use for each circuit is shown
in the block before each circuit. Follow directions carefully and do
all the steps. Do not trace ahead of what you have read. The diagram
used in this project is the same diagram you will use on the cargo air
conditioning system trainer, when you troubleshoot that trainer. If
you do not understand the circuit after tracing, check with your
instructor.

Note: In this diagram we are tracing current from the circuit
breakers to the components ground. This is not the way current
flows, but it is the easiest because of so many ground points
in the diagram. Remember this note when using any wiring
diagram.

POWER CIRCUIT

1. Use your RED pencil to trace this circuit. ..urrent flows
from the 28V DC temperature control circuit breaker over wire 2H200A20
to pin N of bulkhead Connector #2. It continues on wire 2H200B20 to
the pole of the master air conditibing switch.

2. This is the systt.m power circuit. All power for automatic
and manual temperature control comes from this wire.

Note: You will trace circuits for the following functions of
the air conditioning system. Manual Warm with GTC, Manual
Cool in Air Conditioner and Pressure Position Automatic Warm,
and Automatic Cool. Even though current is distributed over
numerous other circuits, only those circu..cs .squired for a
particular function will be traced.

.41)ersedes 3ABR42331-WB-209, 10 Ma-ch 1981.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 1000; DAV - 1
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MANUAL WARM WITH GTC

1. Use your BLUE pencil to trace this circuit. First, draw the
master air conditioning switch contact lever to the air conditioning
GTC position.

2, Current flows over wire 2H201D20 to pin M on bulkhead connector#2. Current flows out pin M on wire 2H201E20 and over to terminal #1
on terminal strip #2.

3. It leaves terminal #1 on two wires. Current flows over wire
2h201G20 to pin A on the cabin thermostat blower. Then current flows
out pin B on wire 2H207A20N to ground. The blower now operates.

4. Go back to terminal #1. Current also flows over wire 2H201F20
to pin C on thi. -Jntrol box electrical connector #1.

5. It flows from pin C to point A inside the temperature control
box. Here current flows in two directions.

6. First, it flows to point B where it flows in many directions
again. Current continues to pole X1 on the more heat relay. The relay
is not energized yet, so current flow stops at this point.

7. Going back to point B, current flows through both R1 and R2
to energize both the more heat and less heat relays.

8. Because we are concerned with the more heat relay, draw the
contact levers on X1 and X2 to the energized position (contacts 1 and 3).
This is as far as we will go for now.

9. Going back to point A, current flows to point C and out to
pin F of the control box electrical connector #1.

10. It leaves pin F on wire 2H202A20 and flows to terminal #2 on
terminal strip #2. Fror here it flows over wire 2H202B20 to pin H on
bulkhead connector #2.

11. Current flows to the temperature control switch on wire
2H202C20. Draw the temperature control switch to the manual warm
position.

12. Now current flows over wire 2H203C20 to pin G on bulkhead
connector 1t2. It leaves pin G on wire 2H203B20 and flows to terminal
#5 on terminal strip #2. Current flows from terminal #5 on wire
2H203A20 to pin E on the control box electrical connector #1.

13. Current flows inside the control box to X2 of the more heat
relay. We are tracing only necessary circuits so we will not tap off
current from this wire. The more heat relay is energized so current
flows from X2, over contact 3, and out pin B on the control box
electrical connector #1.
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14. It leaves pin B on wire 2H212A20 and flows to pin B on the
temperature control valve. Current flows through the valve motor and
out pin C on wire 2H214A20N to ground. The temperature control valve now
runs to warm, which was your selection.

MANUAL COOL IN AIR CONDITIONER AND PRESSURE POSITION

1. Again we are going to trace only the necessary circuits. Use
your GREEN pencil to trace this circuit.

2. First, draw the master switch to the air conditioner and press
position. All the air condition positions of the master switch go to
the same wire so this is the last time you will change positions on the
master switch.

3. Current flows from the master switch on wire 2H201D20 to
pin M on bulkhead connector #2. From here it flows over wire 2H201E20
to terminal #1 on terminal strip #2.

4. Again current flows over wire 2H201G20 to run the cabin
thermostat blower. It also flows over wire 2H201F20 to pin C on the
4t1 electrical connector.

5. Current continues to point A inside the control box and then
to noint C. From point C it flows to pin F on the #1 electrical con-
nector and out on wire 2H202A20 to terminal #2 of terminal strip #2.

6. orrent leaves terminal #2 on wire 2H202820 and flows to
pin H on bulkhead connector #2.

7. It J ayes on wire 2H202C20 and flows to the temperature
control switch pole. You wal.t manual cool, so current flows to the
cool contacts and over wire 2H213C20 to pin C on bulkhead connector
#2.

8. Here, it leaves on wire 2H213P20 and flows to terminal #6
on terminal strip #2. Current leaves terminal #6 on two wires, but
the one we are conterneo with is wire 2H213D20.

9. Current flows over wire 2H213D20 to pin A on the temperature
control valve. It continues through the valve motor and out pin C on
wire 2H214A20N to ground. The temperat. v control valve now runs toward
cool which is what you selected.
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AUTOMATIC WARM

Note: The temperature selector does not directly control the
temperature control valve's operation. Instead, it controls
the amount of current going to the mercury thermostat heater.
This thermostat, in turn, controls the cabin relay which
controls the temperature control valve's operation. As you
go throlik. this circuit, you will see how this is done.

1. Use your BLACK pencil to trace this circuit. The master switch
is still in the air conditioner and pressure position, so current flows
over wire 2H201D20 to pin M on bulkhead connector #2.

2. Current leaves pin M on wire 2H201E20 and flows to terminal #1
on terminal strip #2. Again current flows to the blower which causes
it to operate.

3. Current also leaves terminal #1 on wire 2H201F20 and flows
to in C on the temperature control Box #1 electrical connector.

4. Fr',m here it flows to point A inside the control box where it
will flow in two directions.

5. First, trace the current up to point B. At this point you
want current to flow through R1 and R2 to energize the more heat and less
heat relays. Current also flows over both tapoff wires and out pins H
and G on the #1 electrical connector to the anticipator thermostat.
Here current flow stops.

6. Now, let's go back to point A. Current flows from here
through point C, down to point D. Here again current flows in two
directions.

7. For now current flows from point D to point E, through R3 to
point F. Remember, we are tracing only necessary circuits.

8. At point F, current flows in two directions. It flows up to
energize the cabin relay and down to point G. From point G current goes
in two directions.

9. First, it flows down and out pin D on #2 electrical connector
and over to pin C on the control thermostat. Current flow stops at
this point for now.

10. Going back to point G, current also flows out pin A on #2
electrical connector to pin B on the high limit thermostat. Here
current flow stops again for the time being. You now have all three
relays energized, so draw the contact levers to the energized position.

11. Going back to point C, current flows from point C to point F
on electrical connector #1. From here it flows over wire 2H202A20 to
terminal #2 on terminal strip #2.

5

332



12. From here it flows on wire 2H202B20 to pin H on the bulkhead
connector #2. Current leaves pin H on wire 2H202C20 and flows tc the
temperature control switch, which is in the automatic position.

13. Current now flows over wire 2H204C20 to pin F on bulkhead
connector #2. Fro- F it flaws over wire 2H2048k0 to terminal #7
on terminal strip -urrent leaves terminal #7 on wire 2H204A20 and
flows to pin D on electrical connector #1.

14. From here it flows inside the control box and comes to X2 on
the cabin relay. Since the relay is energized, current continues to
contact 10 and up to point J.

15. From point J, current flows to X2 on the more heat relay.
This relay is also energized, so current flows over contact 3 and out
to pin B on electrical connector #1.

16. It leaves pin B on wire 2H212A20 and flows to pin B on the
temperature control valve. Current continues through the valve motor
and out to ground. This causes the valve to run toward hot. To
determine how far the valve runs toward hot, go back to point D inside
the temperature control box.

17. Current continues down from point D and out to pin F on
electrical connector 412. It leaves pin F on wire 2H206A20 and flows
to tezminal #3 on terminal strip #2.

18. It leaves terminal 413 on wire 2H206B20 and flows to pin K on
bulkhead connector #2. From here current flows over wire 2H206C20 to
the temperature selector.

19. The temperature selector is toward the warm position so this
puts more resistance into the circuit. This resistance causes a voltage
drop as current flows through the selector. This current, at the
reduced voltage, comes out wire 2H205C20 to pin J on bulkhead
connector #2.

20. It leaves pin J on wire 2H205B20 and flows to terminal #4 on
terminal strip #2. Current leaves terminal #4 on wire 2H205A20 and
flows to pin G on the control box electrical connector #2.

21. From pin G current flows inside the control box, over R5,
and to point H. From point H, it flows out pin E on electrical con-
nector #2.

22. Current flows from pin E on wire 2H219A20 to pin B on the
control thermostat. This current flows through the thermostat heater
and out to ground. This heats the mercury inside the thermostat and
causes it to rise. As the mercury rises, it makes contact with the
110° wire from pin C on the thermostat.

23. The potential on this wire is then grounded to the thermostat
heater ground. The voltage that energized the cabin relay now has a
path of less resistance to follow so the cabin relay deenergizea.

6
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24. With this relay deenergized, you lose power at contact 10 and
also to the hot side of the temperature control valve. Now the valve
stops operating.

25. You have controlled the movement of the temperature control
valve by controlling the amount of voltage going to the thermostat
heater. If nore voltage had been applied to the heater, the running
time of the valve toward hot would have been much shorter.

In the next and last circuit, we will continue from where you
are now and see how this system will call for a cool temperature.

AUTOMATIC COOL

Note: Use your PUTLE pencil to trace this circuit. If the
temperature selector were set to cool, this wouid-increase
the amount of voltage going to the control thermostat
heater, and, in turn, would deenergize the cabin relay much
faster. With this in mind, we will continue with Auto-Cool

1. Start with ,..--nt flow at point B i_11 control box.
Current flows from point B tc Li -n the more heat relay. This relay
is still energized, so curse- 7 fl.,ws from X1 to contact #1 and over
to the less heat relay.

2. It then flows f- Xi on the less heat relay and since the
relay is still energized, over to contact #5.

3. From here current flows to pin I on electrical connector #1.
It then continues from pin I on wire 2H208A20 to pin B on the antici-
oator thermostat. Current continues through the thermostat heater and
out to ground making a complete circuit.

4. This heater, along with duct temperature, starts, the mercury
rising inside the thermostat. While the mercury is rising, current is
flowing from point E, inside the control box, to X1 of the cabin relay.
This relay is deenergized, so current flows from X1 to contact #11 and
over to X2 on the less heat relay. At this time the current cannot
continue because the less heat relay is energized.

5. By now the mercury in the anticipator thermostat has risen
enough to make contact with the potential at the 380° wire. This now
completes a circuit through the mercury and heater ground wire. This
deenergizes the more heat relay. Now power is removed from the hot
side of the temperature control valve.

6. The heater on the anticipator thermostat is still in operation,
so the mercury rises until it comes in contact with the 400° wire. Now
the less heat relay will deenergize. The current at X2 on the less heat
relay will flow over contact #8 and out to pin A of electrical connector
#1. From here it flows over wire 28213A:0 to terminal #6 on terminal
strip #2, and then over wire 2H213D20 to pin A of the temperature con-
trol valve. Current continues through the valve motor and out to ground.
The circuit is now completed and the valve will run toward the cool
position.

STOP AND SEE INSTRUCTOR. Instructor's Initials
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PRACTICF. EXEkCISE:

In the following practice exercise., you will be given a cause. You
are to find the proper discrepancy. Problem #1 explains the proper
procedure for finding the discrepancy. If you have any questions during

practice exercises, you may ask your instructor for assistance.

#1. The cause reads: An open in wire number 2H206C20. This wire is
in the circuit of the temperature selector. You can see that in
AUTOMATIC if you increase the resistance in the temperature selector,
you will receive warm air from the temperature control valve. If you
lower the resistance, you will receive cool air. Therefore, an open in
wire 2H206C20 would raise the resistance and vou will receive warm air.
The proper discrepancy would read: Full warm air in AUTOMATIC.

#2. CAUSE: An open in wire number 211204C20. DISCREPANCY:

#3. CAUSE: Ar open in wire number 2E200E20. DISCREPANCY:

This concludes the practice exercises. If you have no questions,
inform your instructor that you are ready for the performance test.

ANSWERS TO PRACTICE EXERCISE PROBLEMS:

#1. Full hot air in AUTOMATIC.

#2. AUTOMATIC is inoperative.

#3. Temperature control valve is inoperative in
AUTOMATIC and MANUAL.
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OBJECTIVES

Relate eight out of ten mercury thermostat temperature control
system components to their operation.

INSTRUCTIONS

This text presents materlal in small steps called "frames". Read the
material presented in each frame and answer the questions at the end of the
frame. Also answer the questions in the review exercises throughout the text
and then check your responses with the correct answers found at the top of
the next frame or as specified. If you are wrong or in doubt, restudy the
material and correct your answers before continuing.

Frames 9 thru 15 require that you use an overlay transparency. You can
get this transparency tram your instructor when you reach frame 9.

Supersedes 3ABR42331-PT-209A, 9 November 1983.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 300; DAV - 1
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Frame 1

In this lesson you will learn how me_LJry thermostats can be used to
control the temperature of conditioned air in the aircraft.

A mercury thermostat can be compared with an ordinary thermometer which
you would use at home to take your temperature or to find the temperature on
any day. It works on the principle that mercury expands (rises) when heated

and contracts (falls) when cooled.

1

No Response Required

Frame 2

Now we will take r thermostat, add some wire and show you a simple

thermostat control circuit.

REMEMBER: Merc.ay inside a thermostat rises when heated.

Mercury is a good electrical conductor.

Current will follow the path of least resistance.

3
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Fr,,,me 2 Con't
WA.,a 110711114. -Ile AI. F. .1111.4

4(1)10' -4/
RELAY ENERGIZED

M. it 411, 1.16.1111.2.11/110. s,r

10,

If the mercury is below the contact wire (Point A) the relay will be
energized. This is because the circuit between Point A and the thermostats
ground is open.

R

RELAY DE-ENERGIZED

If !,:,,r0,4ry riqs to the contrt wire (Point A) then the relay will be
c:1,ork;i7,id. This is 1-,1(;:il3e the thermostat has provided an easier path

r3-1stance) to co-Jnd t%;ln

ftwe.01,-MMOWL.11/M1M4ONIMIEMMINRIO. ..sel

The temperature of the air in the aircraft causes the mercury to rise
or fall within the thermostat. Hot air causes mercury to rise and cold air
causes mercury to fall.

4
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Frame 2 r:on't

Merk the following statements either T (true) or F (false).

Mercury is a good electrical conductor.

Current takes the prth of least resistance

If the mercury re-aches the contact wire then the relay will
deenergize bec.use the relay has less resistance.



Answers to Frame 2: 1. T 2. T 3. F

Frame 3

Now let's say that we wadi aircomplete a'circuit throfigh a thermostat 410
bdi the air le not varm enough td'raile the'Mercury te'the contact wire:
TOCrai.se'tlemercury wadea/sheater's telherthermostat.

RHEOST AI

Yr-ri\"1-
C001

.1INNOINII..

WARM

HEAIER (Oil
RELAY
ENERGIZED

The-heater IS made of wire wrapped around di' bade ottht
thermostat. The hest that 14 generated bf allowing current t$ flow thrdiigh

the'heater coiTwill/causeihemercury teirise! Kvariable resistor Or
rheostat itKuse6 to'control the'amount or-current being applied td'thheater.

If the rheostat ieinovet-toward codl, the- resistance id-thd7heater
circuit decreases and the current applied tcrthe heater increases. Thus,

more heat wilt be given off-by the and the mercury rises faster.

If-th(rheostat i1movdt7toward warm the resistance i(th(heater
circuit increases and-thecurrent arptt.ed to tile/heater decrea:es. Thus,

less heat will be given off by the heater and the mercury will rise slower.

By using the rheostat and heater we can control the movement of mercury
inside the thermostat and in turn control the temperature of the air.

Fill in the blanks to complete the following statements.

1. A can be used to control the mercury

in the thermostat.

By using the and

temperature of ate air in the aircraft.

6
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Answers to Frame 3: 1. thermostat heater 2. rheostat and heater

REVIEW EXERCISE #1

Mark the following statements either T (true) or F (false).

1. A mercury thermostat can control such devices as relays.

2. A mercury thermostat can be used to control a complete temperature

control system.

3. The mercury will rise when heat is applied to the thermostat.

4. A mercury thermostat can le compared to an ordinary thermometer.

5. The more resistance in the rheostat the faster the heater will warm

up the thermostat.

Fill in the blanks to complete the following statements.

6. If two (2) wires are connectel by the , current will

flow through the thermostat.

7. A heater is used to heat he thermostat so the mercury will

f..ster than normal.

8. A controls the amount of current going to the heater.

9. The rheostat and heater the movement of mercury

inside the thermos cat.

10. A rheostat is a resistor.

11. to the thermostat heater coil can be changed by

using the

12. Mercury is a electrical conductor.

13. eqrrent takes the path of

Check your responses at the top of frame 4.

7
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Answers to Review Exercise 1: 1. T 2. T 3. T 4. T 5. F 6. Mercury
7. Rise 8. Rheostat 9. Control 16. Variable

11. Current Flow, Rheostat 12. Good
13. Least resistance.

Frame 4

The temperature control box for this system contains three (3) relays
(shown below) and six resistors.

The relays are energized and deenergized by the mercury thermosfets.
These thermostats will control the relays and the relays will determihe if
the temperature control system calls for hot or cold air.

LESS HEAT
RELAY

MORE HEAT
RELAY

CABIN RELAY

Mark the following statements either T (true) or F (false).

1. The thermostats are controlled by the relays.

2. The thermostats will determine if the temperature control dystem
calls for hot or cold air.

8
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Answers to Frame 4: 1. F 2. F

Frame 5

Shown below are the High Limit thermostat, Cabin Compartment thermostat,
and Duct Anticipator thermostat.

Each thermostat has a different operating temperature and a different
purpose to help maintain the desired cabin temperature.

1.101-1.01P.961.1CA., AL. ...Jr.........10.. 1, . .- - ,. -

HIGH LIMIT
THERMOSTAT

400°

-

400^

3800

CABIN .=
COMPARTMENT

THERMOSTAT

CAPIN
::- RELAY

LESS

HEAT

RELAY

DUCT

ANTICIPATOR
THERMOSTAT

MORE

HEAT

RELAY

5 7 9

..1. C 410 NM.' 0 0001
Note: Relays are shown energized.

No Response Require-

9
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Frame 6

The Cabin thermostat, shown below, controls the operation of the CALI
relay. When mercury comes in contact with the 110° contact wire the Cabin
relay will deenergize. Remember, current follows the path of least resistance.

".441.....1011111...1M11~1111~.WEllo

CABIN TEMPERATURE
RHEOST T

CABIN COMPARTMENT
THERMOSTAT

The heater of the Cabin thermostat has two (2) current supplies:

(1) From the bottom contact of the cabin relay.

(2) From the cabin temperature rheostat.

By positioning the rheostat, the amount of current being applied to the
heater can be increased or decreased. This in turn controls how fast the
mercury in the thermostat rises or falls.

By controlling the movement of the mercury you can control the operation
of the cabin relay. In turn, by controlling the cabin relay you can control
the temperature of the air entering the cabin.

Fill in the blanks to complete the following statements.

1. The Cabin thermostat heater has current supplies.

2. The Cabin relay will at

10



Answers to Frame 6: 1. 2 (two) 2. deenergize, 110°

Frame 7

The High Limit thermostat also controls the cabin relay and in turn,
controls the maximum temperature that can be received from the system. This
thermostat acts as a safety factor in case the other thermostats fail.

V..., MINII .1.41.-.0

HIGH
LIMIT
THERMOSTAT

400"

-v

ae VDC

geret",-.... a
Note: Relay is shown energized.

There is no heater for this thermostat. It is located in the air con-
ditioning duct and works from the duct temperature only. If the mercury
reaches the 400° contact wire the relay deenergizes.

Fill in the blanks to complete the following statements.

1. The temperature that can be received from the system is
controlled by the high limit thermostat.

2. The cabin relay will be when the mercury in the high
limit thermostat is below 400°.

11
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Answers to Frame 7: 1. Maximum 2. Energized

Frame 8

The Duct Anticipator thermostat controls both the More Heat and
the Less Heat relays. This thermostat is in the air conditioning duet
next to'the High Limit thermostat and works off the air temperature id
the duct and a heater. The heater receives power from the bottom contact
of the' Less Heat relay.

400°

LESS

RELAYHEAT

afiN

380°

DUCT
ANTICIPATOR
iHERmOSTAT

e-,..4.Ao 4.mM

MORE
3 HEAT

E- RELAY

When the mercury is below the 380° contact wire, the/lore He and Lets
Heat relays will be energized.

If the mercury reaches the/ 380° contact wire, the More Heat relay will
deenergize. Remember, current wily follow the path of least resistance.
With -the More"Hearrelay deenergized, the circuit going to the'Hot-side of
theibmperature control valve is opened. The valve will not-be-able ter ruff

any further towards Hot. (This will be shown completely in-a-later framC)

If the temperature in the duct- continues to'rise, theMercury will rite
with ir:d> When the mercury reaches the 400° contact wire the Less Heat relay

')" will deenergize. When the Less Heat relay dee;,ergizes it removes current
from the thermostat heater and sends current to the Cool side of the tem-
perature control valve. (This will be shown completely in a later frame.)

349
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Frame 8 Con't

Mark the following statements either T (true) or F (false).

The more and less heat relays control the Duct Anticipator
thermostat.

2. When the less heat relay is deenergized, current will be removed
from the cool side of the temperature control valve and sent to

the heater coil on the Duct Anticipator thermostat.

35013 '



Answers to Frame 8: 1. F 2. F

REVIEW EXERCISE #2

Mark each of the following statements either T (true) or F (false).

1.

2.

3.

4.

5.

The relays control mercury thermostat operation.

All of the thermostats have the same operating temperatures

The thermostats help maintain a desired cabin temperature.

The heater on the thermostat causes the mercury to fall.

The Duct Anticipator thermostat controls the cabin relay.

6. When energized, the more heat relay will allow current to flow
to the hot side of the temperature control valve.

7. The cabin thermostat controls the cabin relay.

8. Current for the Cabin thermostat heater is supplied by the cabin
relay and the rheostat.

9. The less heat relay will deenergize when the High Limit thermostat
reaches 400°.

10. The rheostat varies the current flow to the Duct Anticipator
thermostat heater.

11. By controlling the cabin relay you can control the cabin
temperature.

12. The air in the ducting causes the mercury in the High Limit
thermostat to rise or fall.

13. The High Limit thermostat acts as a safety factor.

14. The High Limit thermostat is located in the cabin.

Fill in the blanks to complete the following statements.

15. The relays that make up the control box are the
and relays.

16. The thermostats that are used to control the temperature control system
are the and
thermostats.

17. When the relay deenergizes current goes to the Cool
side of the temperature control valve.

18. When the mercury in the Duct Anticipator thermostat reaches the 400°
contact wire the more and less heat relays will be

14
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Answers to Review Exercise 2:

1. F

2. F
3. T
4. F
5. F

6. T
7. T
8. T
9. F

10. F
T

12. T

13. T

14. F

15. Cabin, more heat, less heat
16. Cabin, high limit, duct anticipator
17. Less heat
18. Deenergized
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Now we are going to put all of these individual components together
and operate a mercury thermostat automatic temperature control system. Ask
the instructor for an overlay transparency. Fold all of the sheets back
until only Sheet 1 is showing.

Frame 9

As you can see, Sheet 1 shows the components of the system with a
voltage potential at the circuit breaker and at Pin "D" of the upper
connector on the control box.

FOLD OVER SHEET 2

Current flows from the circuit breaker through Pin "C" on the uppet
connector and down to a contact point on the cabin relay.

Current also flows through R-3 and then can go in 1 of 2 di-ectiorig:

(1) Up to energize the cabin relay

or

(2) Down through Pin "A" to the High Limit thermostat or thrOngh
Pin "D" to the Cabin thermostat.

Since the mercury in these thermostats have not yet reached the contact
wires these circuits are incomplete and the cabin relay is energized as
shown.

No Response Required
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Frame 10

FOLD OVER SHEET 3

c_JGurrent from the rheostat flows through Pin "G" and resistor R-5 to
point A in the control box. From here it flows down and out Pin "E" to the
cabin thermostat heater.

Since the cabin relay is energized, current from its left contact
lever flows through R-4 and dawn to combine with the current from the
rheostat and flows to the cabin thermostat heater.

The voltage potential at Pin "D" flows across the right contact lever
of the cabin relay and up to another contact point which will be shown in the
next frame.

No Response Required

15 el



Frame 11

FOLD OVER SHEET 4

This sheet shows the More Beat relay circuit.

Current from the circuit breaker goes from paint B in the control box
through R-2 and then can go in 1 of 2 directions:

(1) Down to energize the More Heat relay.

Or

(2) Up through Pin "H" to the 380° contact point on the Duct Miticipater
thermostat.

Since the mercury is below 380° the circuit to the thermostat id Open and
the More Heat relay is energized as shown.

Current can also flow from point B to the More Heat relay left antact
lever. Since this relay is energized current flows across t, coataet lever
and up to another contact point which will be shown in the next framb.

Since the Cabin relay was energized back in Frame 9, we also haVii
current flowing across the right contact lever to the More Heat relaY: This
current flows out Pin "B" on the upper connector and out to Pin B on the
temperature control valve. As you can see, with both the Cabin and More
Heat relays energized this valve will !In toward HOT.

No Response Required

355

18



Frame 12

FOLD OVEr. SHEET 5.

This sheet shows the Less Heat relay circuit.

As you can see, the L-ss Heat relay receives power from the same souv..e
that is used for the More K relay. Current flows up through and can
then go i 1 of 2 direction,

(1) Up to energize the Less Heat relay.

or

(2) Down through Pim "G" to the 400° contact wire on the Duct
Anticipato ...,ermostat.

Since the mercury is still below 380° this circuit is incomplete and the
Less Heat relay is energized as shown.

Current has beet: supplied from the More Heat relay to the left contact
lever of the Less Heat relay. This current flows across the contact and out
Pin "I" Lo the duct anticipator heater. The heater, and the air temperature
in the ducting, begins to raise the mercury inside the thermostat.

At this eoint there is no current to the Less Heat relay r .ght contact
lever. As the circuit is set up so far, we are now calling for and receiving
a warmer air temperature.

No Response Required
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Frame 13

FOLD OVER SHEE1 6

,.At this point we are receiving warm air in the cabin. To make sure
that the cabin does not get too hot the pilot of flight engineer has moved
the temperture control rheostat toward co61. By doing this th resistance

circtUt hal-decreased. Therefore more" current flaws throt.gh the
rheostat and Pin "Grto point Kona down nd out Pin 'It" to the cabin
thermostat heater.

Thie/increared current to theheater will generate more heat
around the'thermostat. When ate mercury readied the 110° wire, all of the
current aepotnt t in the control boi will follow the-path of lea resistance
and'floW-down and/OuePin "D" througg-thecabin thermostat t6 ground. The
cabin relay noe'deenergizes.

With the cabin relay deenergized current going to moshenfrelay..,..7
contact hag stopped. In turn, you have stopped cur-ant from going to inir

side of the temperature control valve. Therefore the valve will stop and the
temperature will not increase.

Current from the cabin relay will now flow across both contact levers
up to the contact levers on the less heat relay.

Na Response Required
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Frame 14

FOLD OVER SHEET 7

As the mercury in the duct anticipator thermostat rises it will make
contact with the 380° wire. At this time the more heat relay deenergizes
because current to the relay follows the path of least resistance through
the thermostat to ground.

With the more heat relay deenergized current will be taken away from
the less heat relay contact which was used for the duct anticipator heater.

FOLD OVER SHEET 8

Current is still being applied to the duct anticipator heater. It is
supplied through the less heat relay contact from the deenergized cabin relay.

The mercury in the thermostat continues to rise until it reaches the
400° wire. Now the less heat relay deenergizes because current to the relay
follows the path of least resistance through the thermostat to ground.

With this relay deenergized current will be taken away from the
t'oxmostat heater. From the right contact lever it will flow out Pin "A "/
to ?in A on the temperature control valve. The valve now runs COLD
delivering cooler air to the cabin.

No Response Required

21

358



Fradie 15

Notice that the mercury in the high limit thermostat has also made
contact with its 400° wire. This is the safety factor that was mentioned
earlier in the text.

A circuit has been comp]ated through the mercury to ground. This is
a positive way to restrict the maximum temperature from the system. By
deenergizing the cabin relay if the cabin thermostat should fail, taking
power away from the HOT side of the temperature control valve.

No Response Required
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REVIEW EXERCISE #3

Nark the following either T (true) or F (false).

1. The same current that energizes the cabin relay can also flow to
the cabin thermostat.

2. The current for the control box comes from 2 different sources.

3. If the mercury in the high limit thermostat reaches 400° the cabin
relay will deenergize.

4. The cabin thermostat heater receives current from the temperature
control rheostat only.

5. The more heat relay must be deenergized before the less heat relay
will aeenergize.

6. The temperature control valve will not run towards hot if either
the cabin relay or the more heat relay were deenergized.

7. The current that energized the cabin relay will not energize
the more heat relay.

8. Current that flaws across the cabin relay and R-4 combines with
the current that flows from the rheostat and goes to the cabin
thermostat heater.

9. The cabin relay will not energize unless it receives a full
28V DC.

10. if the mercury in the duct anticipator thermostat reaches 380°
the temperature control valve will run toward hot.

11. The more heat and less heat relays receive current from the same
power source.

12. The more heat relay will deenergize when the duct anticipator
thermostat reaches 380°.

13. The cabin relay must be deenergized before the control valve will
run toward hot.

14. The high limit thermostat will deenergize the cabin relay when the
mercury reaches 110°.

Check yc _espcnses on the answer sheet at the back of the text.

23
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MERCURY THERMOSTAT TEMPERATURE CONTROL SYSTEM REVIEW

Match the description in lumn B wit% the it.m it describes in Column A.

Column A

1. More Heat relay A.

2. Cabin thermostat

B.
3. Rheostat

4. Cabin relay C.

5. Thermostat heater

D.
6. High Limit thermostat

7. Duct Anticipator thermostat

8. Less Heat relay E.

F.

G.

H.

I.

Column B

Controls both the more heat and
less heat relays.

Controls amount of power going to
the cabin thermostat heater.

Raises and lowers the mercury in
the high thermostat.

When energized, this relay
directly supplies current to the
hot side of the temperature
control valve.

Helps to raise the mercury inside
the . hermostat faster than normal.

A safety factor that will de-
energize the cabin relay at 400°.

Controls operation of the Cabin
relay.

When energized, this relay
supplies current to a contact
lever on the more heat relay.

When deenergized, this relay
supplies current to the cold side
of the temperature control valva.

Refer to the overlay transparency to answer the following statements as either
true or false.

9. If the temperature in the cabin reaches 110°, the cabin relay will
deenergize.

10. As temperature around the duct anticipator thermostat rises, the less
heat relay will deenergize before the more heat relay.

11, The less heat relay controls current to the cool side of the temperature
- ontrol valve.

24
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4000

380'

I_ J.`se-111.1

WARM

7B 'DC
COOL%

SI

111

Match the circled number in the above schematic with the item listed below.

Rheostat

Cabin relay

Duct Anticipator thermostat

More Heat relay

Cabin the' -stat

Heater co....

Less Heat relay

High Limit thermostat

Check your responses on the answer sheet at the back of the text.



CORRECT RESPONSES

Review Exercise #3

1. T 8. T
2. T 9. F
3. T 10. F
4. F 11. T
5. T 12. T
6. T 13. F
7. F 14. F

Mercur Thermostat Tem erature Control S stem Review

1 D 7. A
2. G 8. I

3. B 9. T
4. H 10. F
5. E 11. T
6. F

1 Rheostat 8 Cabin thermostat

2 Cabin relay 3 Heater coil

5 Duct Anticipator Thermostat 7 Less heat relay

4 More heat relay 6 High limit thermostat
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Environmental/Pneudraulics Branch 3ABR42331-WB -209A
Chanute AFB, Illinois

CARGO AIR CONDITIONING SYSTEM TROUBLESHOOTING

OBJECTIVE

Using a wiring diagram and multimeter, and working in a group of not
more than two students, perform an operational check and troubleshoot the
cargo air conditioning system trainer, locating a minimum of five out of
seven troubles correctly.

EQUIPMENT

Trainer 3021 Cargo Air Conditioning System
Multimeter AN /PSM -37

PROCEDURE

Remove all of your jewelry. Repert tc the lab instructor and inform
him of the lesson on which you are working. The lab instructor will assign
you a trainer and provide the necessary materials.

This workbook is presented in two sections. Section IA and 1B are to
familiarize you with the components of the flight deck or carao compartment
air conditioning systems and to prepare you for performing th.! Jperational
check and troubleshooting. Section 2 contains the steps for operational
checking these systems and the malfunctions that you are to troubleshoot.
Perform each step as directed on the following pages.

NOTE: You will be assigned to perform this lesson either on the flight
deck system or on the cargo compartment system. Check the name of
the trainer you are assigned to. If you are assigned to a flight
deck system, start with Section 1A. If you are assigned to a cargo
compartment system, start with Section 1B.

Supersedes 3ABR42331-WB-209A, 15 September 1977.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 1000; TTVSA - 1
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SECTION 1A. FLIGHT DECK AIR CONDITIONING SYSTEM COMPONENTS

Figure 1.

1. Location and identification of system components.

a. Using the trainer and the illustrations in figure 1, locate each of
the numbered items. Write the name of each of these numbered items in the
blank spaces below.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

COMPARE YOUR ANSWERS TO THOSE ON PAGE 5.

3 366



Figure 2.

b. Using the trainer aad the illustration in figure 2, locate

each of the numbered items. Write the name of each of these nunbereJ

items in the blank spaces below.

COMPARE YOUR ANSWERS TO THOSE ON PAGE 5.

3 137



Answers to location and identification Section 1A, para la.

(1) Temperature Control Valve.

(2) Temperature Control Box.

(3) Duct Anticipator Thermostat.

(4) Hi-Limit Thermostat.

(5) Cabin Thermostat.

(6) Cabin Thermostat Blower.

(7) Aux Vent Valve.

Answers to locations and identification Section 1A, para lb.

(1) Air Conditioning Master Switch.

(2) Temperature Control Switch.

(3) Temperature Selector.

After comparing your answers, turn to page 8, para 2.

5
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Figure 3.

SECTION 1B. CARGO COMPARTMENT AIR CONDITIONING SYSTEM COMPONENTS

1. Location and identification of system components.

a. Using the trainer and the illustrations in figure 3, locate
each of the numbered items. Write the name of each of these numbered items
in the blank spaces below.

(1) (5)

(2) (6)

(3) (7)

(4) (C)

COMPARE YOUR ANSWERS TO THOSE ON PAGE 10.

6



A

Figur-- ;.

b. Using the trainer and tu. illustration in figure 4, locate
each of the n =bared Items. Write the name of each of these numbered
items in the blank spaces below.

(1)

(2) 1
(3) =0,

COMPARE YOUR ANSWERS TC THOSE ON PAGE 10.

7
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2. Trainer .reparation for the operational check and troubleshooting
of the flight deck and cargo compartment air conditioning system.

a. Place all trouble switches to the OUT position. These-

switches are located at the lent side of the trainer.

b. e,ake sure all circuit breakers are pushed in.

c. Place the following switches to the NORMAL positions as
listed beloa.

(1) Air Conditioning Master Switch ...... . OFF

(2) Temperature Selector COOL

(3) Temperature Control Switch OFF

d Place the trainer power switch to the ON position. This

switch is located on the upper left side of the trainer.

3. Trainer operation for the flight deck and cargo compartment air
conditioning system.

a. During the following steps you will operate each component
on either the flight deck or cargo compartment air conditioning trainer.
When a switch is actuated be sure to notice which valves operate and
the valve position. Actuate each switch at directed. From your observation
c' th- trainer operation complete each statement by circling the correct

Step 1. Air Conditioning System Operatio...

(1) Place the air conditioning master switch in the
air cond - GTC position.

(a) Cabin thermostat blowe-. runs (yes / no).

(b) Aux vent valve (open / clot ).

(2) If the components failed to operate, it indicates a
defective component or an open electrical circuit.

Step 2. Temperature control system: Manual Operation

(1) Place the temperature control switch to .xlual Cool.
The temperature control valve moves toward (hot / cold).

(2) Place the temperature control switch to Manual Warm.
The temperature control valve pulses toward (hot / cold).

Step 3 !emperature control system: ;mtomatic Operation.

8
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(1) Place the temperature control switch to the AUTOMATIC
position, then rotate the temperature selector toward WARM. The temperature
control valve pulses toward (hot / cold).

(2) Rotate the temperature selector toward COOL. The
tempe.ature control valve pulses toward (hot / cold).

Step 4. Aux Vent System Operation:

(1) Place the waster air cond switch to aux vent position.

(a) Aux vent valve (opens / closes).

(b) Cabin thermostat blower runs (yes / no).

(c) Will the Auto and Manual temperature control
operate (yes / -o).

Step 5. Return all ,..witches to the NORMAL position as I,dicated
In naragraph 2c page 7 and place trainer per to OFF.

COMPARE YOUR ANSWERS TO THOSE 6N PAGE 10.
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Answers to location and identification Section 1B, pare la.

(1) Temperature Control valve.

(2) Temperature Control Boy.

(3) Duct Anticipator Thermostat.

(4) Hi-Limit Thermostat.

(5) Jabin Thermostat.

(6) Cabin Thermostat Blower.

(7) Aux Vent Valve.

(8) Flocr Heat Diverter Valve.

Answers to locations and identification Sect 1B, para lb.

(1) Air Conditioning Master Switch.

(2) Temperature Control Switch.

(3) Temperature Selector.

Answers to the trainer operation statements in Sect IB, pare 3a.

Step 1. (1) (a) YES Step 3. (1) HOT
(b) CLOSED (2) COLD

Step 2. (1) COLD
(2) HOT

Step 4. (1) (a) OPENS
(b) NO
(c) NO

If all of yuur answers agree with the answers above, you are ready
to begin troubleshooting. If they do not agree, tell the lab instructor
you need assistance.

y
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SECTION 2. FLIGHT DECK AND CARGO COMPARTMENT AIR CONDITIONING SYSTEM
OPERATIONAL CHECK AND TROUBLESHOOTING

OPERATIONAL CHECK:

1. The steps that you performed in paragraph 3a, of section lB
involved operating each component in the flight deck or cargo compartment
air conditioning system. These steps are used to determine if each component
is operating properly and they are called operational checks.

2. The chart below lists step by step procedures for performing
operational checks of the system. To insire that you are familiar with
this procedure, turn the trainer power ON and perform each of the steps.
After you are sure you understand the operational check procedure, then
continue to the troubleshooting part of this lesson. You will be required
to perform a complete operational check for each trouble.

Note: £his chart is provided only as a guide for learning the
operational check procedure.

POSITIONING THE CONTROL DEVICES OPERATING COMPONENT COMPONENT OPERATION

Place the air cond master switch
to the air cond-GTC position

Cabin thermostat
Blower Operates

Place the Temp Control switch
to MANUAL COOL. Temp Control Valve

.--

Runs Toward Cool

Place the Temp Control switch
to MANUAL WARM. Temp Control Valve Pulses toward HOT

Place the Temp Control switch
to AUTO

Rotate the Temp Selector to
COOL.

Temp Control Valve Pulses toward COOL

Rotate the Temp Selector to HOT. Temp Control Valve Pulses toward HOT

Place the Air Cond Master switch
to AUi( Vent.

Cabin Thermostat
Blower
Aux Vent Valve

No Operation

Opens

Place the Temp Control switch to
any position. Temp Control Valve No Operation

Place the Air Cond Master
'Switch to Air Cond - GTC
.osition.

Cabin Thermostat Blower
Aux Vent Valve

Operates
Closes

r.Lace the Temp Coatrol Switch
to an position. Temp Control Valve Will Operate

Ope-ational Check Procedure Chart

11
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TROUBLESHOOTING

1. For each trouble, perform an operational check to determine the

malfunctioning component. After you determine the malfunction, then place
a statement in the "discrepancy" block of the attached troubleshooting
answer sheet that describes she malfunction.

2. Using a waxed pencil, traue the electrical circuits that operate

or controls the malfunctioning component.

3. Use the multimeter to locate the cause of the trouble.

Note: When measuring voltage, be sure the meter is set to the correct

voltage range. Make sure that you have the negative (Blink) lead to

ground. Ground on the trainer is located on the center left of the

trainer. When checking the manual temperature control sTltem, be sure
to hold the temperature control switch to either HOT or COLD. When

measuring resistance, be sure the trainer power is OFF and the meter is

set in OHMS. Use the OHM portion of the multimeter cnly to check the
system when it is isolated from the rest of the circuit.

4. Record the cause of the trouble is the cause block on the

troubleshooting answer sheet.

5. The trouble switch that you are to use for each problem is listed

on the top line of the discrepancy block. There are 10 problems for you to

troubleshoot. We will go through the first one with you to show you how to

arrive at the correct answer.

a. If you are assigned to the Flight Deck Air Conditioning System,
place trouble switch number 1C to the IN position.

b. If you are assigned to the Cargo Compartment Air Conditioning
System, place trouble switch number 1 to the IN positioa.

c. Perform an operational check (use the operational check

procedures chart.)

d. AB you went through the operational check you found that the

Temperc.ure Connrol valve will not move to the HOT position in Auto and

Manual position. Make the Following statement in the discrepancy block of

the zzudbleshooting answer sheet.

"No control of the Tlmp Control Valve in Auto and Manual Hot."

AUUMAT1C HOT

1. Since the temperature control valve will not operate in Auto and

Manual Hot, tne trouble must be in a wire or component that is common to
botr. the automatic and manual operation. What part of the circvit would

aftecc the Auto and Mannar operation? GOO .To determine this let's trace

the circuits.

2. Trace the automatic hct operation; using a grease pencil,
start tracing the electrical circuit at the 28V DC circuit breaker. Follow

12

375



the circuit to the bulkhead connector number 2 at point "N" to the Master
Air Conditioning Switch.

3. Now draw the master switch in "6:ound Air Cond GTC" position.
Trace through the switch to bulkhead connector #2 at point "M." Now
proceed to terminal strip #2 at pin #"1." You will notice that there
are two electrical wires at this point; trace the one going to the
control box electrical connecfor #1 at pin "C". Then trace to point
"B" inside the temp control box and through resistor R-2 to the more heat
relay coil. Energizing the more heat relay moving the contacts X-1 and
X-2 to the left.

4. Return to point "A" inside the temp control box. Now trace from
point "A" through point "C" to point "D". From point "D" trace to point
"E" through resistor R-3 and up to the cabin relay coil. Energizing it
will move the contacts X-1 and X-2 to the left.

5. Return to point "C" inside the temp control box. Trace this
wire to pin "F" of conrector #1 and follow it to terminal strip #2 pin
#2. Then trace to pin "H" on tie bulkhead connector #2 and to the
temperature control switch.

6. Draw the temperature control switch in the Auto position. From
the Hato position to bulkhead connector #2, point "F", then to terminal
strip #2, point "7", and to pin "D" on the temp control box electrical
connector #1. Trace this wire to X of the cabin relay and to X-2 of
the more heat relay, ac'oss the contacts and Olen to pin "B" of connector
#1 and to pin "B" of tL.. temperature control valve.

7. You have now traced the automatic hot temperature control circuit.
Now you will trace the manual hot circuit. Notice that this circuit will
bypass the cabin relay.

MANUAL HOT

1. Start ac the 28 V DC circuit breaker. Follow the circuit to
the bulkhead connector #2 at pin "N". With the master svi in "Ground
Air Cond G.T.C." trace through the switch to bulkhead conn..:or #2 to
pin "M". Now move to terminal strip #2 to rin "1". Notice that there
are two electrical wires at this point.

2. Trace the one that goes to the control box electrical connector
#1 at pin "C" and to the more heat relay coil. Energizing the more heat
relay moves the contacts X-1 and X-2 to the left.

3. Return to point "A" inside the temp control box. Trace to point
"C" inside the control box and then pin "F" of electrical connector
From pin "F" you trace to terminal strip #2, pin #2 4n1 then pin "H" of
the bulkhead connector; from pin "H" to the temperature control switch.

4. Now draw the temperature control switch to the manual warm
position. Trace the wire to pin "C" of the bulkhead connector and then
pin "5" of terminal strip #2. ilow trace from pin #5 on the terminal strip
to pin "E" of electrical connector #1. Follov this wire from pi) '*" to

X-2 cf the more heat relay, through the contact to pin "B" of electrical
connector #1 and to pin "B" on the temperature control valve.

13
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a. From the circuit that you have traced, what part of the
circuit is conmon to both automatic and manual hot?

b. Any troubles in the circuit from the 28V DC circuit breaker
to the master switch and to pin "C" of the temperature colitrol box would
affect hot and cold both. So we can eliminate these circuits as possibili-
ties for our trouble.

c. Any troubles in the circuit from auto position of the
temperature control switch to X-2 of the cabin relay would affect the
system in automatic operation only Any troubles in the circuit from
manual warm to pin "E" at the temperature control box would affect manual
warm only. So, again, we can eliminate these circuits as possibilities.

d. However current has to travel from X-2 of the more heat
relay, through pin "B" of the electrical connector #2, and to pin "B"
of the temperature control valve for both auto and manual hot. Now
troublea._oot to determine exactly where our problem is.

e. Set the PSM-37 to 28V DC. Place the master twitch to the
"Ground Air Cond G.T.C." pos. ion and the temperature control switlh to
automatic. Rotate the temperature selector to warm. Disconnect the
electrical connector at the temperature control valve.

f. Place the black lead on the PSM-37 to ground and the red
lead to pin "B" of the electrical connector. You should read 28V DC.
gowever, you will notice that there is not voltage at this point.

g. Leaving the electrical connector disconnected, remove
connector #1 from the control box. Looking at your wiring diagram,
Notice :hat when the connecter is removed, the voltage is-lost. This
is because it goes in pin "C" of the control box and comes out at pin
"B" on the control box, Due to the loss of voltage it means 'e will have
to set the PSM-37 on OHMS.

h. After you set the meter on OHMS, place one lead in pin "B"
of the temperature control valve connector and the other lead in pin "B"
of the electrical connector #1. You should read continuity, but yc will
notice that the meter reads infinity. This reading indicates an Of 1

between these two points. Looking at your wiring diagram you will see
that auto and manual must come eirough this wire to make the temperature
control valve operate. Place this statement in the cause block.

Open Wire H212A20

Note: If you are on the flight deck air conditioning system, place
trouble switch #10 out and move on to trouble #1.

If you are on the cargo compartment air conditioning system, place
trouble switch #1 out and move on to trouble #2.

Note: When troubleshooting the temperature control system and either
a connector #1 or #2 is removed, this disconnects the power going to
the temperature control box. To continue troUblesho,cing the system
the multimater must be placed to the OHMS position.

14
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Troubleshooting Response Sheet

TROUBLE
SWITCH
NUMBER

Discrepancy Cause

1

2

3

4

5

6

7

8

9

..-

10

mriEN COMPLETED REPORT TO THE INSTRUCTOR

Instructors signature showing setialacory completion of this objective.
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Environmental Pneudraulics Branch
Chanute AFB, Illinois

MAINTENANCE MANAGEMENT

OBJECTIVE

SERVICE TEST
C3ABR42331-SG-301

Upon completion of this unit of instruction, you should be able to
identify the functions and responsibilities of the Deputy Commander for
Maintenance (DCM), by answering a minimum of four of five questions
correctly.

INTRODUCTION

Everyone in a maintenance career field in the Air Force should hav,.
some knowledge of maintenance management. Even first term airmen should
have a basic understanding of the system so there won't be any frustratiou
caused by not knowing what is required of them and where they are in the
maintenance complex. This unit of instruction covers the basics of the
maintenance management system now in use.

Note: The technical information contained herein is sufficient
for this text only. For comprehensive and in-depth coverage of
the maintenance organizations and Deputy Commander for Maintenance
functions, refer to the appropriate AFR 66-1 and/or 66-5.

These are the only two concepts used in aircraft maintenance organiza-
tions. Organizations operating under the procedures of AFR 66-1 use the
"Centralized Maintenance Concept" (CMC), and those organizations operat 1g

under the procedures of AFR 66-5 use the "Production Oriented Maintenance
Organization Concept" (POMO).

OPR: 3370 TChTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 250; DAV - 1
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INFORMATION

MAINTENANCE ORGANIZATIONS

If any group of people work together to complete a common purpose or ,

mission, they must be organized. When they are organized, the efforts of
the group are directed toward "mission accomplishment." Uit' put good, sound

organization, individual efforts become ineffective, and chaos is apt to
start.

The goal of the Air Force is to have offensive and defensive air power
for the United States. To do this goal, there are many side goals that must
be done. One of the most important of then" side goals is assigned to the
aircraft maintenance organization.

AFR 66-1 "CENTRALIZED MAINTENANCE MANAGEMENT CONCEPT"

The purpose of AFR 66-1 is to set up a staff body or agency in Cie
maintenance unit to control the maintenance effort. AFR 66-1 is to ensure
centralization, standardization, and cost effective operation of support
and strategic Air Force units.

Now that you know the maintenance organization you will be using,
it is just as important to know where you fit in the wing. (gee figure 1.)"L

To know the wing structure better, we must know how each function
I -,

fits into the overall wing's mission.

We will look at a wing's functions and their responsibilities to the
overall mission accomplishment. As you may/already know, a wing is the
smallest Air Force unit which is self-sustaining. Each wing may be divided
into three main functions: Operations, Maintenance, and Support. Each
of these does a specific and important task to enable the wing to do its
assignel mission.

U 0

OPERATIONS: As the name implies, Operations is concerned with the
operation of the assigned aircraft or missiles. This responsibility includes 0 ,

2 3

execution of the assigned peacetime mission as well as the training of
personnel to make sure of readiness for the wartime mission.

MAINTENANCE: The wing's maintenance organization, where you will work,
is responsible for maintaining the aircraft and Weir associated hardware.
Maintenance must ensure that the assigned aircraft or missiles are maintained
in the best condition possible with the resources available. To accomplish
this, the maintenance organization will generally control the larger part of
a wing's total resources. (This is where you come in. You will be involved
in some aspects of managing the wing's maintenance resources.)

SUPPORT: This is the third vital function in a wing's structure.
Support includes all of the elements necessary to make the wing self-
sustaining: Transportation, Supply, Medical Services, Base Services, etc.

Obviously, since these three wing functions are all dedicated to one
overall wing goal, it is necessary that they work together. In fact, you

will find that there will be areas in a wing where responsibilities overlap
and other areas where responsibilities must be shared by two or more of the

3
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Deputy
Commander

for

Maintenance

1..

Base Commander

Figure 1. Chain of Command for the Deputy Commander for Maintenance.
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functions involved. This type of relationship between wing functions is
necessary to avoid duplication and waste. It requires a closely ccordinated
work effort among Operation, Maintenance, and Support to ensure tl -t all
objectives are met in an effective and timely manner.

DEPUTY COMMANDER FOR MAINTENANCE (DCM)

Since the maintenance organization is one part of the wing, y, sill
find it easier to know the organizational structure of a maintenance complex
beginning with the DCM and his/her staff. (The DCM's staff agencies will be
discussed in the next PT.) Even though there are two management concepts,
the DCM's responsibilities are similar. Any difference will be addressed
separately in this text. Each of the management concepts will also be
discussed later.

Maintenance is a vital part of the organizational structure of the Air
Force. No matter where you are assigned, the personnel on the staff of the
DCM are impertant to the mission of your unit. ,

The qualifications of the DCM are great and complex. The job of the DCM
is like that of vice president of engineering for a big corporation. The DCM
must be highly qualified in leadership, management, ;. 3 administration. The
maintenance organization of our/operational wing is larger and more complex
than the operation of many commercial companies. The DCM is a position
established at the highest level of operational control and the person who 1--

is in this position is usually the senior officer and is always the most
qualified maintenance officer in the organization. The DCM is the executive
manager of the maintenance organization and exercises centralized contol
and direction over all functions of the activity.

The DCM, through staff agencies (provided for their use as assistants),
manages, plans, controls, executes, and produces the work needed to fulfill
their functional responsibilities. The staff agencies act in the name of
the DCM on those matters for which they have been given responsibility. The
DCM's staff agencies must give the direction and guidance essential for all
subordinates to start, apply, and comply with local and higher headquarters
directives.

Though not limited to these, the responsibilities of the DCM are to

a. Make sure that all maintenance done on assigned equipmeaL is
timely and of high quality.

b. Give the necessary direction and guidance for implementing
maintenance policies and procedates.

c. Give the amount of authority that i5 necessary for staff and
production act-v4ties to perform assigned responsibilities.

d. Control the assignment of all maintenance personnel.

e. Make sure laws, regulati-,ns, and policies pertaining to
persounel assigned to the maintenance complex are obeyed.

f. Coordinate with operations activities in establishing maintenance
support requirements.

A
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g. Make sure that requirements necessary to support the maintenance
mission are included in plans, programs, and host-tenant agreements.

h. Control the assignment and use of maintenance facilities.

i. Make sure that effective safety programs are established throughout
the maintenance complex.

Start a utilities conservation program.

k. Manage the financial program within the maintenance complex.

1. Make sure that a very good training program is established
throughout the maintenance ccmplex.

m. Make sure that Engineering and Technical Service personnel are
effectively used in the maintenance training program.

n, Set up procedures to restrict nuclear weapon movement information.

o. Support the Maintenance Management Information and Control System
(MMICS).

The complexity of the overall responsibilities of the DCM is such that
some of them are normally handled by a group of staff agencies or sections.
As we mentioned before, the DCM and staff agencies must plan, control,
execute, direct, and guide subordinate activities in accomplishing :he
assigned mission. The supervisors of these agencies are on his staff to
furnish him with the technical support, data, and coordination required for
effective management of the activity. They assume responsibilities for
certain control functions which are common to all maintenance activities,
each agency being responsible for certain related and interdependent
functions.

38,1
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DCM STAFF AGENCIES
FUNCTIONS AND RESPONSIBILITIES

Objective

Identify the basic functions of the DCM's staff by answering a
minimum of eight of ten questions correctly.

Introduction:

This lesson is designed to introduce you to the organizational
structure of the Air Force management concepts found in AFR 66-1,
Maintenance Management

Specifically, it contains an overview of the staff function
DCM, and the responsibilities of each.

of the

While reading this SG, it is of your benefit to study figure 2
on the next page in this SG.

The technical information contained herein is sufficient for this
text only. For a more comprehensive and indepth coverage of the
maintenance management concept, refer to AFR 66-1.

The purpose of AFR 66-1, is to set up a staff body or agency in the
maintenance unit to control the maintenance effort. AIR 66-1 is to ensure
centralization, standardization and cost effective operation of support
and strategic Air Force units.

MANAGEMENT SUPPORT
MAINTENANCE MANAGEMENT DIVISION

Administration (1)

Administration is the administrative management center of the
maintenance complex, and the focal point for all correspondence and
reporting. Administration keeps correspondence files, prepares and
submits maintenance reports, and controls maintenance administrative
procedures as directed by the DCM.

The administration activity is responsible for administrative supportof the DCM office and the maintenance complex.
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AFR 66-1

DEPUTY COMMANDER
FOR

MAINTENANCE

"MANAGEMENT SUPPORT"

I

(1)ADMINISTRATION
(2)PRODUCTION

ANALYSIS
(3)TRAINING

MANAGEMENT
(4)PROGRAMS and

MOBILITY
(5)MAINTENANCE

MANAGEMENT
INFORMATION
CONTROL SYSTEM
(MMICS)

(6)QUALITY CONTROL (7)MAINTENANCE CONTROL

Activity Inspec-
tions

Inspection
Catagories

Maintenance
Standardization
and Evaluation
Program

Quality Assurance
Program

Quality Control
Reports

Deficiency Analy-
sis.

JOB CONTROL
PLANS and SCHEDULING
and DOCUMENTATION

MATERIAL CONTROL

DEPUTY COMMANDER FOR MAINTENANCE
STAFF AGENCIES

Figure 2.
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Production Analysis (2)

Production Analysis is the primary managemeni. information source ror the
DCM. The overall objective is to provide information to be used to improve
the maintenance operation. This is done through the examination of various
maintenance management output product reports and the identification of trends
that are developing. Manhour and maintenance data, equipment status, and
other reports received by maintenance-in the form of machine listings contain
alot of data, By the analysis process information can be obtained, that would
assist management to make changes. Analysis should not limit themselves to
pointing out only general areas for investigation. The analysis process
should identify deficiences of a workcenter, particular equipment, maintenance
practices, or management actions. They will also hold the responsibility
in the assigning of workcenter codes, for the various shops throughout the
bace facility.

Training Management (3)

The basic responsibility for training lies with the production unit
commander. This responsibility is fulfilled through the'unit training activ-
ity. How ever, as the functional manager, the DCM has the overall respon-
sibility for maintaining a balance of skills within the mainterance complex,
and ensuring that maintenance personnel receive all necessary training. To
fulfill this responsibility, Training Management ensures that a continuous,
well organized maintenance training program is set up throughout the
maintenance complex.

Programs and Mobility (4)

Programs and Mobility procides the DCM with support in developing and
maintaining programs and plans. As the focal point in maintenance for mission
and support plans, it ensembles and gives inputs to plans. It also serves as
the overall financial, manpower and facilities manager for the DCM. Programs
and Mobility conducts annual staff assistance visits to each maintenance unit
in order to ensure that a viable problem exists in the areas of mobility, fin-
ancial management and personnel management as well as facilities monitoring.

Maintenance Management Information and Control System (MMICS) (5)
Files Maintenance (MMICS) (5)

MMICS, collects and processes maintenance information which are essential
parts of Air Force maintenance management. There are several systems designed
to provide needed management data as part of the overall maintenance management
information system. Keeping the maintenance personnel listing is mandatory
for all commands and units documenting maintenance in accordance with the base
level Maintenance Data Collection System.

The MMICS is provided to help the DCM with the tasks that can be efficiently
and effectively handled by a computer.
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Quality Control (QC) (6)

Maintenance quality and reliability is the responsibility of all
maintenance personnel. The combined efforts of QC personnel, maintenance
supervisors, and technicians are necessary to insure high quality maintenance
production and equipment reliability. Maintenance Supervisors are
responsible for safety of flight, safety of equipment operation, and
quality maintenance production. The QC staff evaluates the quality of
maintenance organizations' QC program.

QC serves as the primary technical advisory agency in the maintenance
activity, helping the production supervisors and the DCM in the resolution
of quality problems. The evaluation and analysis of deficiencies and
problem areas are a key function of QC.

QC must assure that technical and management procedures are followed.

Maintenance Control (7)

Maintenance Control is the only staff function involved directly in
the maintenance production under the DCM. The staff elements are assigned
directly under Maintenance Control.

Maintenance Control must direct the maintenance production activity,
using resources, and controlling the actions that are required to support
the mission. Maintenance Control plans, schedules, direct, and controls
all maintenance on aircraft, and related equipment. To carry this out,
Maintenance Control is set up into three parts:

Job Control

Plans & Scheduling & Documentation

Materiel Control

If you should walk into Maintenance Control, you would find a few
display boards representing the flight line and the places where aircraft
and equipment are found. Some displays show the work to be done, work
in: progress, and projected work start and stop times. In the midst of
all this you would see a few people answering phones and radio calls to
dispatch specialists and equipment to a few areas on the flightline. You

can readily understand why we call Maintenance Control the nerve center
of the maintenance organization.
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OBJECTIVES

MAINTENANCE DATA COLLECTION

Identify facts relating to Maintenance Data Collection by answering
a minimum of four of five questions correctly.

Identify facts for processing and controlling material with 100%
accuracy.

INTRODUCTICN

Have you ever really tried to keep up with the maintenance that is done on
your car? Unless you are the type that performs hie /her own maintenance and
inspections, and keeps accurate records, it car get confusing. You take your
car to one place, and they complete forms, teliing you what they've done to it;
then you take it to another place and they fill out their forms which are different,
and before you know it you are so confused as what is dore and still needs to be
done that you are pulling your hair out by the roots!!! Every place you take your
car for the different "specialists" to perform their maintenance, there is a
different form, with sometimes very confusing but important information.

Some maintenance can be Erlheduled. Foi example, oil changes, oil filters,
air filter, spark plugs, wheel, allipnments, etc.can be-scheduled in advance./
These are things that you may work into your budget to get them done. Sometimes
things happen by surprise, like transmission failure and engine proglems. These
things you can't plan on and are unscheduled maintenance.

Sometimes even when we do our own maintenance, unless we keep a record of
what and when the maintenance was done, we can have a difficult time remembering
when certain things are due again.

As you know, you will be performing scheduled and unscheduled maintenance
on aircraft. Along with this maintenance you will have to maintain maintenance
and historical records on all maintenance that is performed. Just like every place
you take your car for maintenance, they have a particular form and wa:. filling
out that form, so does the Air Force. This is called the Maintenance Data
Collection System.

These forms are numbered, such as AFTO Form 349, AFTO Form 350, and AFTO Form
781A. The abbreviation AFTO identifies this form as an Air Force form and has
a Technical Order written in order to complete the form properly.

We will learn in this lesson how to use these TOs and when to which TO for
what AFTO Form. We will also learn the AFTO form that is used to process and
control material (parts) for repair or to be condemned and returned to Depot.

Before we begin, be sure to read and follow this PT very carefully. Should
any problems arise, ask the instructor for help/assistance.

11
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INFORMATION

Title Page

TO Number: The TO number is written in the upper right corner of the title
nave and in the upper left/right corners of the pages thereafter. (This binder
contains four different 00-20 TON. So if vou ever have difficulty finding the
information we are talking about, the first thing you should do is check the number
in the upper left/right corner of the nape.) In this case, we are in TO 00-20-1.
Each TO number is divided into at least three parts and each part is separated by
a dash. Each part of the TO number identifies what the TO is all about.

00. The 00 in the first part of this T(' number identifies methods and proce-
dures.

- 20. Tells us this TO pertains to the MDC system.

- 1. Says General requirements for all AF T° Forms.

If we take this TO number breakdown and put it together we would have, "The methods
and procedures for the MDC system that is applicable to all APT° Forms."

TO Title: The title of this TO is "PREVENTIVE MAINTENANCE PROGRAM GENERAL
REQUIREMENTS AND PROCEDURES." This is a brief statement as to the type of infor-
mation that is found inside this TO and is located in the top center of the Title
Page.

Distribution itaterent: The distribution statement tells us that the TO is
limited to US Government use, and if we would like to order a copy we must write to /111
Pinker AFB, Oklahoma. The distribution statement is written in the bottom center of
the title page.

Publishing Statement: ;The publishing statement says who authorized this TO to
-

be published. The Secretary of the Air Force said this TO will be published which is

like they are telling you on paper what to do. Since this is a Technical "Order,"
if you do not use this and comply with the orders contained in this and all TOs,
you are failing to obey an order given you by the Secretary of the Air Force, which
is as bad if not worse than telling your supervisor that you will not do what he is
telling you to do. "ALL TOs ARE A MILITARY ORDER!"

The publishing statement is written in the bottom center of the Title page.

Dates: If you'll look in the bottom right corner, you'll see two dates. The
top date of 1 January 1979 is the date this To was published. Below this date is
CHANGE 10 15 Februarp983, and tells us since 1 January 1979 this TO has had ln
changes and change 1 was put in effect 15 February 1983.

TOs usually change quire a bit. The information may not be clear enough to
comply with or may be misleading as it is written. Because the Air Force wants us
to use these and all TOs, they go to unending limits to make the information clear
and precise. Sometimes they eel they need to add information to a TO, so it is
added for our benefit. TOs are written for you! Use then:

12

390

61)



'LISTS OF EFFECTIVE PAGES' Page A.

Turn the Title Page over. In the lower left corner, you'll find the letter
A. This is the page letter. (Page numbers will begin later in this TO.) If you'll
look in the upper left corner you'll find, inside a box, LEE OF EFFECTIVE PAGES'.
If you read through this page, beginning with this box, you'll find next to this
box what to do in case of a TO change. Beneath this, there is a NOTE: This note
tells how we can identify a changed portion of a page, which the latest change has
affected. Next we find the dates that each change was published, and below this,
the total number of pages in this TO and the change number of each page, if any.

Page A is common to all TOs, and is located on the back of the title page.

Table of Contents Page i

This page is called the Table of Contents and is liOgery important tool in
finding information in this TO. The Table of Contenteis divided into three
columns. From left to right the titles of the three columns are:

SECTION TITLE PAGE

Section: This tells us what section of the TO information is found. Section
one pertains to GENERAL information. Section II pertains to ADMINISTRATIVE RE')UIRE-
MENTS FOR MAINTENANCE DOCUMENTS. Notice under the word Pt.GE how the first number
before the dash changes depending on what section of the TO we are in.

Title: In the center of the page we have the titles of information. Under
GENERAL, Section I, we first of all have the Purpose of this TO and all information
that is of general nature. In section II we will find information p-rtaining to the
administrative requirements. Whenever I hear the word "administrative," I think of
filing, typing and things that a secretary would do. Well section II pertains to
just that kind of information.

Page: In column three, we find a list of page numbers. You already know that
the first number, before the dash, is the section number. The number after the dash
is the actual page number or the order of information in which it is found. To the
left of the title we have another set of numbers. These numbers are paragraph num-
bers. If we were looking for information pertaining to contract maintenance oper-
ations, we would find the title in section one. We would find the information that
we are looking for in paragraph 1-7 on page 1-2.

As we continue looking through e Table of Contents, you will notice a black
vertical line next to page number 2-6. Remember what this stands for? If not, go
back to page A in the TO and read the note in the upper center part of the page.

In section IV we have MAINTENANCE INSPECTIONS METHODS AND PROCEDURES AND
ACCESSORY REPLACEMENT AND REUSE REQUIREMENTS. Turning to pane ii, there are two
more sections - V and VI.

Also included in the Table of Contents is the list of illustrations. This is
used when you want to see a picture of, in this case AFT() Forms, what the TO is
describing. On page iii, we find the list of tables, which has problem areas that

of people have had, so a table was written for these particular problems and
"1,It to do in case you should have the same problem some time in your Air Force
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Always use the Table of Contents when you are looking for information inside a
TO. It helps you to find the information much faster and easier. If there is
something inside the TO that you don't understand, such as an astrisk or some kind
of markings, always look to the page A for a definition of these markings. If the
narking isn't listed there, it may be identified in the first paragraph of that
section. If not, ask your instructor if he/she will identify it for you.

TO 00-20-2-2

ON-EQUIPMENT MAINTENANCE DOCUMENTATION FOR AIRCRAFT; AIR-LAUNCHED MISSILES; GROUND-
LAUNCHED MISSILES, EXCLPT ICBMs; DRONES; AND RELATED TRAINING EQUIPMENT

Turn to TO 00-20-2-2.

Lets begin this part of the lesson by discussing this TO number. You
probably already noticed this TO number has four parts. Lets find out what
these parts identify.

00 The 00 identifies the same as in the last TO number. Methods and
procedures.

-20 The 20 still identifies the same thing, MDC System.

-2 The -2 identifies a particular AFTO Form(s). In this case the
AFTO Form 349, and the AFTO Form 350. (see Table of Contents)

-2 The last part is a -2, and this identifies what piece of equipment
this TO applies to. You can tell by the title, this TO applies to
Aircraft.

If we were to take this breakdown and put it all together, we would have:

The Methods and Procedures for the MDC system, for completing AFTO
Forms 349/350 when working on the aircraft.

The 'A' page, and the Table of Contents work the same in this TO as in
the last TO. (00-20-1), and has the same format as used in the last TO.

Lets proceed to the next TO.
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TO 00-20-2-10

OFF-EQUIPMENT MAINTENANCE DOCUMENTATION FOR SHOPWORK, CONVENTIONAL MUNITIONS, AND
PRECISION MEASUREMENT EQUIPMENT

In this TO number the only part that has changed is the fourth part (-10).

We still have a Methods and Procedural TO, (oo). TTe still have a TO that

pertains to the MDC System, (-20). The Third Part is st'il -2, ana by looking at the
Table of Contents, this TO still pertains to the same AFTO Forms 349/350. Now
what does the -10 in the fourth part identify? Notice the TO Title, where it says
in the beginning, OFF-EQUIPMENT MAINTENANCE DOCUMENTATION FOR SHOPWORK.

So we have a Methods and Procedures TO for the MDC System, for documenting
maintenance on the AFTO Form 349/350, when working IN-SHOP.

The Page 'A' is the same for all TOs except for the specifics pertaining
to_the TO you are using. The Table of Contents is on the same basic format as the
Os, (NOTICE: the 00-20-2-2, and 00 -20 -2.10 Table of Contents are almost identical).

TO 00-20-5

AIRCRAFT, DRONE, AIRCREW TRAINING DEVICES, ENGINES, AND AIR-LAUNCHED MISSILE
INSPECTIONS, FLIGHT REPORTS, AND SUPPORTING MAINTENANCE DOCUMENTS.

TO 00-20-5 begins no differently than the other TOs. It also has a
Titic Page, an 'A' page, and a Table of Contents.

The -5, in the third part of the TO number, identifies that this TO covers
specific information. Unlike TO 00-20-1, which covers general information
applicable to all AFTO Forms, the 00-2G-5 covers specific information on
specific forms.

Look through the Table of Contents, (pages ii, thru iii) and you will
find this TO covers the entire AFTO Form 781 series; (there are approximately
8 different 781's). AFTO Forms 100, 100A; and AFTO Forms 98, 88, 44, and
34. (Don't worry, you will not be responsible to remember all of these
AFTO Forms. Just know what TO covers them). You may also notice this ")
does not cover the AFTO Forms 349/350.

Briefly review the Table of Contents before you proceed to the review
questions for this frame.
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Review

TO 00-20-1 "Preventive Maintenance Program General Requirements and Procedures"

This TO pertains to the methods and procedures for the MDC systems. It is

general information and applies to ALL AFTO Forms.

TO 00-20-2-2, "On-Equipment Naintenance Documentation for Aircraft; Air-

Launched Missiles; Ground-Launched Missiles, Except ICBMs;
Drones; and Related Training Equipment"

This TO pertains to Aircraft Maintenance Documentation for AFTO Forms 349 and

350.

TO 00-20-2-10, "Off-Equipment Maintenance Documentation for Shop Work,
Conventional Munitions and Precision Measurement Equipment."

This TO pertains to Maintenance Documentation for Shop work, when the equipment
(system or component) was removed from the aircraft, and is for AFTO Forms

349/350

TO 00-20-5 "Aircraft, Drone and Air-Launched Missile Inspections, Flight
Reports and Supporting Maintenance Documents."

This TO pertains to specific information on specific AFTO Forms.

If you have any questions on any of this information ask now

We have two more TOs to learn. They are TOs: 00-20-2 (in H0301) Maintenance

Data Collection System.

IF-111A-06 Work Unit Code manual
for an F-111A Aircraft

The reason these two TOs have been separated from the others is because they are
used to find the codes that are used un AFTO Forms.
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The TO 00-20-2 "MDC system", is used to find the codes that are entered
on AFTO Forms 349/350.

One of the codes we will find in this TO is Standard Reporting Designator
(SRD) codes. An older AFTO Forme 349-350 the SRD is called EQ/CL (Equipment
Classification Codes). Whether it is SRD or EQ/CL the same code is used.
They are different terms that mean the same thiq6.

SF]) codes are used to identify aircraft and support equipment end
related equipment by type or category.

All the codes in this TO are identified by aircraft type in alphabetical/
numerical order. (Example: Attack, Bomber, Cargo, Figher, etc.) In order

to find the SRD/EQ/CL code simply look up the type, model and series of
aircraft or aircraft equipment you are working on.

(Example: An F-111A; Type 'FI=Fighter; Model 111; Series A.)

If we look up the SRD-EQ/CL Code for an F111A, we will find the code is AFV.
The 'A' identifies a General type of equipment such as 'A' for aircraft. If

the first character is an 'X', it identifies engines.

The FV of the SRD-EQ/CL Code identifies specific equipment (1-111A). If we

were to remove the engines from an F111A, our SRD-EQ/CL code would he XFV.
If we removed the Air Launched Missiles and Guided Missiles from the F111A our
SRD-EQ/CL Code would be NFV.

Some bases have more than one kind of aircraft assigntd. The reason for
using SRD-EQ/CL Codes is because some equipment for certain aircraft may look
identical, but not be interchangeable. So these codes will assist us and
others in identifying that the equipment is for a specific aircraft.

These codes are also used in computer programs to facilitate data pro-
cessing of specifi equipment for use in automated management information systems
and to assist interchange of data between the supply and maintenance system.

The authorized abbreviation for SRD, and EQ/CL codes is SRD.

Another code the 00-20-2 TO gives us is the Category of Labor Codes.
These Category of Labor Codes are to be used for differentiating the various
types of maintenance resources used to support the USAF _quipment maintenance
program. These codes are mandatory for all units under the MDC System.
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TO IF-111A-06, "AIRCRAFT MAINTENANCE WORK UNIT CODE MANUAL USAF SERIES F-111A,
D, E AND r AIRCRAFT."

CLooking at the Title Page of the IF-111A-06 we will find the TO number
in the upper right corner, and on the top center of each page hereafter. In the

center top half we will find the complete TO tit? . The title includes all

letters and numbers. You see this TO covers the 2-111 series A, D, E, and F.

It will not work for series B, C of the F-111 aircraft. Below the title we

will find the distribution statement, and beloN this, we find this TO was
published under authority of the Secretary of the Air Force. Then to the right

bottom corner we will find the basic date and change number along with the
change date.

Behind the Title Page, we have an 'A' page. First we have the TO number,

and the title of this page "List of Effective Pages." Beneath this is what

to do in ctoe of Ijchange to the TO. Then we find how we can identify what the

most recent change has affected. Now we have a NOTE: That the other TO did

not have. It says "only pages listed on tie 'A' page are valid." Next we find

the dates of issue for the original, and changed pages along with page numbers,
and change numbers that should be found for that page. The list of Effective

pages covers pages A, B, C, and D. The total number of pages in this manual

is 256.

On Page I-001 begins the Table of Contents. See the black vertical

lines in the outer margin of this page? Remember what this means? If not,

Pp) back and read the first note on the top of page 'A'. Never try to

"memorize" information that is found in a TO. They are almost constantly
'being changed. If you feel that you have "mastered" the information always
.double check before you do what is required, and remember "a TO is a military
order."

Beneath the Table of Contents page we find the preface. This is where

they introduce the various codes, abbreviations and symbols you will find inside
the TO.

Next we see there are two groups of Type Maintenance Codes. One is

f6r aircraft, the other is for engines. Always be sure you are in the right
group for the type of maintenance you are performing. (Read paragraph 2c

do page II-002.)

Getting back to the Table of Contents, we find Action taken codes listed
on page V-001. The description of Action taken codes is on page 11-002, para-
graph 2D. Read this paragraph, then return to the Table of Contents and this
PT.
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After Action taken Codes we find When Discovered codes. Read paragraph 2D
on Page 11-002 in the TO.

Now things begin to get a little tricky. Pay very close attention to
this paragraph.

There are two groups of How Malfunction Codes. The first one is an
Alphabetical listing, where all the code definitions are listed under the first
letter of the malfunction. Turn to Page VII-001 to see what we are talking
about. Then return to the Table of Contents. The second group of How Malfunction
Codes is a numerical listing where all the codes are listed according to the
number of the code. (smallest number first) Turn to Page XI-001, then return
to the Table of Contents.

These How Malfunction codes are further broken down into categories:

Avionics/Electrical/Computer
Physical/Mechanical
No Defect
Engine Related/Reason For Removal

This category of How Malfunction Codes is broken into sub-categories:

Observed or Recorded Operational Conditions
Identified Components
Condition Monitoring
Chance Occurances
Managerial Decisions
Nor Defect

The majority of these codes you will use will be taken from the Physical/
Mechanical category.

After the How M-- .tioned Codes Numerical Listing is Aircraft Support
general Codes. All General Codes will begin with a zero (example:
01000, 02CJO, 03000 /000). These codes are used like Work Unit Codes;
only work unit codes will begin with a one or higher number (Example: 11000,
11ADP, 23GAE, 47ADB and etc.)

Support General Cries are used to identify a group of components that
make up a * sk. Example: If we were given the job of washing an aircraft, we
would have to document all of the components on the aircraft that ve washed,
which would include almost every work unit code in this manual, or we could
use the support general code that identifies "washing" which would include
everything on the aircraft that was washed.

We could say Support General Codes are verbs, they show action taken
against something. Since you can't see or touch "washing", it is something
you do.
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To find the Support General Code for "washing" use the Table of Contents.

The first group of Support General Codes, (page 1-002) says "except 03000
and 04000". Then we notice that the next two groups are for 03000 and 04000.
They have their own pages (03-001 and 04-001). Before we go any further, le.s
go to these two Support General Codes and find out why they are listed sep4rately.

Turning to Page 03-001 first, notice what is above Support General Code 03100.
It says "Look" Phase of Scheduled Inspections. This is a list of all the Scheduled
Inspections we will perform on a F111 aircraft.

On Page 04-001 we have a list of SPECIAL INSPECTIONS. These are inspections
we will perform on F111 aircraft that are Unscheduled Inspections, or Special.
There are four pages of special inspections. Due to the fact that "washing"

not an inspection of any kind, the Support General Code we are looking for
must be in the first group where it says "except 03000, and 04000."

Remember 03000 Codes identify "SCheduled Inspections, while 04000 codes
indentifies "Special Inspections."

Now turning to Page 01-001, we find the Code 01000. This code identifies
Ground Handling, Servicing and Related tasks. Reading through the description
of 01000, we cannot find anything that is related to "washing". Turning to
Page 01-003 we find 02000, and it identifies Aircraft Cleaning, which includes
"washing". So the Support General Code for washing is 02000.

Support G-neral Codes are verbs. They show action.

Work Unit Codes (any five diget code that begins with a 1 or higher
number) is a noun. These are things that we can see and touch, so turn to
Page 11-001 and lets look at one of these codes. 11000-Airframe Fuselage.

Work Unit Codes are listed in an outline format. 11000 is a work unit
code that identifies the airframe of the aircraft. Notice how all the codes
on Page 11-001 begin with the same number as the page number.

--Beneath the description of 11000 we will find the Airframe Fuselage is
'broken down into sections. In this case it is the Nose section. Now notice
aolnat happened to our work unit codes. We still have 11 but the 000 changed to
IAA. The 11 still identifies the Airframe fuselage, but the AA now identifies
lone section of it. In this case the AA identifies the Nose Section. Go down
the list of Work Unit Codes changes from AA. What does it mean when the code
.changes from AA to AB? Here AB identifies the Nose Section Doors/Covers.
When the code changes from AB to AC we changed to another section of the airframe.
In this case it is the Center Section. Looking to Code 11ACD we have the skin (D),
riar the Center Section AC, for the airframe (11). The only letter that changes
'is the last letter. This identifies a component for the sub-section, for the main
section.
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Lets look at Page 41-001. You all should be familiar with this system.

Look at Code 41 ABA. The last A identifies the Exchanger, Heat, Air-to-air,

(for F111 series A/E) for the Refrigeration Package B for the Air/Conditioning

System 41A.

If you are having problems understanding these codes, ask your instructor

for help.

If you have any questions about any of these TOs, ask your instructor for
help.

Review on TO's 00-20-1 and IF-111A-06

The 00-20-1 TO, gives us information in codes that goes on the AFTO forms
349/350. The codes that are found in this TO are "Standard Reporting
Designators", and "Category of Labor".

The IF-111A-06 TO, gives us information, in -.odes, that goes on the AFTO
Forms 349/350/781A has required). The codes that are found in this TO are:

Type of Maintenance
Action taken
When Discovered
How Malfunction
Aircraft Support General
and Work Unit Codes

Up to this point you have learned how to use six TOs. They are:

00-20-1 Preventive Maintenance Program
General Requirements and Procedures

00-20-2 Maintenance Data Collection

00-20-2-2 On-Equipment Maintenance Documentation for Aircraft;
Air-Launched Missiles; Ground-Launched Missiles, Except
ICBMs; Drones; and Related Training Equipment.

00-20-2-10 Off-Equipment Maintenance Documentation for Shop Work,
Conventional Munitions and Precision MeasurE.ment Equipment

00-20-5 Aircraft, Drone, and Air-Launched Missile Inspections, Flight
Reports, and Supporting Maintenance Documents

IF-111A-06 Aircraft Maintenance Work Unit Code Manual USA1 Series
F-111A, D, E and F Aircraft.

If you have any questions concerning the use of these TOs, ask your instructor
orfore continuing.
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There are many reasons for the use of she MDC System. They are to name

a few:

1. Production information about the type of work accomplished, the work

center that did the work, and the equipment on which the work was

accomplished.

2. Equipment maintenance schedules and inventory information for main-

tenance actions that are required on a calendar basis.

3. Equipment failures and discrepancy information.

4. In addition to the above, base maintenance managers and supervisors

may obtain information concerning the cost of maintenance.

(a) The cost of civilian and military manhours.

(b) The cost to maintain aircraft, for both on and off-equipment

maintenance.

(c) Reimbursement action for transit maintenance services.

Because of the many uses it is important that the data in the MDC System

be accurate. The effect of data errors varies for different information
uses. For instance, some margin of error can be tolerated when determining

inspection intervals. However, computing the service life of high cost,

low inventory items require 100% accuracy.

The information provided through the MDC System is used in the management

decision making process which results in many tangible benfits to Air Force

logistics, especially maintenance. These benefits are not always apparent to

the individual involved in the documentation of data; however, a large portion

of the cost of the MDC System is returned through better management decisions

that can be made with informative facts.
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Figure 3. AFTO Form 349.

The AFTO Form 349 (Figure 3) is the Maintenance Data Collection Record
This is a universal form. It is used to collect information on man hours,
serially controllec. items, time change\items, type of maintenance performed,
who performed the maintenance; by work center, and employee number. It is also
used as a spatch from when certain blocks have been completed.

Do you remember what TOs are used to complete this form? Do you remember
what TOs are used to find the codes that are recorded on this form?
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In Figure 4 you will find a copy of the AF"..0 Form 350. This is a
Reparable Item Processing Tag, and is a two part form.

Part I of the AFTO Form 350 will always be left attached to the item
that is determined to be reparable and is being forwarded to other activities fcsr
repair, and is used for shop processing. Part II serves as a production control
document, and is used to control the reparable item during shop processing.
The Part II of this form will be retained by the Production Scheduler.

AFTO FORM 350 FEB. 1977
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s
The Maintenance Discrepancy and Work Document is where the actual discrepancy

begins , AFTO Form 781A (Figure 5). This form records all maintenance that
is performed on the Aircraft, that is discovered by the pilot and maintenance
personnel. This form will always be kept at, or near the aircraft, each aircraft
will have its own separate group of AFTO 781 series forms.
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OBJECTIVE

MAINTENANCE SYSTEM

State general principles of the maintenance system by answering a
minimum of 8 of 10 questions correctly.

INTRODUCTIUN

A good Air Force does not just happen by accident. It is the result of
a lot of people working together for a common goal. In this programmed
text, we will discuss some of these people and what their jobs are about.
The people we are most concerned about, because we are mechanics, are those
who work in the areas of maintenance. The two main goals in the areas of
maintenance should be as follows:

Keep Air Force equipment serviceable.

Keep it safe to use.

Now, let us begin our adventure into the "MAINTENANCE SYSTEM."

The Maintenance System is broken down into four areas. They are as
follows:

Levels of Maintenance

Maintenance Squadrons

Types of Maintenance

Maintenance Symbols and Their Use.

We will oegin our studies with the Levels of Maintenance.

INFORMATION

LEVELS OF MAINTENANCE

Organizational Maintenance

Organizational Maintenance is limited in scope. This level of maintenance
includes routine inspections, replacement of some components, minor structural
repairs, and servicing with fuel, oil, etc. Organizational Maintenance may
also do technical order modification that can be done with the facilities that
are at the organizational level.

It is of the utmost importance that technicians at the organizational
'ovel discover any of the indications of equipment failure soon enough to
vent a major component failure. Failure to discover these indications

result in an increase in the workload of the other levels of maintenance.
result in a disruption of the maintenance schedules, not to mention
Mt failure with the possibility of a loss of life and/or equipment.
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Intermediate Maintenance

Closely supporting the organizational level of maintenance is the
Intermediate Level of Maintenance. Personnel in the Field Maintenance
activity, usually a field maintenance squadron (FMS), performs maintenance
at the intermediate level. The FMS usually has a high concentration of
skilled specialists and has the most costly equipment in the maintenance
organization. You will find such shops as engines, fuel systems,
electrical, pneudraulics, and environmental systems, just to name a few,
at this level. The actual number will depend on the size of the organization
and the mission, in other words --NEED! If the DCM decides that there is a
need for a shop, then the organization will make the necessary provisions
for it.

The support that is provided by this level of maintenance consists of
furnishing specialist assistance at organizational line maintenance, doing
bench checks of equipment, and maintenance repair that is beyond the capacity
of the organizational unit. When the capabilities of the maintenance activity
at the intermediate level are exceeded, the problem becomes a matter for depot
level maintenance.

Depot Maintenance

This is the highest level of maintenance and requires extensive equipment
to do major repair and overhaul. The chief function of the depot is the
performance of MAJOR modifications on the aircraft and all of the aircraft
components. All systems are "inspected and repaired as necessary." Depot;
also supply the spare parts for Aerospace Ground Equipment (AGE), as well
as Technical Order Compliance Kits (TOC) to the Organizational and Field
Maintenance units through the normal supply channels.

Depot Maintenance is usually done at specifically designated bases in
the United States and in some overseas areas.

MAINTENANCE SQUADRONS

AFR 66-1

Now let us take a look at the units that do the actual maintenance on
the flightline. These consist of the following, for AFR 66-1:

Organizational Maintenance Squadron (OMS)

Field Maintenance Squadron (FMS)

Munitions Squadron (MS)

Avionics Maintenance Squadron (AMS)
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Organizational Maintenance Squadron (OMS)

The OMS has physical charge of the assigned aircraft. Each aircraft is,
in turn, assigned to an individual who is called a "Crew Chief." They are
in charge of the aircraft, the aircraft forms, as well as any of the
maintenance personnel assigned to work on the aircraft. Actualiy, we could
say that the whole maintenance complex is organized to support the OMS.

The OMS itself may be further divided into the following sections or
branches:

Alert Force

Base Flight and Transient

Flightline

Inspections

Support equipment

Field Maintenance Squadron (FMS)

The FMS provides maintenance and the assistance of specialists to the
other maintenance functions. FMS does intermediate level maintenance within
the capability of the assigned specialties, their equipment, and their
facilities. FMS may a:.so be authorized to do so by the DCM.

FMS is usually the largest squadron in the maintenance organization.
It also uses the most man-hours. Therefore, the way the people and the
equipment are used by FMS will have a great effect on the maintenance
capability of the wing.

FMS usually consists of the following branches:

Fabrication

Propulsion (Jet Engine Maintenance Shop)

Aerospace Systems (Environmental, Pneudraulics, Electrical, etc)

Aerospace Ground Equipment (AGE)
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TYPES OF MAINTENANCE

There are two basic types of maintenance performed in the various
squadrons. They are

Unscheduled maintenance, which may be done in the form of an inspection,
or maintenance that is performed in between scheduled inspections. These
types of maintenance are things that happen that cannot be planned into the
maintenance schedule. These types of maintenance usually have a higher
priority (job importance) than the next type of maintenance, which is
scheduled maintenance.

Scheduled maintenance usually is done in the form of an inspection
which will be covered in depth in a later lesson. This type of maintenance
is planned into the days, months work s-hedule.

MAINTENANCE SYMBOLS AND THEIR USE

The symbols we will discuss in this section are used on some maintenance
forms to make important notations instantly apparent. These serve two
purposes:

To identify the condition of the equipment.

To form the basis of a standard system for telling at a glance the
seriousness of the discrepancy noted next to the symbol.

The symbols, in order of seriousness, are

Red X

Circled Red X

Red Dash

Red Diagonal.

All symbols WILL BE ENTERED IN RED PENCIL.

Study figure 6, located on next page of this SG, as we discuss these
maintenance symbols.

Red X

The red X indicates that the equipment unit is considered unsafe or
unfit for use, and the equipment. will not be used or flown until the
unsatisfactory condition is corrected. NO UNE can authorize an aircraft
to be flown or the equipment to be used until the unsatisfactory condition
is corrected.
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The red X symbol will be entered in the appropriate location of the
applicable maintenance form IMMEDIATELY upon discovery of the condition.

Notes:

the repairs made or work done to correct the condition of the equipment
WILL be inspected only by maintenance personnel who are delegated such

'

authority to clear the red X symbol as directed by the DCM.

Circled Red X

A red X inside a red circle will be used to show that the equipment is
grounded or restricted from peacetime operation, pending compliance with an
Urgent Action Time Compliance Technical Order (TCTO). The only time that a
circled red X symbol will be used is when the urgent Action TCTO has expired.

The same rules apply for clearing the circled red X as for the red X.

Red Dash

The red dash shows that a required inspection is due. The red dash can
also show that an inspection is overdue and time will not let you do the
inspection before flight. This symbol shows that the condition of the
equipment is UNKNOWN and that a moreAerious condition MAY exist. This
condition will be corrected as soon as possible by doing the required
inspection and compleL,ng the necessary maintenance.
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Red Diagonal

The diagonal shows that an unsatisfac* ry condition DOES exist on an
aircraft or piece of equipme 'tt but is not urgent or dangerous to warrant
the grounding of the aircraft or the equipment. The red diagonal will be
a straight line from the lower left to the upper right of the symbol block.

Clearing Red Symbol Entries (Figure 7).

The last-name initial in BLACK entered over the symbol in the symbol
block shows that the person whose name is in the signature block related to
that discrepancy has done the required work, or inspected the equipment, and
has found that all thiags are satisfactory and is assuming the responsibility
that it is OK to fly or use the equipment.

Changing Red Symbol Entries

Once a Red symbol has been placed on a maintenance form, the symbol will
NEVER BE ERASED, even if entered in errors Entry of a red X, circled red X,
red diagonal, or red dash on any maintenance form shows the individual's
opinion as to the seriousness of the defect. Therefore, NO INDIVIDUAL is to
be directed to change a symbol which they have entered.

If an individual of higher authority within thu maintenance or repair
activity believes that the condition is more serious than shown by the symbol,
THEY WILL change the symbol themselves. They will do this by drawing a line
through the name of the individual who made the entry and enter their signature
and grade in parentheses above or beside the signature block. See figure 2.

If supervisory personnel think that the condition is less serious than
shown by the symbol, this will be brought to the attention of the DCM,
equivalent contractor representative, maintenance 9-level noncommissioned
officer, civilian equivalent that has been authorized by the DCM to downgrade
tht. symbol. Individuals who make the decision will indicate their action by
a notation in the CORRECTIVE ACTION block for the defect and will read as
follows: "Symbol downgraded frow Red X (or Circled Red X) to a Red Diagonal
(or Red Dash, whichever is applicable). Discrepancy reentered on page number

item number " When a symbol is cleared in this manner, no one
need sign the INSPECTED BY block. The same discrepancy, the new symbol, and
the PRINTED first initial, last name and grade of the person who found the
discrepancy will be reentered in the applicable block and will be followed
by an entry to read "Symbol changed from Red X (or Circled Red X) to a Red
Diagonal (or Red Dash), date, employee's name, grade, and organization."
This entry will remain with tne discrepancy until it is corrected.

Notes:
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INSPECTION SYSTEMS

OBJECTIVE

State the general principles of the inspection system by answering a

minimum of 8 of 10 questions correctly.

INTRODUCTION

Well, soon you will be leaving Chanute AFB, Illinois, and going PCS to
another base, probably in another state. If you plan on driving your car,

you probably will not begs your trip without first preparing your car.
This preparation is like an inspection that is performed on an aircraft.
The only difference is, if you forget tc check something on your car, before

you leave, and the component stops functioning properly, you can pull over

to get it repaired; but what does the pilot do if a system or component

fails?

Inspections on aircraft are never ending, and none are more or less

important than the other.

Note: Remove all figures located in the back of this SG at this time.

Scheduled Maintenance Inspection

Scheduled maintenance inspections required for Air Force equipment are

prescribed in the applicable -6 scheduled inspection and maintenance
requirements manuals end inspection workcards (WC) or checklists (CL).

The achedu2ad maintenance inspection intervals for aircraft or support
systems, equipment end items and components are specified in the applicable

-6 scheduled inspection and maintenance manuals and -6WC inspection

workcards. All requirements pertaining to inspections will normally be
accomplished in nuss.rical order to avoid complications in controlling and

scheduling the recuired maintenance. The time intervals specified for

scheduled maintenance inspections such as calendar, and flying hours
represent the maximum interval between accomplishment of such
requirements.

Work Cards and Sequence Charts

Lets find out what "tools" (Inspection Control Documents) are used
during the performance of an inspection used by you and/or your supervisor.
(These tools are located in TO 00-20-1.)

The plannt4 inspection and maintenance concept provides a means of
performing required inspections and repairs on a scheduled and planned

basis. This planning and scheduling is required for phased, periodic and
isochronal, (iso, means equal amounts; chronal is time, usually expressed
in days or months) inspections, and major maintenance on aircraft or support
equipment to effectively use the people assigned to your section.' A degree
of planning and scheduling is also provided for by the use of inspection

workcards and sequence charts.
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The inspection work cards, figure 8, outline the minimum inspection
requirements. They are used as a guide, and tell you what to inspect, and
what to inspect it for. The inspection workcards will be a very important
tool that you will use in order to complete an inspection properly, and
effectively in a minimum amount of time. They are published under the
authority of the Secretary of the Air Force, and each -6 inspection
requirement TO, and -6WC inspection requf_ement inspection has its win set of
workcards, with a separate TO number assigned for each set (-6, and -6WC m
1 set).

The sequence chart, figure 9, is used by your supervisor in order to
control the inspection. The sequence chart is used as a guide in preparing
the actual work schedules. They also serve as a means of controlling the
assignment of work during the inspection, and are a ready reference for
determining the progress of the inspection. To aid the supervisor in making
work assignments, the inspection workcard numbers may be plotted on the
sequence chart to provide the desired work schedule or sequence in which all
predictable or routine maintenance can be most effectively accomplished. The

use of the workcards and sequence charts, will permit the work of each
individual to be planned for uninterrupted job completion. This will assure
the planned use of personnel, early detection cf discrepancies, and more
accurate planning for the accomplishment of the required repair work.

Inspection Methods

Inspections on aircraft, or support equipment, will normally be
accomplished under a "specialists" maintenance concept, which means each
system specialist swill perform their portion of the inspection. This will

consist of an inplace method of inspection, or the dock method of inspection.
The inspection crews will be supported by the specialists provided on
dispatch forms (AFTO Form 349) from the various shops as scheduled.

The inplace method is used when maintenance and operational
requirements say that the inspection and maintenance must be performed at
the aircraft location. In other words, you go to the aircraft.

The dock method is used when maintenance and operational requirements
say the aircraft be moved to a fixed station or site for accomplishment.
Required maintenance crews may be permanently assigned to such stations or
sites. Each "inspection dock" will be equipped with the necessary tools and
equipment to accomplish the required inspection and maintenance. In this
method of inspection the aircraft is brought to you.

Inspection Concepts

There are four authorized inspection concepts used for aircraft. These
concepts are periodic, phased, isochronal, and programmed depot maintenance.
Each of the inspections in these concepts will be accomplished in accordance
with the applicable -6 inspection requirement maintenance manual, or
inspection workcards.

1. Periodic Concept

:)3G

(a) Preflight (PR)
(b) End of Runway (EOR)
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(c) Thruflight (TH)
(d) Basic Postflight (BPO)
(e) Hourly Postflight (HPO)
(f) Periodic (PE)

2. Phased Concept

(a) PR

(b) EOR

(c) TH
(d) BPO

(e) Phase (PH)

3. Isochronal Concept

(a) PR
(b) EOR

(c) TH
(d) BP0

(e) Home Station Check (HSC)
(f) Minor (MIN)

(g) Major (MAJ)

4. Programmed De?ot Maintenance (PDM)

As you can see, the first four (a-d) inspections performed under each
concept are the same. (PR, EOR, TH, BPO) We will cover these four first,
then explain the HPO, PE, PH, HSC, MIN, MAJ and PDM. Get used to using
these abbreviations; they will be used quite frequently throughout your
AF career.

Preflight (PR)

The preflight inspection is due prior to the first flight of the flying
period.

Lets say the flying period begins at 0600 hrs. This is the time when
the pilots will begin wanting aircraft. The Base Operations Office
(Base Ops) lets maintenance control know ahead of time how many aircraft
will be needed for the next day's mission. Maintenance Control will then
distribute the total number equally between the flights and then let job
control distribute the work to the various flights. Each flight will have
crews for this called a "Preflight Crew." These crews usually come in to
work approximately two hours earlier than when the flying period begins.
(0400 hrs)

The preflight inspection includes visually examining the aircraft and
operationally checking certain systems and components to insure there is no
serious defects or malfunctions.

Major commands have the cption of selecting a 24, 48 or a 72 hour
preflight validity period. If the preflight validity period selected is
72 hours, and the aircraft does a mission, the preflight will be

110
Accomplished every 24 hours; but if the aircraft does not fly within the
'14 hour period, the preflight will be valid for 48 hours. After

11r4 5 . OSG
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48 hours have gone by and the aircraft still does not fly, a new preflight
is due. The aircraft can sit idle up to 72 hours before another PR has to
be done, regardless if it will fly or not.

End of Runway (EOR)

The EOR is a final visual and/or operational check of designated
aircraft systems and components. It will be performed immediately prior to
take off at a designated location, usually near the end of the runway. The

purpose of the inspection is to dete.:t critical defects which may have
developed or become apparent during ground operation of the aircraft. They
would check things like - tires for cuts; leakage from fluid systems in the
cracks of panels and doors, and making sure panels and doors are closed and
fastened; covers and pins are removed, etc.

Thruflight Inspection (TH)

The TH inspection is a between flights inspection and will be
accomplished between flights when an immediate turn around or sortie
(mission) will happen. The TH consists of checking the aircraft for flight
continuation by performing visual examinations or operational checks of
certain components, areas, or systems to assure that no defects exist which
would be dangerous to further flight. This inspection is the same as a pit
stop at the Indy 500. When a race car comes in for a pit stop, there are
only certain things done. CheAing tires, refueling, cleaning the
windshield, give the drivel a drink and get back on the track. The TH is
done basically the same way.

Basic Postflight (BPO) Inspection

The BPO is accomplished after the last flight of the flying period.
This inspection consists of checking the aircraft to see if it is suitable
for another flight by performing a visual examination or operational checks
of certain components, areas, or systems to be sure that no defects exist
which would be dangerous to flight. The BP0 is "a more thorough check than
the PR" or TH. The BP0 is done only when the aircraft is released by
Operations. This gives the specialists more time to repair discrepancies
that are found before the next flying period begins.

Periodic (PE) Inspection

The PE is due upon a specified number of flying hours. The PE is more
extensive than the HPO or BPO. This inspection is a thorough and searching
inspection of the entire aircraft.

Hourly Postflight (HP0) Inspection

The HPO will be done upon a specified number of flying hours. This
inspection adds to the BrO at the specified intervals. This means that they
may both be done at the ssme time provided they are both due at the same

time.
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Phased (PH) Inspection

The PH concept consolidates the BPO and/or HPO and PE into small
packages having approximately the same work content and man hours for
accomplishment. The primary objective is to minimize the length of time that
an aircraft is out-of-commission for any given scheduled inspection, and is
done at a specified number of flying hours.

Isochronal (ISO) Inspection Concept

The ISO Concept translates flying hours into calendar periods, usually
expressed in days. The PH, and PE are due after a specified number of
"flying hours." The followIng inspections, under this concept will be due
after a specified number of "calendar days," regardless of how many "hours"
the aircraft has actually flown.

Home Station Check (HSC) Inspection

The HSC consists of inspection requirements arranged and designated
for accomplishment when the aircraft returns from a long-range mission or
upon expiration of a specified short-term calendar period. This date will
be computed from the programmed start date of the last inspection. It is
accomplished along with MAJ or MIN Inspections, provided they are all due at
the same time.

Minor InspectioL (MIN)

The MIN is due upon a specified number of calendar days. This date
will be computed from the programmed start date of the last major
inspection. The MIN consists of checking certain components, areas, or
systems of the aircraft to determine if conditions exist which, if not
corrected, could resu' in failure or malfunction of a component prior to the
next scheduled inspection. The MIN is accomplished at the completion of the
mission during w.teh the specified calendar days accrued.

Major (MAJ) Inspection

The MAJ is due upon accrual of the number of calendar days. This date
is computed from the progreamed start date of the last MAJ inspection The
MAJ LI a thorough and searching inspection of the entire aircraft, and
individual requirements may be more extensive than previous inspection
items. The inspection consists primarily of checking certain components,
areas and systems of the aircraft, which due to their function requires less
attention than that required by other inspections. This inspection is
accomplished to determine if a condition exists which, if not corrected,
could result in the failure of a component o. cause system malfunction prior
to the next scheduled inspection. The MAJ is accomplished at the completion
of the mission during which the specified calendar day is accrued.

Programmed Depot Maintenance (PDM)

The PDM is an inspection requiring skills, equipment or facilities not

normally owned by the operating locations. Individual areas, components and
systems are inspected to a degree beyond the other inspection requirements.

).1)SO

39

417



Symbol Used During an Inspection

The symbol used on maintenance documents which identifies that an
inspection is due is the red dash. All discrepancies found during the
inspection will be entered in the AFTO Form 781A with the appropriate symbol
for that particular discrepancy, not the inspection symbol.

AFTO Forms

The AFTO Forms used during the inspections are the AFTO Forms:

349 to account for times spent performing the inspection, items
repaired or replaced and defect of these items.

350 to get parts repaired that are found to be defective.

781A to record maintenance performance on aircraft and to identify at a
glance the condition of the aircraft.

Phases of Inspection

There are two phases to each inspection. They are:

Look

Fix

When an inspection is due, you may receive a 349 that is similar to the
one shown in figure 10. In Block 26 it will describe the system that is due
the inspection, along with the type of inspection that is due. It will have
a Job Control Number entered in Block 1; the work center code responsible to
complete the inspection in Block 2; the aircraft I.D. Number entered in
Block 3. The entries in Blocks 7, 9, 17 and 18 are completed only when the
349 is to be used as a dispatch form. The priority (job importance) in
Block 7 tells the dispatcher what priority this particular job is. (The
higher (1, 2, 3, 4) the number in Block 7 the lower the priority.) Priority
ones (1's) will always be completed first; twos, second; and so forth. They
will put the location of the aircraft in Block 9. This tells your
dispatcher and/or supervisor what hangar or flight you will be working in.
Block 17, Time Specialists Required, tells you that you have an appointment
at that time to be at this aircraft with TOs and toolbox, and ready to begin
your part of the inspection. If for some reason the start time is delayed,
your dispatcher or supervisor will make the necessary arrangements with Job
or Maintenance Control to get a new start time. Whenever an inspection is
due the entire aircraft is inspected. The "scheduling specialists" allows
these specialists to go in, get the inspection done and away without
interferring with other specialists. The Job Standard in Block 18 is
"estimated" job completion time. Experience of specialists and availability
of equipment is not taken under consideration. It may or may not take this
amount of time. We have approximately two hours to complete oily the look
phase of this inspection.

The look phase is accomplished first in order to get the necessary
,'arts to repair the system. We never know what we will find wrong, if
,vphing. Just follow the -6WC (inspection requirement workcards,

: ...DSC
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applicable to the inspection being performed) step-by-step. The workcards
are used as a guide telling you what to inspect, and what to inspect it for.
(See fig 8) When you do find a discrepancy, complete the AFTO Form 349 as
required in figure 11. Put the discrepancy in Block 26, and job control
number, workcenter and aircraft I.D. number in Blocks 1, 2 and 3. Each
discrepancy gets a new 349. If you find 18 discrepancies, you will turn-in
18-349's to the crew or dock chief. Once you have completed all the steps
in the -6WC, give all the discrepancies you found to the crew or dock chief,
but keep the one that was issued to you by your dispatcher/supervisor,
figure 10. It will be completed as in figure 12, then return it and
yourself to your workcenter. The completed 349 for the look phase will be
given to your dispatcher/supervisor. NOTICE: Under Column G "units" you
took a zero '0'. This is because you never completed the inspection, you
only took time for the "Look Phase." You still have the fix phase open.
For an inspection, an aircraft may be down for days, or weeks. It depends
on manning, availability of new parts, etc. You will daily turn in the time
you spent on any job, or jobs, regardless if it was completed by you or not.
You must account for your time dai'y.

Now what happened to the 349s you gave to the dock/crew chief? Well,
since it is his/her aircraft, they will be responsible to order all the
parts needed to get the inspection complete. They order the parts, enter
the discrepancies in the AFTO Form 781A, Maintenance Discrepancy and Work
Document, (aircraft forms), then forward the 349s to Maintenance and Job
Control.

Maintenance/Job Control will make entries on the same 349 you started
during the look phase, as in figure 13. When the parts come into the
dock/crew chief, they will call control and let them know the job is now
open. Control will route the same 349 back to your shop. Now begins the fix
phase. This is where all the discrepancies found during the look phase are
repaired, and/or parts replaced on the malfunctioning systems, that you
found.

So far everything done on this inspection was done by you. What if the
fix phase for one of the discrepancies opens on the evening shift? Do
they wait for you to come back to work on the day shift? No, now anyone in
your shop could get involved. Always be sure your discrepancies are clear
and exactly what and where it is. This will avoid any confusion. (They may
call you at home to repair your own discrepancies, if they are too badly
written.) The 349 will then be completed as in figure 14, and returned to
your Dispatcher/Supervisor.

Due to the fact that the entire aircraft is due this inspection, the
only person who will know when all systems are A-OK, is the dock/crew
chief. After all symbols and discrepancies have been cleared on the
AFTO Form 781A, the dock/crew chief completes a new 349 as in figure 15.
Compare figure 10 with figure 13. Remember the Methods of Inspection, Dock
and Inplace? Since the crew/dock chief is assigned to the aircraft when the
inspection was due, Control had the aircraft taken to them. (They performed
the dock method.) Since they were not dispatched to the equipment,
Blocks 7, 9, 17 and 18 are left blank. You left your workcenter to
report to their workcenter (Blocks 2) to do work, so you had to be
dispatched see figure 13, Blocks 7, 9, 17 and 18). It is their (the
d,sck/crew chiefs) responsibility to see the inspection was completed, so

41

419



they take a "1" in column 'G' (units), while you take "0"; but you have all
the hours, while they get nothing. You get all the work and time, while
they get all the credit. It is just like a barracks inspection. You do all
the cleaning, while the Squadron Commander/or First Sgt gets all the credit.
(GOOD or BAD!) Just like preparing the barracks for the inspection, it
takes teamwork on everyone's part to get the job done. Remember, you can
fail barracks inspection and repeat it later, but when it comes to aircraft
inspections, there are lives on the line and them- is no second chance.
Follow our TOs, they are your guide so you don't forget to check and
repair. "The life you save may be mine!" Don't Forget!

i 15,1)SG
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1 : 1

Aircraft Environmental Systems Mechanic
Chanute AFB, Illinois

CODING AFTO FORMS 349 and 350

C3ABR42331 -HO -301

You will make use of the standard equipment reporting designators
on pages 3 through 12 when you complete block 3A of the AFTO Form 350.

On ,t,:e 14, you will find the category of lOoT codes that are
entered in column K of AFTO Form 349.

All of these codes have been taken from TO 00-20-2, The Maintenance
Data Collection System.

OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 250; DAV - 1

2
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nn0021

0076

T.O. 00-20-2

ATTACHMENT 2

PART I

Part I of Attachment 2 lists all ,,lid SRD requirements along with the appropriate ADS, TNS, part number, noun, etc

Part II of this attachment r sed in conjunction with Part I to determine MDC/MICAP reportability. A 'yes' in

the NDC column of Part II ind ..at the SRD will be used when reporting maintenance data. A no in the ADC column

indicates that the SRD of the end item or next higher assembly will be used to report maintenance data. A 'yes' in

the MICAS column indicates that the SRD is authorized for use in conjunction with supply requisition reporting and

a "no' indicates that it is not authorized.

NOTE

This list is not to be u ed for AVFUELS accountability. See Attachment 5, AFN 67-2, for codes.

A2-1. PURPOSE:. Standard equipment reporting

designator (SRD) codes, are designed to identify

aircraft, missiles, and ground

communications-electronics-meteorological (CEN)

equipment. These codes also identify related equipment

by type or category of work such as aerospace ground
equipment (AGE), precisioh measurement equipment

(PME), trainers, engines, munitions, real property

installed equipment (RPIE), and shop work.

a. The first character of the standard reporting

designator code identifies a general type of equipment,

such as 'A" for aircraft, 'A' for ground launched

missiles, 'T' for training equipment, etc. The last two

characters of the standard reporting designator code

identify specific equipment (when used with the prefix),

such as AEB for KC-1350, XKG for the TF33-7 used on the

C-141A, BKN for AN/GRR-7, etc.

b A limited number of standard reporting designator

codes cover groups of equipment of type work such as YWA

for conventional munitions or RSA for shop work on
aerospace equipment.

c. Standard reporting designator codes are used in
computer programs to facilitate data processing of

specific equipment identification of equipment for use

in automated management information systems and to

facilitate interchange of data between the supply and
maintenance system. The authorized abbreviation for

standard reporting designator code is SRD code.

A2-2. STANDARD REPORTING DESIGNATOR
CODES. This attachment provides an authoritative
list of standard reporting designator codes that is readily

available to each workcenter, and defines requirements

for recording these codes.

a. The first character (prefix) of the standard

reporting designator code is as follows:

Aircraft and Drones

Ground Radio Equipment (CEN)

Ground Radio Equipment (CEM)

Ground Radar Equipment (CEN)

A

e

C

3 429

(cont'd)

Ground Meteorological Equipment (CEM)

NOTE

For ground CEM equipment listed in ground

launched missile work unit code manuals, the

standard reporting designator co& which

identifies missile peculiar ACE will be used.

For example, standard reporting designator

code CNV would apply to ground CEN equipment

listed in the missile work unit code manual,

which is used in direct support of the LGN-30F.

Aerospace Ground Equipment (AGE)

Includes all powered and nonpowered AGE, ground CEM
equipment listed in missile work unit code manuals,

aircraft and missile peculiar AGE, and munitions

handling equipment.

Precision Measurement Equipment (PME)

Ground Special Electronics (CEM)

Ground Fixed Wire Equipment (CEN)

Miscellaneous Ground CEM

H

K

L

Includes locally purchased locally manufactured or

commercial equipment which is not supported by AFLC or

was not centrally procured. This standard reporting

designator code prefix will always be used when coding

from the 'Miscellaneous" ground CEN work unit code

manual. Authorized second and third characters (suffix)

of the standard reporting designator code for use with

this prefix code will be assigned and maintained by major

commands, and at their options, published as a major

command supplement to TO 00-20-2.

Ground Launched Missiles

Air Launched Missiles and Guided Weapons



T.O. 00-20-2

(cont'd

USAFSS Command Mission Equipment (CME)

Real Property Installed Equipment (*PIE),

Shop Work, ECM Pods Vehi.les, Gearboxes

and Nodules, Special Purposes Pods

AGE Gas Turbines, Auxiliary Power Units

Trainers, Mobile Training Sets (NT$) and

Resident Training Equipment (RTE)

COMSEC Equipment

LRU's

Engines

R

U

w

X

This standard reporting designator code prefix applies
to in-shop engine maintenance for all aircraft and
missile engines. The last two characters which
identifies the engine to a particular aircraft or
missile by mission, design and series will be used. For

example, in-shop work on a TF30.3 associated with the

F111A would be identified with SRD code XNV.

Munitions

NORAD Combat Operations Center (425L and 1

427M)

4391, 4691 and 4901 Systems 2

4921, 4931 Systems and AFICCS 3

4741, 4961 and Defense Support Program 4
Systems

4651 System and DCSCS 5

4661, 4971 Systems and DSSCS 6

4861 System 7

TACS (4071 and 48511, 4121 and 4871 Systems 8

4401 System 9

b. For equipment on which new codes have been
requested, the codes for nonlisted equipment in the
applicable equipment category can be used until the new
codes are published.

C. $10 codes for USAFI1S Commend Mission Equipment

(CNE1 and COM equipment are Jutlined in Air Force

publications. Use only first position $10 cede 0 and
last two positions from 1111-06 for CIE equipment. Use

first position SRD code U and last two positions from
AFKAN-$04( 1 for COMSEC equipment.

AIRCRAFT

ATTACK

NDS SAD ENGINE TNS SRD

A-7D AA2 TF41-1 XAA

YA-7D AAA TF41-1 X018

A-10A AA1 TF34.100 XAD

430



T.O. 00-20-2

(cont'd)

MDS SRD ENGINE TMS SRD

A-378 AAT J85-17 XAH

A-37B LTF AAR J85-17 XAJ

BOMBER

NDS SRD ENGINE TMS SRD

8-1 A82 F101-100 XBA

8.52C ABC J57-19 XBK

J57-29 X8l

J57-43 UM

N8-52C ABD J57-19 XBN

J57.29 XBP

J57.43 X80

B-52D AIN J57.19 XBR

J57-29 XBS

N8 -52D ABH J57-19 XBT

J57-29 XBU

B-52E ABE J57-43 XBV

NB -52E AB.) J57-43 XBX

8-52F ABF J57-43 XBY

B-52G ABG J57-43 XO1

B-52H ABP TF33-3 X;2

WO-57C A82 J65-5 X86

B-57E A83 J65-5 X87

EB-57E A85 J65-5 X88

W8-57F ABX TF33-11 X89

J60-9 XCA

WO-66D ABR J71-13 XCD

F8-111A ABI TF30-7 XCF

TF30.3 XCE

YFB111A AB8 TF30-7 XCG

SR-71A ABV JT11D-208 XCH

000021
0078 5 431



T.O. 00-20-2

(canted)

IDS SRD ENGINE TNS SRO

(J58)

0-7113 A84 JT1ID-208 XCJ

(J58)

CARGO

NOS SRD ENGINE TES SRO

C-SA AC2 TF39-1 XCK

C-SA LTF TF39-1 XCL

C-7A AC2 82000-7W2 XCN

C-9A ACN IF8 -9 XCR

C-I2 ALD NONE NONE

C-47A AEL 11830-92 XCV

C-470 AEG R1830-90 XCV

C-97G ACD 14360-59 XEA

C-118A AJC R2800.52 XEJ

C-121G AM R3350.93 XEV

EC -121T AEO 13380-113 XEY

C-1238 ACP 821100-20 XEZ

C-123K AC3 J85-17 XE4

12800-99 XIS

UC-'23K AC4 J85-17 XE8

R2800-99 XE9

C-130A ACF T56-9 XGE

AC-130A AC6 T56-9 XCF

DC-130A AEV T56-9 XGG

RC-130A AJO T66.9 XCJ

C-1308 ACR T56-7 XCK

WC-1308 AC9 TS6-7 XGL

C-1300 AJR T56.9 XCN

C-130E ACM T56-7 XON

TS6-15 XGO

6
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T.O. 00-20-2

(cont'd)

RDS SRD ENGINE IRS SRD

DC-130E AEM T56-7 XCP

EC-130E ALB 156.7 XH6

156-15 XN8

VC -130E AJS 156-7 XG0

RC-130E ALA 156-7 XH5

C-130H ACK 156-15 XGR

AC-130H AC8 T56.I5 XGS

DC-130H ACA 156-15 XGA

HC-130H AC7 T56-15 XGT

WC-130H AJT T56-15 XGU

HC-130N AJU 156-15 XGV

HC-130P AJV 156-15 XGW

C-130E APA 156-7 XPA

(Little Rock

Test)

C-131B ACT R2800-99 XGZ

R2800.103 XG1

C-131D AJX R2800-103 XG4

C-131H AKE T501-13 XPN

NC-131H AJ1 T501-13 XG7

C-135A ACv JS7-43 XJA

J57-59 XJB

EC-135A AED J57-59 XJC

KC-135A ACX J57-43 XJD

J57-59 XJE

KC-135A LTF ACI J57.43 XJG

J57-59 XJH

NKC-135A AJ3 J57-43 XJK

J57-59 XJL

NC-135A AJ4 J57-59 AJN

J57.43 XJV

RC-135A AJ5 J57-59 XJP

000021
0080 433



4.

T.O. 00-20=2

(contsd)

MOS SRO ENGINE TNS SRO

C-1358 AEF TF33-5 XJ0

WC-1358 AC5 TF33-5 XJS

C-135C AJ7 TF33-5 XJT

EC-135C AEE TF33-0 XJU

TF33-9 X1(0

RC-1350 AJ8 J57-50 XJW

EC-135G AJ9 J57-59 XJv

EC-135H AGA J57-43 XJV

EC-135J AG8 TF33-9 XJZ

EC-135K ALF J57-59 XJ1

J57-43 XH7

EC -135L AEH J57-59 XJ2

RC-135M AGO TF33-5 XJ3

EC-135N AEA J57-43 XJ4

EC-135P AGE J57-59 XJ5

KC-135Q AE8 J57-59 XJ6

KC-135R AGF J57-59 XJ7

RC-135S AGG TF33-5 XJ8

RC-135T AGH J57-59 XJ9

RC-135U AGJ TF33-9 XKA

RC-135V AGK TF33-9 X1(13

C-1408 AKC J60-5 `:PL

C-140A ACZ J60-5 XKE

VC-1418 AAG TF33-7 XUT

C-141A ACW TF3Z-7 XKG

C-141A (NASA) AEK TF33-7 XEK

NC-141A AGP TP33-7 XKH

ELECTRONIC

434



MDS SRD ENGINE PIS SRD

E-3A AE2 TF33-100 XKJ

E-4A AE5 F105-100 XKK

E-48 AAJ

FIGHTER

MDS SRD ENGINE IRS SRD

F-4C AFP J79-15 XFA

F-4C LTF AFY J79-15 XFB

RF-4C AFW J79-15 XFC

YRF-4C ANS J79-15 XFE

F-4D AFS J79-15 XFF

F-4D (FOL) ADX J79-15 XBB

F-4D LTF AF9 J79-15 XFG

F-4E AFT J79-17 XFH

YF-4E ANC J79-17 XFJ

F-4F AN2 J79-17 XFK

F-4C AN3 J79-17 XN3

F-5A AFX J85-13 XFL

F-58 AND J85-13 XFM

F-5E AFU J85-21 XFN

F-5E (LTF) AF1 J85-21 XF1

F-15A AFG F100-100 XFP

F-15A (LTF) ANA F100-100 XNA

F-158 ANE F100-100 XFQ

F-15C AAC F100-100 XCS

F-15D AAE F100-100 XCM

F-1018 AFF J57-55 XFZ

F-101F ANQ J57-55 XF5

F-102A AFJ J57-23 XF7

TF-102A ANS J57-23 XF9

F-5F AF2 J85-21 XN2

000021
0082
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T.O. 00-20-2

.

(cont'd)

MDS SRD ENGINE TNS SRD

F/RF4 Nap AF8 J79-15 Nap XF3

Countires Countries

F-16A AFA F100-100 XFR

F-16A IIOTE) AKA F100.100 XES

F-168 ANf F100-100 XN1

F-104G AFB J79-11 XNG

TF-104G AFL J79-11 XNH

F-1058 AFN J75-19 XNJ

F-1050 AFK J75-19 XNN

F-105F AFR J75-19 XNP

F-1050" AFD J75-19 XNQ

F-106A AFN J75-17 XNR

F-1068 ANY J75-17 XNT

NF-1068 ANT J75-17 XNU

F-111A AFV TF30-3 XWV

F-1110 AF5 TF30-9 XNX

F-111E AF6 TF30-3 XNY

TF30-4 XNW

-111F AF7 TF30-100 XNZ

EF-111A AEC TF30-3 XEC

HELICOPTER

NDS SRD ENGINE INS SRD

UH -1D AHA 153-13 XHA

TH-1F AH8 158-3 XHB

UH-1F AHF 158-3 XHC

HH-1H AWE 153-13 XHD

UH-1N ANY 1400-400 XHE

UH-1P AHC 158-3 XHF

CH-3B AMU T5$ -1 XHH

CH-3E AHM 158-5 XHM

10
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(cont'd)

MDS SRD ENGINE TM SRD

HH-3E AM) T58-5 XHP

HH-43F AHG T53-11 XHU

HH -53B AHW T64-3 MX

T64.7 XHY

CH-53C AH5 T64-7 XH1

HH-53C AH6 T64-7 XH3

HH-53H ALE T64-7 XKL

OBSERVATION

MDS SRD IRS SRD

0-2A AP4 10360-C CPC

10360-D XP!)

0 -2B APC 10360-C XPE

103604 XPF

TRAINER

MDS SRD ENGINE IRS SRD

T-33A ATC J33-35 XTU

NT-33A AT6 J33-35 XTX

T-378 ATE J69-25 XTZ

T-37B LTF ATK J69-25 XT1

T-38B AAV J85-5 XAL

-38A ATF J85-5 XT3

T-38A LTF ATT J85-5 XT4

NT-38A AT9 J85-5 XT5

CT-39A ARF J60-3 XUR

T-39A ATG J60-3 XT6

CT-39F ARG J60.3 XUS

NT-39A ARA J60-3 XT7

T-398 ARB J60-3 XT8

T-39F ARC J60-3 XT9

000021
0084
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00-26-2

UTAIry

(cont'd)

MDS SRD ENGINE TMS SRD

7-41A ATJ 0300-D XRA

T-41, ARE 10361,-D XRC

-43A ATR TF8-9 XRD

MDS SRD ENGINE TNS SRD

U-38 AUB 10470-D XUC

u-41 AUN GS0480-81A6 XUD

UV -188 ABB TT6A-27 x8r

OV-10A AU1 776-10 XUP

776-12 X4

U -2A APJ J75-13' XF'

438
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TO 00-2D-Z
RIPRODUCTION FOR ATC TRAINING USE ONLY. DO !OT USE ON THE 'OB.

ATTACHMENT 4

CATEGORY OF LABOR CODES

(ADE CA-760-XI)

A4.1. The following data codes are to be used for differentiating the
various typos of maintenance resources used to support the USAF equip-
ment maintenance program. These codes are mandetory for all units
under the Maintenance Data Collection System.

DATA ITEMS DATA CODES

Military, Regular Duty Hours 1

Military, Overtime Hours 2

Federal Service Employee-Regular Duty Hours 3

Federal Seryiv: Employee-Overtime Hours 4

Local. National Xsployee Hours
Contractor Labor Hours 6

A4-2. The applicable code will be entered in column K oi. al' AFTO
FORMS 349 as outlined in the 00-20-2-series technical orders.
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Environmental /Fneudraulics branch C3ABR42331-SG-301A
Chanute AFB, Illinois

INSPECTION SYSTEM

OBJECTIVE

State th general principles of the inspection system by answering a
minimum of 8 of 10 questions correctly.

INTRODUCTION

Well, soon you will be leaving Chanute AFB, Illinois, and going PCE to
another base, probably in another state. If you plan on driving your car,
you probably will not begin your trip without first preparing your car. This
preparation is like an inspection that is performed on an aircraft. The
only difference is, if you forget to check something on your car, before you
leave, and the component stops functioning properly, you can pull over to
get it repaired; but what does the pilot do if a system or component fails?

Inspections on aircraft are never ending, and none are more or less
important than the other.

Note: Remove all figures located in the back of this study guide at
this time.

Scheduled Maintenance Inspection

Scheduled :aaintenance inspections required for Air Force equipment are
prescribed in the applicable -6 scheduled inspection and maintenance requirements
manuals and inspection workcards (WC) or checklists (CL).

The scheduled maintenance imspecc!nn intervals for aircraft or support
systems, equipment end items and components are specified in the applicable
-6 scheduled inspection and maintenance manuals and -6WC inspection workcards.
All requirements pertaining to inspections will normally be accomplished in
numerical order to avoid complications in controlling and scheduling the
required maintenance. The time intervals specified for schedule maintenance
inspections such as calendar, and flying hours represent the maximum interval
between accomplishment of such requirements.

OPR: 3370 TCHTG

DIWRIBUTION: X

3370 TCHTG/TTGU-P - 300; DAV 1
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Review Questions

Complete the following statements in the spaces provided. If additional
space is required use notebook paper. The answers are located in the back of
this study guide.

1. All requirements pertaining to inspections will normally be
accomplished

2. Scheduled maintenance inspections required for AF equipment are
prescribed in

3- Time intervals specified for scheduled maintenance inspections
such as calendar or flying hours represent

442
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Workcards and Sequence Charts

Let's find out what "tools" (Inspection Control Documents) are used
during the performance of an inspection used by you and/or your supervisor.
These tools are located in TO 00-20-1.)

The planned inspection and maintenance concept provides a means of
performing required inspections and repairs on a scheduled and planned basis.
This planning and scheduling is required for phased, periodic and isochronal
(iso, means equal amounts; chronal is time, usually expressed in days or months)
inspections, and major maintenance on aircraft or support equipment to
effectively use the people assigned to your section. A degree of planning and
scheduling is also provided for by the use 4 inspection workcards and sequence
charts.

The inspection workcards, figure 1, outline the minimum inspection
requirements. They are used as a guide, and tell you what to inspect, and
c.-at to inspect it for. The inspection workcards will be a very important
tool that you will use 1 order to complete an inspection properly, and
effectively in a minimum amount of time. They are published under the authority
of the Secretary of the Air Force, and each -6 inspection requirement TO, and
-6WC inspection requirement inspection has its own set of workcards, with a
separate TO number assigned for each set (-6, end -6WC = 1 set).

The sequence chart, figure 2, is used by your supervisor in order to control
the inspection. The sequence chart is used as a guide in preparing the actual
work schedules. They also serve as a means of controlling the assignment of work
curing the inspection, and are a ready reference for determining the progress of
the inspection. To aid tie supervisor is making work assignments, the inspection
workcard numbers may be plotted on the sequence chart to provide the desired work
schedule or sequence in which all predictable or routine maintenance can be most
effectively accomplished. The use of the workcards and sequence charts, will
permit the work of each individual to be planned for uninterrupted job completion.
This will assure the planned use of personnel, early detection of discrepancies,
and more accurr.te planning for the accomplishment of the required repair work.

Review Questions

Complete the following statements using the information above.

1. The use of workcards and sequence charts will permit

2. The sequence chart is used as

3. The inspection workcards outline the

4. The planned inspection and maintenance concept provides a means

4
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Inspection Methods

Inspections on aircraft, or support equipment, will normally be
accomplished under a "specialists" maintenance concept, which means each
system specialist will perform their portion of the inspection. This will
consist of an inplare method inspectiou, or the duck method of inspection.
The inspection crews will be supported by the specialists provided on
dispatch forms (AFTO Form 349) from the various shops as scheduled.

The inplace method is used when maintenance ana oper.,tional
requirements say that the inspection and maintenance must be performed
at the aircraft location. In other words, you go to the aircraft.

The dock method is used when maintenance and operational requirements
say the aircraft be moved to a fixed station or site for accomplishment.
Required maintenance crews may be permanently assigned to such stations or
sites. Each "inspection dock" will be equipped with the necessary tools
and equipment to accomplish the required inspection and maintenance. In this
method of inspection the aircraft is brought to you.

Review Questions

Answer the following questions using the information above.

1. When will the INPLACE method of inspection be used?

2. When will the DOCK method of inspection be used:
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Inspection Concepts

There are four authorized inspection concepts used for aircraft. These
concepts are periodic, phased, isochronal, and programmed depot maintenance.
Each of the inspections in these concepts will be accomplished in accordance
with the applicable -6 inspection requirement maintenance manual, or
inspection work cards.

1. Periodic Concept

a. Preflight (PR)

b. End of Runway (EOR)

c. Thruflight (TH)

d. Basic Postflight (BP())

e. Hourly Postflight (HPO)

f. Periodic (PE)

2. Phased Concept

a. PR

b. EOR

c. TH

d. BPO

e. Phase (PH)

3. Isochronal Concept

a. PR

b. EOR

c. TH

d. BPO

e. Home Station Check (HSC)

f. Minor (MIN)

g. Major (MAJ)

4. Programmed Depot Maintenance (PDM)

As you can see, the first four (a-d) inspections performed under each
concept are the same. (PR, EOR, TH, BPO). We will cover these four first,
then explain the HPO, PE, PH, HSC, MIN, MAJ and PDM. Get used to using these
abbreviations; they will be used quite frequently throughout your AF career.

Preflight (PR)

The preflight inspection is due prior to the first flight of the flying
period.

Let's say the flying period begins at 0600 hours. This is the time when
the pilots will begin wanting aircraft. The Base Operations Office (Base Ops)
lets maintenance control know ahead of time how many aircraft will be needed
for the next days mission. Maintenance Control will then distribute the
total number equally between the flights and then let job control distribute
the woe( to the various flights. Each flight will have crews for this called
a "Preflight Crew." These crews usually come in to work approximately two
hours earlier than when the flying period begins, (0400 hours).

6
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The preflight inspection includes visually examining the aircraft and
operationally checking certain systems and components to insure there is no
serious defects or malfunctions.

Major commands have the option of selecting a 24, 48 or a 72 hour preflight
validity pc-iod. If the preflight validity period selected is 72 hours, and
the aircraft does Sl.z. a mission, the preflight will be accomplished every 24
hours; but if the aircraft does not fly within the 24 hour period, the
preflight will be valid for 48 hours. After 48 hours have gone by and the
aircraft still does not fly, a new preflight is due. The aircraft can sit idle
up to 72 hours before another PR has to be done, regardless if it will fly
or not.

End of Runway (E0R)

The FOR is a final visual and/or operational check of designated aircraft
systems and components. It will be performed immediately prior to takeoff
at a designated location, usually near the end of the runway. The purpose of
the inspection is to detect critical defects which may have developed or
become apparent during ground operation of the aircraft.. They would check
things like - tires for cuts; leakage from fluid svctems in the cracks of
panels and doors, and making sure panels and doors are closed and fastened;
covers and pins are removed, etc.

Thruflight Inspection (TH)

The TH inspection is a between flights inspection and will be accomplished
between flights when an immediate turn around or sortie (mission) will happen.
The TH consists of checking the aircraft for flight continuation by performing
visual examinations or operational checks of certain components, areas, or
systems to assure that no defects exist which would be dangerous to further
flight. This inspection is.the same as a Pitt stop at the Indy 5C0. When
a race car comes in for a pitt stop, there are only certain things done.
Checking tires, refueling, cleaning the windshield, give the driver a drink
and get back on the track. The TH is done basically the same way.

Basic Postflight (BPO) Inspection

The BP0 is accomplished after the last flight of the flying period.
This inspection consists of checking the aircraft to see if it is suitable for
another flight by performing a visual examination or operational checks of
certain components, areas, or systems to be sure that no defects exist which
would be dangerous to flight. The BPO is more thorough check than the PR"
of TH. The BPO is done only when the aircraft is released by Operations.
This gives the specialists more time to repair discrepancies that are found
betore the next flying period begins.

Periodic (PE) Inspection

The PE is due upon a specified number of flying hours. The PE is more
extensive than the HPO or BPO. This inspection is a thorough and bearchlng
inspection of the entire aircraft.
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Hourly Postflight (HP0) Inspection

The HPO will be done upon a specified number of flying hours. This
inspection adds to the BP0 at the specified intervals. This means that they
may both be done at the same time provided they are both due at the same time.

Phased (PH) Inspection

The PH concept consolidates the BP0 and/or HPO and PE into small packages
having approximately the same work content and manhours for accomplishment.
The primary objective is to minimize the length of time that an aircraft is
out-of-commission for any given scheduled inspection, and is done at a specified
number of flying hours.

Isochronal (ISO) Inspection Concept

The ISO Concept translates flying hours into calendar periods, usually
expressed in days. The PH, and PE are due after a specified number of
"flying hours." The following inspections, under this concept will be due
after a specified number of "calendar days", regardless of how many "hours"
the aircraft has actually flown.

Home Station Check (HSC) Inspection

The HSC consists of inspection requirements arranged and designated for
accomplishment when the aircraft returns from a long-range mission or upon
expiration of a specified short-term calendar period. This date will be
computed from the programmed start date of the last inspection. It is
accomplished along with MAJ or MIN Inspections, provided they are all due at
the same time.

Minor Inspection (MIN)

The MIN is due upon a specified number of calendar days. This date
will be computed from the pro,:ammed start date of the last major inspection.
The MIN consists of checking certain components, areas, or systems of the
aircraft to determine if conditions exist which, if of corrected, could
result in failure or malfunction of a component prior to the next s^heduled
inspection. The MIN is accomplished at the completion of the mission during
which the specified calendar days accrued.

Major (MAJ) Inspection

The MAJ is due upon accrual of the number of calendar days. This

date is computed from the programmed start datt of the last MAJ inspection.
The MAJ is a thorough and searching inspection of the entire aircraft, and
individual requirements may be more extensive than previous inspection
items. The inspection consists primarily of checking certain components,
areas and systems of the aircraft, which due to their function requires
less attention than that required by other inspections. This inspection
is accomplished to Latermine if a condition exists which% if not corrected,
could result in the failure of a component or cause system malfunction
prior to the next scheduled inspection. The MAJ is accomplished at the
completion of the mission during which the specified calendar day is accrued.

Programmed Depot Maintenance (PDM)

The PDM is an inspection requiring skills, equipment or facilities
not normally owned by the opc.rating locations. Individual areas, components
and systems are inspected to a degree beyond the other inspection requirements.
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Review Questions

Answer the following questions or complete the statements using the
information provided on pages 6, 7, 8.

1. The four basic inspection concepts are?

a.

b.

c.

d.

2. The preflight inspection will be due prior to

3. When will the FOR be performed?

4. The aircraft lands and an immediate turnaround or'sortie (mission)
will happen. What inspection is due on the aircraft?

5. When will the BP0 be accomplished?

6. What is the purpose of performing a BPO and then performing a PR?

7. When is the PE inspection due?

8. the abbreviation HPO identifies which inspection?

9. The HPO adds to which other inspection (provided they are both due
at the same time)?

10- What is the difference between the ISO Concept and the PE/PH Concept?

11. Which inspections aLe due on aircraft everyday, and before each
take-off or landing?

12. Which inspections are due after a specified number of flying hours?

13. Which inspections are due upon a specified number of calendar days
or calendar period?

9
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Symbol Used During an Inspection

The symbol used on maintenance documents which identifies that an
inspection is due is the red dash. All discrepancies found during the
inspection will be entered in the AFTO Form 781A with the appropriate symbol
for that particular discrepancy, not the inspection symbol.

AFTO Forms:

The AFTO Forms used during the inspections are the AFTO Forms:

349 to account for times spent performing the inspection,
it s repaired or replaced and defect of these items.

350 to get parts repaired that are found to be defective.

781A to record maintenance performance on aircraft and to identify
at a glance the condition of the aircraft.

Phases of Inspection

There are two phases to each inspection. They are:

o Look

o Fix

When au inspection is due, you may receive a 349 that is similar to the
one shown in figure 3. In Block 26 it will describe the system that is due the
inspection, along with Lhe type of inspection that is due. It will have a Job
Control Number entered in Block 1; the work center code responsible to complete
the inspection in Blcck 2; the aircraft ID Number entered in Block 3. The
entries in Blocks 7, 9, 17 and 18 are completed only when the 349 iF to be used
as a dispatch form. The priority (job importance) in Block 7 tells the dispatcher
what priority this particular job is. (The higher (1, 2, 3, 4) the number in
Block 7 the lower the priority.) Priority ones (1's) will aliwzys be completed
first; twos, second; and so forth. They will put the location of the aircraft
in Block 9. This tells your dispatcher and/or supervisor what hangar or
flight ,ou will be working in. Block 17, Time Specialists Required, tells
you that you have an appointment at that time to be at this aircraft with
TOs and toolbox, and ready to begin your part of the inspection. If for
some reason the start time is delayed, your dispatcher or supervisor will
make the necessary arrangements with Job or Maintenance Control to get a
new start time. Whenever an inspection is due the entire aircraft is
inspected. The "scheduling specialists" allows these specialists to go in,
get the inspection done and away without interferring with other specialists.
The Job Standard in Block 18 is "estimated" job completion time. Experience
of specialists and availability of equipment is not taken under consideration.
It may or may not take this 'amount of time. We have approximately two hours
to complete only the look phase of this inspection. The look phase is
accomplished first in order to get the necessary parts to repair the system.
We never know what we will find wrong, if anything. Just follow the 6WC
(inspection requirement work cards, applicable to the inspection being
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performed) step-by-step. The workcards are used as a guide telling you
what to inspect, and what to inspect it for. (See figure 1.) When you do
find a discrepancy, complete the AFTO Form 349 as required in figure 4.
Put the discrepancy in Block 26, and job control number, workcenter and
aircraft ID number in Blocks 1, 2 and 3. Each discrepancy gets a new 349.
If you find 18 discrepancies, you will turn in 18 349 s to the crew or
dock chief. Once you have completed all the steps in the -6WC, give all the
discrepancies you found to the crew or dock chief, but keep the one that
was issued to you by your dispatcher/supervisor, figure 3. It will be
completed as in figure 5, then return it and yourself to your workcenter.
The completed 349 for the look phase will be given to your dispatcher/
supervisor. NOTICE: Under Column G "units" you took a zero '0'. This is
because you never completed the inspection, you only took time for the
"Look Phase." You still have the fix phase open. For an inspection, an
aircraft may be down for days, or weeks. It depends on manning, availability
of new parts, etc. You will daily turn in the time you spent on any job,
or jobF, regardless if it was completed by you or not. You must account
for your time daily.

Now what happens to the 349s you gave to the dock/crew chief? Well,
since it is his/her aircraft, they will be responsible to order all the parts
needed to get the inspection complete. Th-17 order the parts, enter the
discrepancies in the AFTO Form 781A, Maintenance Discrepancy and Work Document,
(aircraft forms), then forward the 349s to Maintenance and Job Control.

Maintenance/Job Control will make entries on the same 349 you started
during the look phase, as in figure 6. When the parts come into the dock/crew
chief, they will call control and let them know the job is now open. Control
will route the same 349 back to your shop. Now begin the fix phase. This is
where all the discrepancies found during the look phase are repaired and/or
parts replaced on the malfunctioning system , that you found.

So far everything done on this inspection was done by you. What if the
fix phase for one of the discrepancies opens on the evening shift? Do they
wait for you to come back to work on the day shift? No, now anyone in your
shop could get involved. Always be sure your discrepancies are clear and
exactly what and where it is. This will avoid any confusion. (They may call
you at home to repair your own discrepancies, if they are too badly written.)
The 349 will then be completed as in figure 7 and returned to your Dispatcher/
Supervisor.

Due to the fact that the entire aircraft is due this inspection, the
only person who will know when all systems are A-OK, is the dock/crew chief.
After all symbols and discrepancies have been cleared on the AFTO Form 781A,
the dock/crew chief completes a new 349 as in figure 8. Compare figure 5
with U.gure 6. Remember the Methods of Inspection, Dock and Inplace? Since
the crew /dock chief is assigned to the aircraft when the inspection was
due, Control had the aircraft taken to them. (They performed the dock
method.) Since they were not dispatched to the equipment, Blocks 7, 9, 17
and 18 are loft blank. You left your workcenter to report to their workcenter
(Blocks 2) to io work, so you had to be dispatched (see figure 6, Blocks 7, 9
17 and 18). It is their (the dock/crew chiefs) responsibility to see the

11
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inspection was completed, so they take a "1" in column 'G' (units),
while you take "0"; but you have all the hours, while they get nothing.
You get all the work and time, while they get all the credit. It is just
like a barracks inspection. You do all the cleaning, while the Squadron
Commander/or first Sgt gets all the credit. (GOOD or BAD!) Just like
preparing the barrack° for the inspection, it takes teamwork on everyone's
part to get the job done. Remember, you can fail barracks inspection
and repeat it later, but when it comes to aircraft inspeCtions, there
are lives on the line and there is no second chance. Follow your TOs,
they are your guide so you don't forget to check and repair. "The life
you save may be mine!" Don't Forget!

Review Questions

Answer the fnllowing questions, using the information provided on
pages 10, 11, and 1.2.

1. What symbol identifies that an inspection is due:

2. If you enter a discrepancy on the AFTO Form 781a, that was
discovered during an inspection, would you use the red dash symbol?

3. What AFTO Form identifies the maintenance perforwed on the
aircraft, and identifies at a glance the condition of the aircraft?

4. What AFTO Form is used to account for the time spent performing
the inspection?

5. What are the two phases to each inspection?
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Answers to Review Questions on Page 3.

1. in numerical order t: avoia complications in controlling and
scheduling the required maintenance.

2. the applicable -6 scheduled inspection and maintenance requirements
and Inspec~ion Workcard (WO or Checklists (CL).

3. the maximum .ervai between accomplishment of such requirements.

Answers to Review Questions on Page 4.

1. the work of each individual to be planned for uninterrupted job
completion.

2. a guide in preparing the actual work schedules.

3. minimum inspection requirements.

4. perfcialing required inspection and repairs on a scheduled and planned
basis.

Answers to Review Questions on Page 5.

1. When maintenance and operational requirement: say that the inspection
and maintenance requirements must be performed at the aircraft location.

2. When the aircraft is to be moved to a fixed station or site.

Answers to Review Questions Page 9.

1. a. Periodic
b. Phased
c. Isochronal
d. Programmed Depot Maintenance

2. The first flight of the f'.ying period.

3. It will be per,:ormed immediately prior to takeoff at a designated
location, usually near the end of the runway.

4. Thruflight (TH) inspection.

5. After the last flight of the flying period, and only when the aircraft
is released by operations.

6. Because the BPO is a more thorough inspection than the PR, and it (BPO)
gives the specialists more time to repair discrepancies that are found
before the next flying period begils. (The PR insures the discrepancies
have been repaired and no otner malfunctions exist.)
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7. Upon a specified number of flying houi:s.

8. Hourl! Postflight inspection.

9. BPO, Basic Postflight inspection.

10. The ISO translates flying hours (PH/PE) into calendar periods,
regardless of how many hours the aircraft has actually flown.

13. Preflight, End of Runway, Thruflight, Basic Postflight inspections.

12. Hourly Postflight, Periodic, Phased inspections.

13. dome Station Check, Minor, and Major inspections.

Answers to Review Questions on Page 12.

1. The red dash.

2. No. Enter the api,ropriat. c symbol fut that particular discrepancy.

3. 781A

4. 349

5. Look/Fix
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Remove fuselage aft section in accordance with TO 1T-38A-2-2
(as required).

Clean engine bays in accordance with TO 1T-38A-3 (if engines
are removed).

A. Fuselage

B. Fuselage aft section
Throttle quadrant. To ensure self locking nut (P/N MS21042L3)
has adequate number of threads protruding thru nut (Ref
TO 1-1A-8) replace nut if self locking feature has failed.
Fuselage aft section reinstalled on aircraft after engine
removal (required for system operation).
Remove engine in accordance with TO 1T-38A-2-6 (as requirea).
Oxygen hose from regulator to disconnect for wear and security.
Leak check with tester in accordance with TO 15X-1-1.
Oxygen regulator for leakage using leakage tester in accordance
with TO 15X-1-1. Regulator for operation (if regulator has
test ports. Test using tester 31TA2655-2) in all lever
positions in accordance with TO 1T-38A-2-4. Components for
security. Oxygen diluter lever 100% oxygen. Oxygen regulator
supply lever safetied in on position with copper breakaway wire
(if installed)

WORK ARCMS)

15
TIP( NECK ROO NECK NO.

APG /AECS
CARD TIME

4:37
PUBLICATION NUMBER AND DATE

1T -38A-5WC -3 1 MAY 1982

Figure 1. Inspection Workcard.
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b.

MAINTENANCE DATA COLLECTION RECORD on NO.
21-110227

I. XIS CONTROL NO.

2190016

2. WORKCENTER

Q3360

3. I. "^. /SERIAL NO.

AA0557
4. MDS S. SRO i 6. TIME 7 II

3

S. SORTIE NO. IL IODATION

P -12A
10. ENS TIME 11. ENGINE I.D. 12 INST ENG TIME 13 INST. ENG. 1.0. 14. 15. 16. 17. TINE sec In

0930
IS. MB STD.

2.0
II. FOC 20. PART NUTMEG 21. SER. NO /OPER. TIME 22 TAG NO. 23. INST. ITEM PART NO. SERIAL NUMBER OPER. TIME

l
*-:

A

TYPE
MAINT

S

COMP
POS

C

WORK UNIT CODE

0

ACTION
TAKEN

E

WHEN
DISC

F

NOW MAt

$

UNITS

N

START
HOUR

I

STOP

DAY HOUR

1

CREW
SIZE

K

CAT
LAB

L

CMD
ACT ID

M

SCH
CODE

N

AFSC/EMPLOYEE
NUMSER

1

2

3

4

5

MI DISCREPANCY

OXYGEN SYSTEM DUE 2ND PERIODIC INSPECTION

27. CORRECTIVE ACTION

n. WOODS ACTION L....
AFrri FORM

JAN SI 349 PREVIOUS EDITION WILL RE USED VS loritIMIINT 14.71.0 °MCI +On

Figure 3

MAINTENANCE DAL COLLECTION RECORD OMB NO.
21410227

1. MS CONTROL NO

2190016
2. WORKCENTER

Q3360
3. IA NO./SERIAL NO.

AA0557
. NOS S. Sim O. TIME 7. PRI /1S. SORTIE 0. 11. LOCATION

10. ENG. TIME 11. ENGINE I.D. 12. INST ENG TIME 13. INST. ENO. 1.0. 14. 15. Ili. T

L
17. TINE spc ono IS. 1011 STD.

IS. TIC 20. PART NUMBER 21. SER, 110./OPER. TIME 22 TAG NO. 23. INST. ITEM PART NO. 24. SERIAL NUMBER 25. OPER. TIME

ig A

TYPE
MAINT

a

COMP
POS

C

WORK UNIT CODE

0

ACTION
TAKEN

E

WHEN
DISC

F

NOW MAt

II

UNITS

N

START
HOUR

I

STOP

DAY HOUR

1

CREW
SIZE

K

CAT
LAO

1.

CIAO
ACT ID

IA

SCH
CODE

N

AFSC/EM`LOYEE
NUMSER

1

4.___..,

2

3

4

5
2$ DISCREPANCY

OXYGEN REGULATOR DILUTER LEVER BROKEN (FRONT COCKPIT)

27. CORRECTIVE ACTION

II
in RECORDS ACTION

AFTO "RMJA 349N SI PREVIOUS EDITION WILL SE USED .. ,.....

Figure 4

1/

...I.WONIWMIIIOI
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MAINTENANCE DATA COLLECTION RECORD on NO.
2140227

I. 10e CONTROL NO.

2190016

2. WORKCENTER

Q3360

3. I.D. NO. /SERIAL. NO,

AA0557

4. MDS S. SRO 6. TIME 7. PRI

3

S. SORTIE NO. 9. LOCATIUN

P -12A

10. ENG. TIME 11. ENGINE 10. 12 INST ENG TIME 13. INST. ENG. I.D. 14. 1S. 16. 17. 'roma src ere

0930
III JOS STD.

2.0

19. MC 20 PART NUMBER 21. SEN. NO /OPEN. TIME 22. TAG NO. 23. INST. ITEM PART NO, 24. SERIAL NUMBER 2S OPER. TIME

V A

TYPE
MAINT

II

COMP
POS

C

WORK UNIT CODE

II

ACT ION
TAKEN

E

WHEN
DISC

9

NOW MAL

II

UNITS

N

START
HOUR

I

STOP

DAY Now

1

CREW
SIZE

K

CAT
LAB

L.

CMD
ACT ID

M

SCR
CODE

N

MSC/ EMPLOY EE
NUMBER

P 03400 0 0930 219 1130 1 1 B1663

2

3

4

5

N. DISCREPANCY

OXYGEN SYSTEM DUE 2ND PERIODIC INSPECTION

27. CONNECTIVE ACTION

LOOK PHASE OF 2ND PERIODIC INSPECTION CW LAW TO 1T -38A-6WC -3

1

n. RECORDS ACTION

AFTO 349 PREVIOUS EDITION WILL II USED US WWWWWIN0 PRPOING OPP62. /
Figure 5

MAINTENANCE DATA COLLECTION RECORD OMB NO.

21-110227

I. 10111 CONTROL NO.

2190016

2. WORKCENTER

Q3360

3. I.D. NO./SERIAL NO.

AA0557

4. MOS S. SRD IL TIME 7. MI

3

S. SORTIE NO. 6. LOCATION

P -12A

10. ENG. TIME EI. ENGINE I D. 12 INST ENG TIME 13. INST. ENG. 1.11 14. 15 17. Time 5PC IMO

2045
IS. 10111 SM.

1.0

19 MC 20. PINT NUMBER 21. M. Noicn. TIME n. TAG NO. n. INST. ITEM PANT NO. 24. SEWAL NUMBER 25. OPER. TIME

z A

TIPt
mAiNT I

II

COMP
POS

C

WORK UNIT CODE

D

ACTION
TAKEN

E

WHEN
DISC

F

NOW MAL

II

UNITS

N

START
NOUN

I

DAY

STOP

HOUR

1

CREW
SIZE

K

CAT
LAB

I.

CIAO
ACT ID

M

SCH
CODE

N

MSC/EMPLOYEE
NUMBER

i.7.

1

2

3

5

26 DISCREPANCY

OXYGEN REGULATOR DILUTER LEVER BROKEN (FRONT COCKPIT)

27. CORRECTIVE ACTION

LII RECORDS ACTION

AF70 JA' 349N SI
PREVIOUS 191,1011 WILL SE USED uSUOMMWSWMICWOOMAft,

Figure 6
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MAINTENANCE DATA COLLECTION RECORD
OMR NO.

2140227

1. SOS CONTROL NO.

1190016
2. WORKCENTER

Q3360 l

3. 1.0. NO./SERIAL NO. 4. MOS

AA0557
S. sot CI S. TIME 7. PRI

3

1. SORTIE NO. 11. LOCATION

P -12A

WENS. TIME 11. ENGINE 1.0. 12. INST ENG TIME 13. INST. ENG. 1.0. 14. 1. 1 . 17. tire spc pro

2045

N. SOS STD.

1.0

111. ESC 20. PART NUMSIN 21. KR NO./OPER. TIME 22. TAG NO 23. INST. ITEM PART NO. 24. SERIAL NUM11111 25. OPER. TIME

V

I-:

A

TYPE
MAINT

S

COMP
POS

C

WORK UNIT CODE

0
ACTION
TAKEN

1

WHEN
DISC

F

HOW MM.

II

UNITS

N

START
HOUR

1

STOP

DAY Noun

7

CREW
SIZE

K

CAT
LAB

L

CM0
ACT 10

M

SCH
CODE

N

AFSC/EMPLOYEE
NUMBER

I P 47115 R M 070 1 2045 219 2140 1 1 D0323

2

3

4

5

I-

20 DISCREPANCY

OXYGEN REGULATOR DILUTER LEVER BROKEN (FRONT COCKPIT)

27. 001RECT:YE ACTION

REMOVED AND REPLACED OXYGEN REGULATOR IAW TO 1T-38A-2-4
211. RECORDS ACTION

nO JFAONR:i 349
PREVIOUS 1041011 WILL III USED. us 401/111INIONT PIWIT1180 0/4401 11111

Figure 7

MAINTENANCE DATA COLLECTION RECORD OTISNO.

2140127

1. XIS CONTROL NO. 12. WORKCENTER

2190016 I A1407

3. 1.0. NO. /SERIAL NO.

l AA0557

4. MOS IS. SRO S. TIME 7. MI S. SORTIE NO. IL LOCATION

10. ENO. TIME 11. ENGINE I.D. 12. INST ENO TIME 13. INST. ENG. 1.0. 14. 1S. 15. 17. Tort sPe eta IS. JOS STD.

IS. ESC 20. PART NUMBER 21. SER. NO./OPEN. TIME 22. TAG NO. 23. INST. ITEM PART NO. 24. SERIAL NUMBER OPER. TIME

'
I-:

A

TYPE
MAIhT

S

COMP
POS

C

WORK UNIT CODE

0

ACTION
TAKEN

1

WHEN
DISC

F

HOW MAL

II

UNITS

N

START
HOUR

1

STOP

DAY HOUR

7

CREW
SIZE

K

CA
LAS

I.

CND
ACT 10

M

XII
CODE

N

AFSC/EMPLOYEE
NUMBER

I P 03400 1 0000 000 0000 1 1 R1208

2

3

4

5

It DISCREPANCY

AIRCRAFT DUE 2ND PERIODIC INSPECTION
27. CORRECTIVE ACTION

WRCRAFT 2ND PERIODIC INSPECTION CW IAW TO 1T-38A-6

211. RECORDS ACTIC

AFTO "" 349JAN II
PREVIOUS EDITION WILL St USED. NOusissmINTMIT** 001,101 III. .1.

Figure 8
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Aircraft Environmental Systems Branch SERVICE TEST
Chanute AFB, Illinois

C3ABR42331-PT-301B

MAINTENANCE SYSTEM

OBJECTIVE

State general principles of the maintenance system by answering a
minimum of 8 of 10 questions correctly.

INTRODUCTION

A good Air Force does not just happen by accident. It is the result of
a lot of people working together for a common goal. In this programmed
text, we will discuss some of these people and what their jobs ar -bout.
The people we are most concerned about, because we are mechanics a those
WIG work in the areas of maintenance. The two main goals in the areas of
maintenance should be as follows:

Keep Air Force equipment serviceable.

Keep it safe to use.

Now, let us begin car adventure into the " MAINTENANCE SYSTEM."

The Maintenance System is broken down into four areas. They are as
follows:

Levels of Maintenance

Maintenance Squadrons

Types of Maintenance

Maintenance Symbols and Tieir Use

We will begin our studies with the Levels of Maintenance.

OPR: 3370 TCHTG
7ISTRIBUTION: X

3370 TCHTG/TTGU-P - 250; DAV - 1
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LEVELS OF MAINTENANCE

Organizational Maintenance

FRAME 1

Organizational Maintenance is limited in scope. This level of maintenance
includes routine inspections, replacement of some components, minor structural
repairs, and servicing with fuel, oil, etc. Organizrtional Maintenance may
also do technical order modification that can be done with the facilities that
are at the organizational level.

It is of the utmost importance that technicians at the organizational
level discover any of the indications of equipment failure soon enough to
prevent a major component failure. Failure to discover these indications
would result in an increase in th workload of the other levels of maintenance.
This may result in a disruption of the maintenance schedules, not to mention
an in-flight failure with the possibility of a loss of life and/or equipment.

/////////11/1//1//111/1/1/1/1/

NO RESPONSE REQUIRED

Notes:



FRAME 2

Intermediate Maintenance

Closely supporting the organizational level of maintenance is the
Intermediate Level of Maintenance. Personnel in the Field Maintenance
activity, usually a field maintenance squadron (FMS), performs maintenance
at the intermediate level. The FMS usually has a high concentration of
skilled specialists and has the most costly equipment in the maintenance
organization. You will find such shops as engines, fuel systems,
electrical, pneudraulics, and environmental systems, just to name a few,
at this level. The actual number will depend on the size of the organization
and the mission, in other words--NEED! If the DCM decides that there is a
need for a shop, then the organization will make the necessary provisions
for it.

The support that is provided by this level of maintenance consists of
furnishing specialist assistance at organizational line maintenance, doing
bench checks of equipment, and maintenance repair that is beyond the capacity
of the organizational unit. When the capabilities of the maintenance activity
at the intermediate level are exceeded, the problem becomes a matter for depot
level maintenance.

Notes:

//////////////////////////////

NO RESPONSE REQUIRED

4
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FRAME 3

Depot Maintenance

This is the highest level of maintenance and requires extensive equipment
to do major repair and overhaul. The chief function of the depot is the
performance of MAJOR modifications on the aircraft and all of the aircraft
components. All systems are "inspected and repaired as necessary." Depots
also supply the spare parts for Aerospace Ground Equipment (AGE), as well
as Technical Order Compliance Kits (TOC) to the Organizational and Field
Maintenance units through the normal supply channels.

Depot Maintenance is usually done at specifically designated bases in
the United States and in some overseas areas.

Notes:

////////////////////////!/////

NO RESPONSE REQUIRED

5
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Review Questions

Directions:

Using information from Frames 1, 2, and 3, fill in the blanks with
the correct answers.

SET 1

1. What are the three levels of maintenance?

a.

b.

c.

2. The level of maintenance that is limited in scope is the
level of maintenance.

3. dio has the responsibility to discover indications of equipment failure,

to prevent a major component failure?

4. The shops you will find in the Intermediate level of maintenance are

a.

b.

c.

d.

e.

S. The highest level of maintenance is the level of
maintenance.

4665



MAINTENANCE SQUADRONS

AFR 66-1 and' '6-5

Now let us take a look at the um., --= .; the actual maintenance on
the flightline. nese consist of the followimg, for AFR 66-1:

rganizational Maintenance Squadron (OMS)

Field Maintenance Squadron (FMS)

Munitions Squadron (MS)

Avionics Maintenance Squadron (AMS)

If your next base is under the AvI . -5 co--ept, the maintenance squadrons
are as follow

Aircraft Generation Squadron (AGS)

Component Repair Squadron (CRS)

Equipment Maintenance Squadron (EMS)

The ones that we will discuss in this PT are the ones that you may be
assignt. to.

FRAME 4

Organizational Maintenance Squadron (OMS)

The OMS has physical charge of the assigned aircraft. Each aircraft is,
in turn, assigned to an individual who is called a "Crew chief." They are
in charge of the aircraft, the aircraft forms, as well as any of the
maintenance personnel assigned to .rk on the a.Lrclaft. Actually, we could
say that the whole maintenance coo .12: is organized to support the OMS.

The OMS itself may be further 4vided into the following sections or
branches.

Alert Force

Base Flight ;Ind Trans-nt

Flightline

Inspections

Support equipment

///////// 7//////////d//////

NO RESPONSE REQUIRED

7
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FRAMES

Field Maintenance Squadron (FMS)

TF FMS provides maintenance and the desistance of specialists to theother intenance functions. FMS does intermediate level maintenance with4n
the capability of the assigned specialties, their equipment, and their
facilities. FMS may also be authorized to do so by the DCM.

FMS is usually the largest squadron in the maintenance organization.
It also uses the most man-hours. Thererore, the way the people and the
equipment are used by FMS will have a great effect on the maintenance
capability of the wing.

FMS usually consists of the following branches:

Fabrication

Propulsion ('et Engine Maintenance Shop)

Aerospace Systems 'Environmental, Pneudraulirl, Electrical, etc)

Aerospace Ground Equipment (AGE)

11111'111111111111111111111111

NC RESPONSE REQUIRED

Review Questions:

Directions:

Using the information in Frames 4 and 5, fill in the blanks with the
correct answer.

SET 2

1. The OMS has physical charge of the assigned aircraft. Fach aircraft is,

in turn, assigned to an individual called a "

2. The abbreviation FMS identifies F

S

3. FitS is responsible primarily for which of the three levels of

maintenance?

4. FMS ides OMS.

5. The Inspection Branch is a part a which squadron?

6. OMS and FMS are under the concept of what Air Force regulation?

8
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FRAME 6

7quipment Mainta_ance Squadron (EMS)

The EMS is responsible for the maintenance of

AGE

Munitions

Off-equipment aircraft components

Extensive on-equipment maintenance of aircraft

Explosive Ordnance Disposal Service

FRAME 7

Component Repair Squadron (CRS)

The CRS primar!ly does off-equipment repair of aircrait and support
equipment repair of aircraft and support equipment components, maintenance
beyond the capability of the Aircraft Generation Squadron and the EMS,
fabi_cation of parts, maintenance and operation of aircraft training devices,
and repair and calibration of precision measurement equipment (PME). The
squadron is functionally divided into these branches:

Accessory Maintenance

Propulsion

Conventional Avionics

Integrated Avionics

Aircrew training devices

Type Ii Precision Measurement Equipment Laboratory (PMEL)

FRAME 8

A ;-craft Generation Squadron (AGS)

People assigned to the AG., perform the on -equii cat maintenance of the
as--Isned aircraft. The AGS organilatir provides for basic standardization
and MAJCOM options to satisfy unique r_quirements.

9
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Review Questions:

SET 3

Directions:

Answer the following questions either True (T) or False (F) using the
information in frames 6, i, and 8.

1. EMS i responsible for the maintenance of Aerospace Ground Equipment.

2. CRS squadron performs on-equipment maintenance of assigned aircraft.

3. AGS is the abbreviation for Air National Guard Service.

4. EMS disposes of explosives.

169



TYPNS OF MAINTENANCE

There are two basic types of maintenance performed in the variJus
squadrons. They are

Unscheduled maintenance, which may he done in the form of an inspection,
or maintenance that is performed in between scheduled inspections. These
types of maintenance are things that happen that cannot be planned into the
maintenance schedule. These types of maintenance usually have a higher
priority (job importance) than the next type of maintenance, which is
scheduled maintenance.

Scheduled maintenance usually is done in the form of an inspection
which will be covered in depth in a later lesson. This type of maintenance
is planned into the days, months work schedule.



MAINTENANCE SYMBOLS AND THEIR USE

The symbols we will discuss in this section are used on some maintenance
forms co make important notations instantly apparent. These serve two
purposes:

To identify the condition of the equipment.

To form the basis of a standard system for telling at a glance the
seriousness of the discrepancy noted next to the symbol.

The symbols, in order of seriousness, are

Red X

Circled Red X

4 Red Dash

Red Diagonal.

All symbols WILL BE ENTERED IN RED PENCIL.

Remove Figure 1, located on the back of this PT, as we discuss these
maintenance symbols.

FRAME 9

Red X

The red X lndicans that the equipment unit is considered unsafe or
unfit for use, and the equipment will not be used or flown until the
unsatisfactory condition is corrected. NO ONE can authorize an aircraft
to be flown or the equipment to be used until the ansatisfactory condition
is corrected.

The red X symbol will be entered in the appropriate location of he
applicable maintenance form IMMEDIATELY upon discovery of the conc. ,ion.

Notes:
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The repairs made or work done to correct the condition of the equipment
WILL be inspected only by maintenance personnel who are delegated such
authority to clear the red X symbol as directed by the DCM.

//////////////////////////////
NO RESPONSE REQUIRED

Circled Red X
FRAME 10

A red X inside a red circle will be used to show that the equipment is
grounded or restricteu from peacetime operation, pending compliance with an
Urgent Action Time Compliance Technical Order (TCTO). The only time that a
circled red X symbol will be used is when the urgent Action TCTO has expired.

The same rules apply for clearing the circled red X as for the red X.

/////////i////////////////////
NO RESPONSE REQUIRED

Red Dash
FRAME 11

The red dash shows that a rluired inspection is due. The red dash can
also show that an inspection is overdue and time will not let you do the
inspection before f" ght. This symbol shows that the condition of the
equipment is UNKNOWN and that a more serious londition MAY exist. This
condition will be corrected as soon as possible by doing the required
inspection and completing the necessary maintenance.

//////////////////////////////
NO RESPONSE REQUIRED

Red Diagonal
FRAME 12

The diagonal shows that an unsatisfactory condition WES exist on an
aircraft or piece of equipment but is not so urgent or dangerous to warrant
the grounding of the aircraft or the equipment. the red diagonal w-11 be
a straight line from the lower left to the upper right of the symbol block.

Notes:

//////////////////////////////
NO RESPONSE UQUIRED

A 7 9



FRAML 13

Clearing Red Symbol Entries (Remove Figure 2)

The last-name initial in BLACK entered over the symbol in the symbol
block shows that the person whose name is in the signature block related to
that discrepancy has done the required work, or inspected the Fuipment, and
has found that all things are satisfactory and is assuming the responsibility
that it is OK to fly or use the equipment.

//////////////////////////////
NO RESPONSE REQUIRED

FRAM 14

Changing &A Symbol Entries

Once a Red symbol has been placed on a maintenance form, the symbol will
NEVER BE ERASED, eve- if entered in errors Entry of a red X, circled red X,
red diagonal, or red ash on any maintenance form shows the individual's
cpinion as to the seriousness of the defect Therefore, NO INDIVIDUAL is to
be directed co change a symbol which they have entered.

If an individual of higher authority within the maintenance or repair
activity believes that the condition is more serious than shown by the symbol,
THEY WILL change the symbol themselves. They will do this by drawing a line
through the name of the individual who made the entry and enter their signature
and grade in parentheses above or beside the signature block. See figure 2.

If supervisory lersonnel think that the condition is less serious than
shown by the symbol, this will be brought to the attention of the DCM,
equivalent contractor representative, maintenance 9-level noncommissioned
officer, civilian equivalent that has been authorized by the DCM to downgrade
the symbol. Individuals who make the decision will indicate their action by
a notation in the CORRECTIVE ACTION block for the defect and will read as
follows: "Symbol downgraded from Rid X (or Circled Red X) to a Red Diagonal
(or Red Dash, whichever is applicable). Discrepancy reented on page number

item number ." When a symbol is cleared in this anner, no one
need sign the INSPECTED BY block. The same discrepancy, the new symbol, rnd
the PRINTED first initial, tact name and grade of the person who found the
discrepancy will be remtered it the applicable block and will be followed
by an entry to read "Symbol changed from Red X (or Circled Red X) to a Red
Diagonal (or Red Dash), date, employee's name, grade, and organization."
This entry will remain with the discrepancy until it is corrected.

Notes:

//////////////////////////////
NO RESPONSE REQUIRED
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Rev-t_ew Questions

Directions:

Using the information in Frames 9 through 14, match the symbol to its
description/use.
at all.

SYMBOLS

The answers may be used once, more than once, or none

SE- 4

DESCRIPTION/USE

1. Red X a. The most serious discrepancy.

2. Circled Red X b. Identifies that an Urgent Action
TCTO has begun or time limit has

3. Red Dash expired.

4. Red Diagonal c. Identifies that an inspection is due.

Identifies that an unsatisfactory
condition MAY exist.

Identifies that an unsatisfactory
condition DOES exist.

You discover the Air Conditioning

d.

e.

f.

Heat Exchanger has a hole in it.
What symbol will be entered in the
forms?

Answers to Review Questions

SET 1 SET 2 SET 3 SET 4

1.a.

b.

Organizational
Intermediate

1. Crew Chief 1. T 1. a

c. Depot 2. Field Maintenance
Squadron

2, F 2. b

2. Organizational 3. F 3. b
3. Intermediate

3. Organizational 4. T 4. c

4. Specialists
4.a. Engines 5. c

b. Fuel 5. Organizational
c.

d.

Electrical
Pneudraulics

Maintenance 6. d

e. Environmental 6. AFR 7. a

5. Depot
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DATE FROM

1 5/ 1 2 /3

TO

/ /
CREW CHIEF

E. D. Huls

ORGN LOCATION

3372 S S Chanute

MN

T-38A

SERIAL NO

600557
DATE DISCO

1/315/ 12/3:40

WDC

B

1CN

3490006

TAG NO CF TO 781A DATED

1

TRANSFERRED TO DATE CORRECTED
711K DATE

/ / 15 / 12 /3
DISCREPANCY

OXYGEN REGULATOR FACE

PLATE CRACKED.

TRANSFERRED BY GRADE i EMPLOY Et NO

CORRECTIVE ACTION

"SYMBOL ENTERED IN ERROR, DISCREPANCY

AND CORRECT SYMBOL REENTERED BELOW."

DI OVERED BY

DOC. ND

756T )

GRADE

SSGT.
WOC 1CN

B

CGtRECTED BY

EMPLOYEE NO

J9999

INSPECTED BY

GRADE T EMPLOY a N3

TSGT.ii S8888

GRADE I EMPLOYEE NO

TI
TAG NO. CF TO 781 DATED

781K
TRANSFERRED TO DATE CORRECTED

DATE

3490006 P I I / / / / 15 / 12 / 3
DISCREPANCY TRANSFERRED BY GRADE I EMPLOYEE NO

OXYGEN REGULATOR FACE

CORRECTIVE ACTION

PLATE CRACKED. t:(contac DCM, Equilvant "SYMBOL DOWNGPACED FROM RED X. TO RED
Q
31.

Lontraotor Rep., Maintenance 9-level NCO DIAGONAL. DISCREPANCY REENTERED IN

or Civilian Equ'valent, that is author-

ized by DCM.)
DISCOVI D BY

D. JONI c;

GRAM I MPLOYEE NO

.1')9')4)

BLOCK 4. G dAGF 2."
cNECTIO IlY

II

Ctia; -/
INSP1C 11 0

GRADE

COt.
LRAM

EMPLOY( t NO

';7777

I MPIOYI I NO

SYM DATE DISCO

15/ 12/3
DOC ND

WDC

B

1CN TAL; NO.

3490006
DISCREPANCY

OXYGEN REGULATOR FACE

CF TO 781A DATED

I I / /
TRANSFERRED TO
MR DATE

/ /

DAII CORRICTIP

/ /

TRANSFERRED BY GRADE EMPLOYEE NO

CORRECTIVE ACTION

PLATE CRACKED. "SYMBOL CHANGED FORM

RED X. TO A RED DIAGONAL.

15 DEC. 83 Kd OL.

CORRECTED BY GRADE

3370 TCHTG/TTGUP."
EMPLOY': YC

DISCOVERED BY

D. JONES
SYM DATE DISCO WDC

GRAOF

SSGT.
1CN

DOC NO DISCREPANCY

EMPLOYEE ND.

J9999
TAG NO.

INSPECTED BY GRADE EMPLOYEE NO

CF TO 7814 DATED

/

TRANSFERRED BY

TRANSFERRED TO DATE CORRECTED
71111 DATE

/ /

CORRECTIVE ACTION

GRADE EMPLOYEE NG

DISCOVERED BY IGRADE EMPLOYEE NO.

47,5
AFTO N;,";. 781A MAINTENANCE DISCREPANCY AND WORK DOCUMENT_

Figure 2. (Sample) Maintenance Discrepancy and Work Document.

CORRECTED BY

INSPECTED BY

GRACE

GPI::

POONOUS COMM/ n 09.1k;LIMI



UATI f RUM

tr. / 07 / 3

`YMJ ims O4D

101 Nit

M I CREW MIT
i

/ / 1 E.. D . Iluls

ORGN 1 LOCATION

3370TTGP to

mm

T-38A

SERIAL NO

600557
Win: II.N

IOW NI PANCY

TAG NU

the red X symbol indicates that the
r- equiwent is considered unsafe, or

unf7t for use. This symbol grounds
the equipment.

I. hi /NIA DATLU

r f 1 / /
INAN'il I ANI I) NY

I OR

TRANS HIRED TO
/RIK UA II

/ /
DATE CORRECTED

/ /
41IADI I I MPI OM Ali

this oymhol mon( he mope( led, ood
the inspector will F. leor the Nymhol,
by placing their loot imp loll 111
over the symbol. When they do this.,
they will assume responsibility for
the work.

CORRECTED DI

DISCOVERED BY I GRADE EMPLOYEE NO INSPECTED BY GRADE EMPLOYEE NO.

DATE DISCD

/ /
WDC JCN TAG NO CF TO

P I

781* maw

/ /
TRANSFERRED TO
781K DATE

/ /
DATE CORRECT a

/ /
DOC NO DISCREPANCY TRANSFERRED BY GRADE EMPLOYEE NO

A-ree X inside a red circle indicates
that an Urgent Action Time Compliance
Technir-al Order is in process, or the
time lia.it has expired. the equipment
will 'pit !x. USea, and the symbol
ground.; Ihe Nioipment.

DISCOVERED BY GRADE EMPLOYEE NO

CORRECTI

GUMMI Cl

."T1ON

This symbol must be inspected,
and the inspector will clear the
symbol, by placing their last name
initial over the symbol. When
they do thin, !hey onnome ren-
ponnibility of the work.

INSPECTED BY GRADE EMPLOYEE NO

SYM DATE DISCD

/
DOC. NO

JCN

DISCREPANCY

TAG NO CF TO 711111 DATED

P I i /
TRANSFERRED AY

The red diagonal indicates that an
unsatisfactory condition DOES exist,
but is not serious enough to ground
the equipment.

DISCOYI RI U 14V GRAIN f MPLOYEI NO

SYM DATE DISCD WDC JCN TAG NO

/ /
DOC NO DISCREPANCY

CO

/
TRANSFERRED TO
711K DATE

/ /
DATE CDR. ECTED

/ /
e ' EMPLOYEE NO

This symbol does not need to be
inspected. but the signature in the
Corrected By block will place their
last name initial over the symbol,
and assumes the responsibility
of the discrepancy.

CORRECTED BY

INS?' MD BY

GRADE

GRAM

EMPLOYEE. NO

I him (.011 NO

The red dash indicates ihat an irspection
is due, and will '3e completed as soon as
poss.ble. This symbol does not ground
Ihe impiipmant, il ,l'iltiti Ihal an unnal-

igNilloik vendtlion HAN fit,i.1.
...

DISCOVERED BY (GRADE IEMPLOYEE NO

Cr TO 781A DATED TRANSFERRED TO
781K DATE

P I I / / / /
RAN 811111110 BY

CON

co,

DATE CORRECT' U

/ /
GRADE I I 1APLDYFf NO

This symbol doer not need to hp
inspected, but the signature in
the Corrected By block enters

their last name initial over
the symbol, and assumes the

responsibility that the inspection
has been completed.

INSPECTED IIT IGRADE soon( NO

L
MAINYENANCE DISCREPANCY AND WORK DOCUMENT

Figura 1. Maintenance Discrepancy and Work Document.
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OBJECTIVES

1. Identify facts relating to Maintenance Data Collection by answering a minimum
of four of five questions correctly.

2. Identify facts for processing and controlling material with 100% accuracy.

3. Given a narrative problem and applicable TOs, correctly complete AFTO forms
349, 350 and 781A. This will be done with a maximum of 2 instructor assists
per form.

INTRODUCTION

Have ycu ever really tried to keep up with the maintenance that is done onyour car? Unless you are the type that performs hialher own maintenance and
inspections, and keeps accurate records, it can get confusing. You take your
car to one place, and they complete forms, telling you what they've done to it;
then you take it to another place and they fill out their forms which are different,
and before you know it you are so confused as what is done and still needs to be
doue that you are pulling your hair out by the roots::: Every place you take va -
car for the different "specialists" to perform their maintenance, there is a
different form, with sometimes very confusing but important information.

Some maintenance can be scheduled. For example, oil changes, oil filters,
air filter, spark plugs, wheel allignments, etc.can be scheduled in advance.
These are things that you may work into your budget to get them done. Sometimes
things happen by surprise, like transmission failure ani engine proglems. These
things you can't plan on and are unscheduled maintenance.

Sometimes even when we do our own maintenance, unless we keep a record of
what and when the maintenance was done, we can have a difficult time remembering
when certain things are due again.

As you know, you will be performing scheduled and unscheduled maintenance
on aircraft. Along with this maintenance you will have to maintain maintenance
and historical records on all maintenance that is performed. Just like every place
you take your car for maintenance, they have a particular form and way of filling
out that form, so does the Air Force. This is called the Maintenance Data
Collection System.

These forms are numbered, such as AFTO Form 349, AFTO Form 350, and AFTO Form
781A. The abbreviation AFTO identifies this form as an Air Force form and has
a Technical Order written in order to complete the form properly.

We will learn in this lesson how to use these TOs and when to which TO for
what AFTO Form. We will also learn the AFTO form that is used to process and
control material (parts) for repair or to be condemned and returned to Depot.

Before we ber,4-, be sure to read and follow this PT very carefully. Should
any problems aris,_, ask the instructor for help/assistance.

OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 150; DAV 1

2
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MAINTENANCE DATA COLLECTION

Located in the classroom you'll find a bookcase with a group of :31alk books
with white labels facing you. Get the book that has the rumbers 00-20- THRU
00-20-5 on the label and bring it back to your desk.

Open the book cover and on the right you'll find what is called the "TITLE
PAGE." All TOs have a Title Page which gives us five important bits of information
pertaining to the TO:

1. TO Number
2. TO Title
3. Distribution Statement
4. Publishing Statement
5. Date the TO was published with the date of the change, if any.

In order for you to learn the Maintenance Data Collection (MDC) System, you
must knot. how to use TOs. So before we begin our lesson, we will learn how to use
this set of TOs arc' what is in this set of TOS that all TOs have in common.

Frame 1

Title Page

TO Number: The TO number is written in the upper right corner of the title
page and in the upper ].eft /right corners of the pages thereafter. (This binder
contains four different 00-20 TON. So if you ever have difficulty finding the
information we are talking about, the first thing you should do is check the number
in the upper left/right corner of the page.) In this case, we Elec.. in TO 00-20-1.
Each TO number is divided into at least three parts and each part is separated by
a dash. Each part of the TO number identifies what the TO is all about.

00. The 00 in the first part of this TO number identifies methods and proc,-!-
dures.

-20. Tells us this TO pertains to the MDC system.

-1. Says General requirement; for all AFTO Forms.

If we take this TO number breakdown and put it together we would have, "The methods
and procedures for the MDC system that is applicable to 'ill AFTO Forms."

TO Title: The title of this TO is "PREVENTIVE MAINTENANCE PROGRAM GENERAL
REQUEZEMENTS AND PROCEDURES." This is a brief statement as to the type of infor-
mation that is found inside this TO and is located in the top center of the Title
Page.

Distribution Statement: The distribution statement tells us that the TO is
limited to US Goverment use, and if we would like to order a copy we must write to
Tinker AFB, Oklahoma. The distribution statement is written in the bottom center n;
the title page.

Publishing Statement: The publishir7, statement says wbo authorized tLis TC to
be published. The Secretary of the Air Force said this TO will be published which is

3
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Lle% are telling v_ ou on paper ,,hat to do. Since this is a Technical "Order,"
d, not use this and comply with the orders contained in this and all TOs,

;,u are failing to obey an order given you by the Secretary of the Air Force, which
had if not ,...orse than telling your supervisor that you will not do what he is

vou to do. "ALL TO', ARE A MILITARY ORDER!"

he publishing statement is written in the bottom center of the Title page.

Dates: if you'll look in the bottom right corner, you'll see two dates. The
iato of 1 January 1979 is the (late this Tn was published. Below this date is

10 15 February 1983, and tells us since 1 January 197, this TO has had 11)
dud change 10 was put in effect 15 February 1983.

Ms usually change quire a bit. The information may not be clear enough to
compi, with or may be misleading as it is written. Because the Air Force wants us
to use these and all TOs, they go to unending limits to make the information clear
and precise. Sometimes they feel they need to add information to a TO, so it is
),Ided for our benefit. TN are written for you! Use them:

.WESTIONS FOR FRAME 1

sing TO 00-20-1 Title Page and the informa,ion you have just read, answer the follow-
ng nuestions or complete the statements.

. 00-20-1 covers the PREVENTIVE MAINTENANCE PRoCRAm

AND

Where woula we write to request copies of this TO?

:hat date was this TO published?

'sow many changes has :kris TO had since it was published?

7. This TO is published under the authoriuy o, the

480
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Frame 2

[LISTS OF EFFECTIVE PAGES' Page A.

Turn the Title Page over. In the lower left corner, you'll find the letter
A, This is the page letter. (Page numbers will begin later in this TO.) If you'll
look in the upper left corner you'll find, inside a box, LISTS OF EFFECTIVE PAGE,
If you read through this page, beginning with this box, you'll find next to this
box what to do in case of a TO change. Beneath this, there is a NOTE: This note
tells how we can identify a changed portion of a page, which the latest change has
Affected. Next we find the dates that each change was published, and below this,
the total number of pages in this TO and the change number of each page, if any.

Pape A is common to all TOs, and is located on the back of the title page,

REVIEW QUESTIONS Frame 2

Using the Page a in TO 00-20-1, answer the following questions:

1. Ho,,' can you identify the portion of the text affected by the changes?

2. Change R was put into effect on what date?

3. What did change 1 do to page 4-15?

4. What does a "0" in the change number column indicate?

5. Now many pages are in this TO?

5
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Frame 3

Table of Contents Page i

Now look at page i. This page is called the Table of Contents and is a very
IT-portant tool in finding information in this TO. The Table of contents is divided
into three columns. From :eft to right the titles of the three columns are:

TITLE PAGE

Section: This tells . what section of the TO information is found. Section
one pertains to GENERAL information. Section II pertains to ADMINISTRATIVE REOUIRE-
MENTS FOR MAINTENANCE DOCUMENTS. Notice under the word PAGE how the first number
before the dash changes depending on what section of the TO we are in.

Title: In the center of the page we have the titles of information. Under
GENERAL, Section I, we first of all have the Purpose of this TO and all information
that is of general nature. In section II we will find information pertaining to the
administrative requirements. Whenever I hear the word "administrative," I think of
filing, typing and things that a secretary would do. Well 3ection II pertains to
just that kind of information.

Page: In column three, we find a list of page numbers. You already know that
the first number, before the dash, is the section number. The number after the dash
is the actual page number or the order of information in which it is found. To the
left of the title we have another set of numbers. These numbers are paragraph num-
bers. If we were looking for information pertaining to contract maintenance oper-
ations, we would fiLd the title in section one. We would find the information that
we are looking for in paragraph 1-7 on page 1-2.

As we continue looking through the Table of Contents, you will notice a black
vertical line next to page number 2-6. Remember what this stands for? If not, go
hack to page A in the TO and read the note in the upper center part of the page.

In section IV we have MAINTENANCE INSPECTIONS METHODS AND 'ACEDURES AND
.ACCESSORv REPLACEMENT AND REUSE REOUIREMENTS. Turning to page ii, there are two
rare sections - V and VI.

Also included in the Table of Contents is the list of illustrations. This is
used when you want to see a picture of, in this case AFT() Forms, what the TO is
describing. On page iii, we find the list of tables, which has problem areas that

lot of people have had, so a table was written for these particular proble-,,,, ird
bJft t, do in case you should have the same problem some time in your Air Force

cJieer.

Always use the Table of Contents when you alc looking for information inside a
TO. It helps you to find the information much faster and ,aster. If there is
something inside the TO that you don't understand, such as an astrisk or some kind
of markings, always look to the page A for a definition of these markings. If the
narking isn't listed there, I': may be identified in the cirst paragraph of that
section, If not, ask your instructor if he/she will _dentify it for you.

RETIF1,: QUESTIONS - Frame 3

Y;ing TO 00-20-1 (HO-301), answer thE frl'rT,ing que-tions:
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1. What AFM tells us how to dispose of documents for aircraft or missiles that
are involved in accidents or incidents which result in damage to private
property?

2. What do the abbreviations IAW/TO identify?

3. What is the title of TO 00-20-2-5

4. What section is the figure of the AFTO Form 26, Aircraft Inspection Vork
Caro found in?

5 On what page is table 4-: located?

4S3
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N',7S TO RE1-TEW orTFTTW:S PnR FRAMrQ, 1, 2 ' 3.

neral Remirements and Proceeures

IhcTa Ci tv kriNP5-)T, Tinke: ATB, OK

1:171u,Iry 1070

:),LIt'tary of fn.- \ir Force

2

Nntc. (... vortical line in the outer margins of the page.)

I H:1 82

Ld that T:wcur,

62

liame

%T-m ?a 2--o. Pg

TN AcCORDVICF 'SITN/TECITNICAL ORDFP,

, On-cclipment maintenanLe cccunentation for iutercontinental ballistic missiles,
Pg 1-1

4 fection IV, MAINTENANCE INSPECTION METHODS AND PROCEDURES AND ACCESSORY
P"PlACP(Ps:T kND RFITF RFOI-FREvrTINTS. Pg 4-13
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TO 00-20-2-2 Frame 4

ON-EQUIPMENT MAINTENANCE DOCUMENTATION FOR AIRCRAFT; AIR-LAUNCHED MISSILES; GROUND-
. LAUNCHED MISSILES, EXCEPT ICBMs; DRONES; AND RELATED TRAINING EQUIPMENT

turn to TO 00-20-2-2.

Lets begin this part of the lesson by discussing this TO number. You
probably already noticed this TO number has four parts. Lets find out what
these parts identify.

00 The 00 identifies the same as in the last TO number. Methods and
procedures.

20 The 20 still identifies the same thing, MDC System.

-2 the -,I identifies a particular AFTO Form(s). In this case the
ALTO Form 349, and the AFTO Form 350. ( ee Table of Contents)

2 The last part is a -2, and this identifies what piece of equipment
this TO applies to. You can tell by the title, this TO applies to
Aircraft.

11 we were to take this breakdown and put it all together, we would have:

The Methods and Procedures for the MDC system, for completing AFTO
Forms 349/350 when working on the aircraft.

The 'A' page, and the Table of Contents work the same in this TO as in
the last TO. (00-20-1), and has the same format as used in the last TO.

Lets proceed to the next TO.

///i//////////////////////////////////////////////////////////////////////////////

NO RESPONSE REQUIRED
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1H ou-:0-2-10 Frame 5

,P :4:I1' MENT MAINIENANCE DOCUMENTATION FOK SHOPWORK, CONVENTIONAL MUNITIONS, AND
S ION MEASUREMENT EQUIPMENT

In this TO number the only part that has changed is the fourth part (-10).

We still have a Methods and Procedural TO, (oo). We still have a TO that
pitains to the MDC. System, (-20). The Third Part is still -2, and by looking at the
rabic of Contents, this TO still pertains to the same AFTO Forms 349/150. Now
what dues the -10 in the fourth part identify? Notice the TO Title, where it says
in tl.e beginning, OFF-EQUIPMENT MAINTENANCE DOCUMENTATION FOR SHOPWORK.

So we have a Methods and Procedures TO for the MDC System, for documenting
maintenance on the AFTO Form 349/350, when working INSHOP.

The Page 'A' is the same for all TOs except for the specifics pertaining
to the TO you are using. The Table of Contents is on the same basic format as the

(NOTICE: the 00-20-2-2, and 00-20-2-10 Table of Contents are almost identical).

//////////////////////////////////////////////////////////////////////////////////
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Roview Questions for Frames 4 & 5.

Usirg the Table of Contents in TOs 00-20-2-2 and 00-20-2-10, find the
information inside the TOs to answer the following questions. (Read the ques-
tions carefully. They tell you which TO to use. If no TO is mentioned, then
the question is a general question and either of the two TOs apply.

1. When working on the aircraft, what page explains Documenting Support
General work?

2. When working in shop, what entry is required in Block 4
of the AFTO Form 349?

3. When working in-shop, what paragraph explains "Crew Size"?

When working on the aircraft, where does the entry in Block 5 of the AFTO
Form 349 come from?

5. When working in-shop, and making entries on the AFTO Form 350, front side
Part 1, where will the entry in Block 15A be obtained from?

0 What part of the AFTO Form 350 is the repair cycle processing tag?

7. When working in-shop, what entry is required in Block 8 of the AFTO Form 349?

h. What part of the AFTO Form 350 is used as a control document?

9. When working in-shop, what part of the AFTO Form 350 will be attached to
the items that are to be repaired?

P///////////////////////////////////////////////////////////////////////////////

11
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An-wor:-; to Review Questions for Frames L & 5, with TO number Page and Paragraph.

1 Pg 1-3 00-20-2-2 P-ge i

No entry required u0-20-2-10 Page 3-1 paragraph 3-1d

) Pir 3-2J 00-20-2-10 Page ii

00-20-2 00-20-2-2 Page 3-1 paragraph 3-le

AFff) Form 349 00-20-2-10 Page 4-2 paragraph 4-3

Part 1 00-20-2-2, 00-20-2-10 Page 4-1 paragraph 4-1

No ,ntry required 00-20-2-10 Page 3-1 paragraph 3-ld

Part II 00-20-2-2, 00-20 -2-10 I3ge 4-1 paragraph 4-1

Part 1 0U- 2U -2 -10 Page 4-1 paragraph 4-2b

488
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TO 00-20-5 Frame 6

AIRCRAFT, DRONE, AIRCREW TRAINING DEVICES, ENGINES, AND AIR-LAUNCKED MISSILE
INSPECTIONS, FLIGHT REPORTS, AND SUPPORTING MAINTENANCE DOCUMENTS.

TO 00-20-5 begins no differently than the other TOs. It also has a
Title Page, an 'A' page, and a Table of Contents.

The -5, in the third ?art of the TO number, identi'ies that this TO covers
specific information. Unlike TO 00-20-1, which covers general information
applicable to all AFTO Forms, the 00-20-5 covers specific information on
specific forms.

Look through the Table of Contents, (pages ii, thru iii) and you will
find this TO covers the entire AFTO Form 781 series; (there are approximately
8 differen-. 781's). AFTO Forms 100, 100A; and AFTO Forms 98, 88, 44, and
34. (Don't worry, you will not be responsible to remember all of these
AFTO Forms. Just know what TO covers them). You may also notice this TO
does not cover the AFTO Forms 349/350.

Briefly review the Table of Contents before you proceed to the review
questions for this frame.,,,,,,,,,,,,,,



Rtvtew Questions for Frame 6

l-,Ing the TI) 00-20-5, find the answers to the following questions in the TO.

1. What is the title of this publication?

. What are the four basic inspection concepts?

3. The 90 day calendar inspection will affect the status of what other two
inspections?

With what -ype of time compliance technical order (TCTO) is the circled
rod X used?

Which pragraph and subparagraph explains the "location" block on the
AFTO Form 781A?

1,:ho will establish the necessary controls to assure that inspections are
done at or near their scheduled due time?

What is the title of AFTO Form 781A?

490

14



Answers to Review Questions, Frame 6.

0

I Aircraft, Drone, Aircrew Training Devices, Engines, and Air-Launched
Missile Inspections, Flight Reports, and Supporting Maintenance Documents.
(Answer found on Title --age)

2 Periodic, Phased, Isochronal, and Programmed Depot Maintenance. (Answe:
found on page 1-8, paragraph 1-16a(1),(2),(3),(4))

3 Accomplishment of either the 30 or 90-day inspection affects only the Basic
Postflight or Home Station Check inspection status. (Answer found on
page 1-15, paragraph 1-29c)

4 Urgent action TCTO. (Answer found on page 1 7, paragraph 1-10)

5 2-9f (Answer found on page 2-16)

o. The deputy commander for maintenance will establish the Necessary controls
to assure that the periodic, phased, or isochronal inspections are ac-
complished at or near their scheduled due time. (Answer found on page 1-9,
paragraph 1-16)

7. "Maintenance Discrepancy and Work Doctment." (Answer found in Table of
Contents page ii)

41)1



Review fol Frames 1 thru 6.

TO 00-20-1 "Preventive Maintenance Program General Requirements and Procedures"

This TO pertains to the methods and procedures for the MDC systems. It is

general information and applies to ALL AFTO Forms

TO 00-20-2-2, "On-Equipment Maintenance Documentation for Aircraft; Air-
Launched Missiles; Ground Launched Missiles, Except ICBMs;
Drones; and Related Training Equipment"

This TO pertains to Aircraft Maintenance Documentation for AFTO Forms 349 and
350.

TO 00-20-2-10, "Off-Equipment Maintenance Documentation for Shop Work,
Conventional 1,1unitions and Precision Measurement Equipment."

This TO pertains to Maintenance Documentation for Shop work, when the equipment
(system or comp nent) was removed from the aircraft, and is for AFTO Forms
349/350.

TO 00-20-5 "Aircraft, Drone and Air-Launched Missile Inspections, Flight
Reports and Supporting Maintenance Documents."

This TO pertains to specific information on specific AFTO Forms.

//////////////////////////////////////////////////////////////////i//////////////

you have any questions on any of this information ask now

/////////////.///////////////////////////////////////////////////////////////////

We have two more TOs to learn. They are TOs: 00-20-2 (in H0301) Maintenance
Data Collection System.

IF-111A-06 Work Unit Code manual
for an F-111A Aircraft

The reason these two TOs have been separated from the others is because they are
used to find the codes that are used on AFTO Forms.

492
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Frame 7

The TO 00-2U-2 "MDC System", i., used to find the codes that are entered
on AFTO Forms 349/350.

One of the codes we will find in this TO is Standard Reporting Designator
(SRD) codes. An older AFTO Forms 349-350 the SRD is called EQ/CL (Equipment
Classification Codes). Whether it is SRD or EQ/CL the same code is used.
They are different terms that mean the same thing.

SRD codes are used to identify aircraft and support equipment and
related equipment by type or category.

All the codes in this TO are identified by aircraft type in alphabetical/
numerical order. (Example: Attack, Bomber, Cargo, Figher, etc.) In order
to find the SRD/EQ/CL code simply look up the type, model and series of
aircraft or aircraft equipment you are T-orking on.
(Example: An F-111A; Type 'F'=Fighter; Model 111; Series A.)

If we look up the SRD-EQ/CL Code for an F111A, we will find the code is AFV.
The 'A' identifies a General type of equipment such as 'A' for aircraft. If
the first character is an 'X', it identifies engines.

The FV of the SRD-EQ/CL Code identifies specific equipment (F-111A). If we
were to remove the engines from an F111A, our 3RD -EQ /CL code would be XFV.
If we removed the Air Launched Missiles and Guided Missiles from the F111A our
SRD-EQ/CL Code wculd be NFV.

Some bases have more than one kind of aircraft assigned. The reason for
using SRD-EQ/CL Codes is because some equipment for certain aircraft may look
identical, but not be interchangeable. So these codes will assist us and
others in identifying that the equipment is for a specific aircraft.

These codes are also
cersi g of specifi equipme
anu to assist interchange

in computer programs to facilitate data pro-
Jse in automated management information systems

_a between the supply and maintenance system.

The authorized abbreviation for SRD, and EQ/CL cedes is SRD.

AnotAer code the 00-20-1 TO gives us is the Category of Labor Codes.
These Category or ....abor Codes are to be used for differentiating the various
types of maintenance resources used to support the USAF equipment maintenance
program. These codes are mandatory fog all units under the MDC System.

/////////////////////////////////////////////////////////////////////////////////
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Review Questions for Frame 7

Using 110 -301, answer the following questions.

1. Locate the complete Standard Reporting Designators' (SRD) for each of the
following:

a. B-52C
b. WB-66D
c. TF-104G
d. C-121G

Aircraft SRDs

2. What does the first character of the SRD Code identify?

3. What do the second two characters identify?

4. What is the first character of the SRD Code for aircraft.

/////////////////////////////////////////////////////////////////////////////////
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Answers to review questions for Frame 7

1. a. ABC (H0-301 Pg 5)

b. ABR (H0-301 Pg 5)

c. AFT. (H0-301 Pg If')

d. AJH (H0-301 Pg b)

2. The first character identifies a general type of equipment
(H0-301, Par A2 -la, Pg 3)

3. The second two characters iientify a specific type of equipment.
(H0-301, Par A2 -la, Pg 3)

4. A (H0-301, Par A2 -la, Pg 3)

///////i/////////////////////!//////////////////////////////////////////////////
In the bookcase in the room, you will find some snaller TO's that have a white
strip going up and down. Get the TO that has 1F-111A-06 on the side facing
you.
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Frame 8

TO 1F-111A-06, "AIRCRAFT MAINTENANCE WORK UNIT CODE M1'NUAL USAF SERIES F-111A,
D, E AND F AIRCRAFT."

Looking at the Title Page of the IF-111A-06 we will find the TO number
in the upper right corner, and on the top center of each page hereafter. In the
center top half we will find the complete TO title. The title includes all
letters and numbers. You see this TO covers the F-111 series A, D, E, and F.
It will not work for series B, C of the F-111 aircraft. Below the title we
will find the distribution statement, and below this, we find this TO was
published under authority of the Secretary of the Air Force. Then to the right
bottom corner we will find the basic date and change number along with the
change date.

Behind the Title Page, we have an 'A' page. First we have the TO number,
and the title of this page "List of Effective Pages." Beneath this is what
to do in case of a change to the TO. Then we find how we can identify what the
most recent change has.affected. Now we have a NOTE: That the other TO did
not have. It says "only pages listed on the 'A' page are valid." Next we find
the dates of issue for the original, and changed pages along with page numbers,
and change numbers that should be found for that page. The li&t of Effective
pages covers pages A, B, C, and D. The total number of pages in this manual
is 256.

On Page 1-001 begins the Table of Contents. See the black vertical
lines in the outer margin of this page? Remember what this means? Tf not,
go back and read the first note on the top of page 'A'. Never try to
"memorize" information that is found in a TO. They are almost constantly
being changed. If you feel that you have "mastered" the information always
double check before you do what is required, and remember "a TO is a military
order."

Beneath the Table of Contents page we find the preface. This is where
they introduce the various codes, abbreviations and symbols you will find inside
the TO.

Next we see there are two groups of Type Maintenance Codes. One is
for aircraft, the other is for engines. Always be sure you are 4n the right
group for the type of maintenance you are performing. (Read paragraph 2c
on page 11-002.)

Getting back to the Table of Contents, we find Acticn taken codes listed
on page V-001. The description of Action taken codes is on page 11-002, para-
graph 2D. Read this paragraph, then return to the Table of Contents and this
PT.
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After Action Taken Codes we find When Discovered codes. Read paragraph 2D
on Page 11-002 in the TO.

go

Now thi. begin to get a little tricky. Pay very close attention to
this paragraph.

There are two groups of How Malfunction Codes. The first one is an
Alphabetical listing, where all the code definitions are listed under the first
letter of the malfunction. Turn to Page VII-001 to see what we are talking
about. Then return to the Table of Contents. The second group of How Malfunction
Codes is a numerical listing where all the codes ere listed accorling to the
number of the code. (smallest number first) Turn to Page XI-001, then return
to the Table of Contents.

These How Malfunction codes are further broken down into categories:

Avionics/Electrical/Computer
Physical/Mechanical
No Defect
Engine Related/Reason For Removal

This category of How Malfunction Codes is broken into sub-categories:

Observed or Recorded Operational Conditions
Identified Components
Condition Monitoring
Chance Occurances
Managerial Decisions
Nor Defect

The majority of these codes you will use will be taken from the Physicai/
Mechanical category.

After CI- How Malfunctioned Codes Numerical Listing is Aircraft Support
General Ccde, All Support General Codes will begin with a zero (example:
01000, 0;90U, 03000 thru 0900C). These codes are used like Work Unit Codes,
only work unit codes will begin with a one or higher number (Example: 11000,
11ADP, 23GAE, 47ADB and etc.)

Support General Codes are used to identify a group of components that
make up a task. Example: If we were given the job of washing an aircraft, we
would have to document all of the components on the aircraft that we washed,
which would include almost every work unit code in this manual, or we could
use the support general code that identifies "washing" which would include
everything on the aircraft that was washed.

Vie could say Support General Codes are verbs, they show action taken
against something. Since you can't see or touch "washing", it is something
you de

21.
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To find the Support General Code for "washing" use the Table of Contents.

The first group of Support General Codes, (page 1-002) says "except 03000
and 04000". Then we notice that the next two groups are for 03000 and 04000.
They have their own pages (03-001 and 04-001). Before we go any further, lets
go to these two Support General Codes and find out why they are listed separately.

Turning to Page 03-001 first, notice what is above Support General Code 03100.
It says "Look" Phase of Scheduled Inspections. This is a list of all th,-.! Scheduled
Inspections we will perform on a F111 aircraft.

On Page 04-001 we have a list of SPECIAL INSPECTIONS. These are inspections
we will perform on F111 aircraft that are Unscheduled Inspections, or Special.
There are four pages of special inspections. Due to the fact that "washing"
is not an inspection of any kind, the Support General Code we are looking for
must be in the first group where it says "except 03000, and 04000."

Remember 03000 Codes identify "Scheduled Inspections, while 04000 codes
indentifies "Special Inspections."

Now turning to Page 01-001, we find the Code 01000. This code identifies
Ground Haadling, Servicing and Related tasks.. Reading though the description
of 01000, we cannot find anything that is related to "washing". Turning to
Page 01-003 we find 02000, and it identifies Aircraft Cleaning, which includes
"washing". So the Support General Code for washing is 02000.

Support General Codes are verbs. They show action.

Work Unit Codes (any five diget code that begins with a 1 or higher
number) is a noun. These are things that we can see and touch, so turn to
Page 11-001 and lets look at one of these codes. 11000-Airframe Fuselage.

Work Unit Codes are listed in an outline format. 11000 is a work unit
code that identifies the airframe of the aircraft. Notice how all the codes
on Page 11-001 begin with the same number as the page number.

Beneath the description of 11000 we will find the Airframe Fuselage is
broken down into sections. In this case it is the Nose section. Now notice
what happened to our work unit codes. We still have 11 but the 000 changed to
AA. The 11 still identifies the Airframe Fuselage, but the AA now identifies
one se,:tion of it. In this case the AA identifies the Nose Section. Go down
the list of Work Unit Codes changes from AA. What does it mean when the code
changes from AA to AB? Here AB identifies the Nose Section Doors/Covers.
When the code changes from AB to AC we changed to another section of the airframe.
In this case it is the Center Section. Looking to Code 11ACD we have the skin (D),
for the Center Section AC, for the airframe (11). The only letter that changes
is the last letter. This identifies a component for the sub-section, for the main
section.
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Lets look at Page 41-001. You all should be familiar with this system.
Look at Code 41 ABA. The last A identifies the Exchanger, Heat, Air-to-air,
(fur F111 series A/E) for the Refrigeration Package B for the Air/Conditioning
System 41A.

If you are having problems understanding these codes, ask your instructor
for help.

////i/////////////////////////////////////////////////////////////////////////////
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Review questions for Frame 8.

Using TO IF-111A-06, answer the following questions.

1. What Series of F111 does the TO IF-HIA-06 cover?

2. How many changes has this TO had since 1 October 1980, and what is the
date of the last change:

3. How many pages are in this TO?

4. On what page number w; we find a numerical listing of How Malfunction
Codes for the Physica fechanical category?

What does an asterisk identify between the Work Unit Code, and its definition?

6. What AFTO Form is used to recomm-ld changes to this manual, in accordance
with what TO?

What is the Type Maintenance code for performing the Basic Postflight
inspection on an F111 aircraft?

8. What is the When Discovered Code for the Basic Postflight inspection?

9. What is the Action Taken.Code that identifies the repair and/or replacement
of minor parts hardware and softgoods?

What is the How Malfunction Code that describes Loose, Damaged or Missing
Hardware?

11. What is the Work Unit Code that identifies the Escape Capsule Crew Modfe
Canopy, Mechanism, atch?

12. What is the Work Unit Code that describes the engine Starting System
Pneumatic Starting assembly?

13. What Support General Code describes the Oil Sampling Spectrometric analysis''

14. What Support General Code identifies the Hourly Postflight Inspection?

15. What Action Taken Code identifies cleaning?

16. What is the title of tha system coded 45?

17. What is the code that describes the performance of an Excessive 'G' load
inspection.

//////////////////////////////////////////////////////////////////////////////%////
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Answers to review questions for Frame 8.

1. A, D, E and F. (answer found on title page)
2. 6 changes. Change 6 is dated 3 May 1982. (answer found on title page

lower right corner, or on Page A)
3. Total number of pages in this manual is 256 (Page D)
4. Page X11-001 (Table of Contents Page 1-001)
5. Time Change items, Items designated for configuration control, and

items which require serial number control (Preface, Page 11-002)
6. LFTO Form 22. IAW to 00-5-1 (Preface Page 11-004)
7. 'C' (Page 111-001)
8. 'H' (Page VI-001)
9. "G" (Page V-004)

10. 105 (Page VIII-001 Alphabetical Listing, XII-001 Numerical Listing)
11. 16ABP (Page 16-001)
12. 23WAA (Page 23-017)
13. 04110 (Page 04-001)
14. 03300 (Page 03-001)
15. 'V' (Page V-007)
16. Hydraulic and Pneumatic Power Supply

(Table of Contents Page 1-002A)
17. 04114 (Page 04-001)
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If you have any questions about any of these TOs, ask your instructor for
help.

Review on TO's 00-20-1 and IF- 111P. -06

The 00-20-1 TO, gives us information in codes that goes on the AFTO forms
349/350. The codes that are found in this TO are "Standard Reporting
Designators", and "Category of Labor".

Tht. IF-111A-06 FO, gives us information, in codes, that goes on the AFTO
Forms 349/350/781A has required). The codes that are found in thib TO are:

Type of Maintenance
Action taken
When Discovered
How Malfunction
Aircraft Support General
and Work Unit Codes

Up to this point you have learned how to use six TOs. They are:

00-20-1

00-20-2

Preventive Maintenance Program
General Requirements and Procedures

Maintenance Data Collection

00-20-2-2 On-Equipment Maintenance Documentation for Aircraft;
Air-Launched Missiles; Ground-Launched Missiles, Except
ICBMs; Drones; and Related Training Equipment.

00-20-2-10 Off-Equipment Maintenance Documentation for Shop Work,
Conventional Munitions and Precision Measurement Equipment

00 -20 -3 Aircraft, Drone, and Air-Launched Missile Inspections, Flight
Reports, and Supporting Maintenance Documents

IF-111A-06 Aircraft Maintenance Work Unit Code Manual USAF Series
F-111A, D, E and F Aircraft.

If you have any questions concerning the use of these TOs, ask your instructor
before continuing.
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There are many reasons for the use of the MDC System. They are to name
a few:

1. Production information about the type of work accomplished, the work
center that did the work, and the equipment on which the work was
accomplished.

2. Equipment maintenance schedules and inventory information for main-
tenance actions that are required on a calendar basis.

3. Equipment failures and discrepancy information.

4. In addition to the above, base maintenance managers and supervisors
may obtain information concerning the cost of maintenance.

(a) The cost of civilian and military manhours.

(b) The cost to maintain aircraft, for both on and off-equipment
maintenance.

(c) Reimbursement action for transit maintenance services.

Because of the many Lses it is importart that the data in the MDC System
be accurat- The effect of data errors varies for different information
uses. For astance, some margin of error can be tolerated when determining
inspection intervals. However, computing the service life of high cost,
low inventory items require 100% accuracy.

The information provided through the MDC System is used in the management
decision making process which results in many tangible benfits to Air Force
logistics, especially maintenance. These benefits are not always apparent to
the individual involved in the documentation of data; however, a large portion
of the cost of the MDC System is returned through better management decisions
that can be made with informative facts.
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Figure 1 AFTO Form 349

The AFTO Form 349 (Figure 1) is the Maintenance Data Collection Record.
'this is a universal form. It is used to collect information on man hours,
serially controlled items, time change items, type of maintenance performed,
who performed the maintenance; by work center, and employee number. It is also
used as a dispatch from when certain blocks have been completed.

Do you remember what TOs are used to complete this form? Do you remember
what TOs are used to find the codes that are recorded on this form? If not,
go back to Frame 4, and begin reading this PT again.
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In Figure 2 you will find a copy of the AFTO Form 350. This is a
Reparable Item Processing Tag, and is a two part form.

Part I of the AFTO Form 350 will always be left attached to the item
that is determined tt, 'oe reparable and is being forwarded to other activities for
repair, and is used for shop processing. Part II serves as a production control
document, and is used to control the reparable item during shop processing.
The Part II of this form will be retained by the Production Scheduler.

AFTO FORM 350 FEB. 1977
PREVIOUS EDI LL BE USED

BUDGET BUREAU
ND. 21R0227

REPARABLE ITEM PROCESSING TAG
1 10B CONTROL NO 2. ID I SERIAL NO.

40 ee/ / A / 4.410
5 HOW 6. MOS

MAL

3. TM 3A. SRO

X T"
4. WHEN

DEC

7. WORK UNIT CODE 8 ITEM OPER.'
TIME

9. OTY.

i10 FSC 11 PART NUMBER

// .1.- 7 --1/
1 2cE jig NUMBER 13 SUPPLY DOCUMENT NUMBER

CCW-26
14 DISCREPANCY

.EW6/

lc SHOP USE ONLY

15A CMD / ACT ID

939570
16. SUPPLY DOCUMENT NUM dt.1

17. NOMENCLATURE

18. PART NUMBER

19 NS's

20 ACTION
TAKEN

21. QTY.

AFTD 350 PT. 1

22. RPC. USE ONLY 0110
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AFTO 350 PT.

AFTO Form 350Frorst.

U. 3 GOVERNMENT PRINTING OFFICE: 19, 7458-426

WARNING
Unauthorized persons remov-
ing, defacing, or destroying
this tag (or label) may be

subject to a fine of not mo.e
than $1,000 or imprisonment
for not more than one year
or both.

(18 USC 1 361)
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STATUS CHANGED TO
26 SERVICEABLE
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----'4
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\

DATE COMPLETED --;

Figure 2
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The Maintenance Discrepancy ant Work Document is where the actual discrepancy
begins , AFTO Form 781A (Figure 3). This form records all maintenance that
is performed on the Aircraft, that is discovered by the pilot and maintenance
personnel. This f,rm will always be kept at, or near the aircraft, each aircraft
will have its own sepatnte group of AFTO 781 seri"-.:s forms.
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OBJECTIVE

Identify instructions contained in time compliance technical
crders with 80% accuracy.

INTRODUCTION

Today, more than ever, Air Force people need to know how to use
Technical Orders (TOs). This PT will give you an overall view of how
Air Fore TOs are set up. You should be_especially interested to know
how to use TOs because you, 'die mechanic, will have to look up informa-
tion in them just about every day. There are about 70,000 TOs right now,
and they are used for big, complex things like breaking down jet engines
or for smaller jobs like ohming a wire for resistance.

TOs are always changing. They have to in order to keep up with the

advances in technology. Because of the changes that are being made each
day, there is a chance that what you learn now will not be exactly what
you will see later. Don't worry. It will be just another indication
to you that your Aii Force is dynamic and is finding better ways of doing
things every day.

The answer to a question is supplied on the page following the
question. If you have answered the question correctly and understand
the material, go on to the next item. If you answered incorrectly or
are not sure of the material, go back and review the material. Proceed
at a rate which is beat suite? to your learning ability.

OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TC'ITG /TTGU -P - 750; DAV - 1
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FRAME 1

TOs are set up to give you techn'sal instructions so that you can
do your job. They give you information so that you can operate, maintain,
modify, ur ovrh4u1 Ait Force equipment nnfely nnd efficiently. When the
Air Force talks about equipment, It is referring tee n lot or thtogm that
range from Air Force planes and missiles, trucks and automobiles, radar
equipment, or power supplies such as the MA-1A. TOs also have instructions
on safety procedures, preparing maintenance forms, and handling Air Force
material.

for
The purpose cf technical orders is to provide you with instructions

( ) a. AF equipment and materials.

( ) b. maintaining AF equipment.

( ) c. operating and overhauling AF equipment.

( ) d. all of the above.



Answer to Frame 1. d.

FRAME 2

The TO system doesn't apply to everything. For instance it does not
apply tc

( ) a. experimental equipment designed specifically for research
purposes.

( ) b. real property (buildings and grounds).

( ) c. USAF Stock List Publications. These publications are used
to find stock numbers for parts you order through the AF Supply System.

( ) d. Standard Publications such as AF regulations and AF manuals.
These regulations talk about military doctrine, AF management or AF
organizations.

Check thcae subjects below on which TOs would normally be published.

( ) a. Maintaining and operating AF equipment designed specifically
for experimental purposes

( ) b. Operating the USAF Supply System

( ) c. AF management procedures

( ) d. Maintaining buildings and grounds

( ) e. Operating and maintaining AF equipment

( ) f. Reenlistment procedures

4
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Answer to 1rame 2. e.

FRAME 3

Not all TOs are the same. Look at ones that are shown in this frame.

111111`......

..4:31
....... silo ...,,

- ...- ....; -..
4.11.1mwmthisi_%a_.

ir-iis. =.,,,

TIME COMDPLIAN CILTWIarnALORDER
E meat Modift n

L ORDE

MR AI, ORDE

TECHNICAL ORDER

11111111111111ar

Check the ones in this list that could be technical orders.

( ) a. Bombing Table

( ) b. Air Force Regulation

( ) c. Poster

( ) d. Equipment Modification Instructions

( ) e. Numerical Index and Requirement Tables

( ) f. Air Force Manual

5
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Answers to Frame 3. a. d. e.

Note: b and f are incorrect because TOs do not cover standard
publications which include AF regulations or manuals.

FRAME 4

TIME COMPLIANCE TECHNICAL ORDER
(Electrical Message)

Here are some more examples of TOs. Check the ones in this list
that could be technical orders.

( ) a. Technical Manual

( ) b. Air Force Manual (AFM)

( ) c. Electrical message containing special inspection
instructions

( ) d. Lubrication Chart

( ) e. USAF Stock L4sts

( ) f. Punched Cards (checkout)

6
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Answers to Frame 4. a. c. d. f.

Note: a is correct because it is a "technical manual".

AF MANUAL AF REGULATION AF TECHNICAL ORDER AF FORM

FRAME 5

AF VISUAL AID
(POSTER;

Technical orders are easy to identify because they have the
abbreviation TO and a number following it. Forms are marked for
identification. You can see some examples above.

Technical orders are generally identified by

( ) a. AFM.

( ) b. TM

( ) c. SL and an identifying number.

( ) d. TO and an identifying number.

( ) e. AFTO and an identifying number.

( ) f. TO

7
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Answer to Frame .. d.

FRAME 6

Check the boxes beside the drawings of TOs.

A

,

. 1 .

ALE

STAN A 'S

EAT SIZE

Technical Order BINDERS

8
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Answers to Frame 6. TO 00-5-1 TO 1B -52C -1

FRAME 7

Complete the following questions:

1. Technical Orders are normally identified by (check one)

( ) a. TO

( ) b. SL and Identifying Number

( ) c. TO and Identifying Number

( ) d. TM

( ) e. TF

( ) f. AFTO and Identifying Number

2. In the list Jelow, check those which would be part of the TO
System.

( ) a. Maintenance of AF equipment

( ) b. The USAF Supply System

( ) c. Experimental equipment designed specifically for
research purposes, such is X15 (experimental aircraft)

( ) d. Retnlibtment, military doctrine, Al management, etc.

( ) e. Operation of AF equipment

3. Check those which could be Technical Orders.

( ) a. Bombing Tablz

( ) b. Technical Manual

( ) c. AF Regulation

( ) d. Punched Cards

( ) e. Electrical messages containing equipment modification
instructions

( ) f. AF Manuals

( ) g. USAF Stock Lists

( ) h. Posters

9
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Answers to Frame 7. 1. c. 2. a. e. 3. a. b. d. e.

FRAME 8

TOs are written by the contractor who makes equipment for the AirForce. The Air Force tests the equipment and the TOs to be sure they
are correct. After using the TOs and eqUipment, the Air Force can then
ask for changes or more information.

Select the true statement(s) below.

( ) a. The contractor normally writes the TOs to assure
operational correctness of the data for the equipment.

( ) b. The contractor normally writes the TOs'and the Air Force
checks to assure operational correctness with the equipment.

( ) c. Both of the above.

( ) d. Neither of the above.

10
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Answer to Frame 8. c.

Most of the technical orders for a new weapon system are first
(originally) written by:

( ) a. AFSC.

( ) b. AFLC.

( ) c. USAF.

( ) d. Using Commands.

( ) e. Contractor.

11
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Answers to Frame 9. e.

FRAME 10

TECHNICAL MANUALS

There are many types of technical orders. The most widely used
type of technical order is a technical manual. The examples shown
are typical technical manuals.

All of these are:

( ) a. separate technical orders.

( ) b. separate technical manuals.

( ) c. both.

( ) d. neither.

519
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Answer to Fr le IC c.

FRAME 11

OPERATING
INSTRUCTIONS

Instructions for operation, service, maintenance and inspection of
complex weapon systems (aircraft, missile, etc.) and overhaul of component
parts, are gi'en in separate technical manuals. They are shown above.

Write the name of the technical manual you would use to do the
following work, on the blank provided.

a. Instructions on how to maintain a generator

b. How to srvice an aircraft engine with oil

c. Inspection requirements for a weapon system

d. Eaw to service the oxygen system on a missile

e. How to overhaul a jet engine

f. How to operate engines on an airlraft

13
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mammo:4pun a

Answers to Frame 11. a. (MAINTENANCE) b. (SERVICING)

c. (INSPECTION) d. (SERVICING)

e. (OVERHAUL) f. 'OPERATING)

FRAME 12

OM
SMICINS
MWMUCIIWO

OVERHAUL

INSTRUCTIONS

AIM PAR TS

SRI AROCNINS

orzwit443
INSTRUCTIONS

SERVICING
INSINUCTIONS

OVERHAUL
INSTRUCTIONS

ILLUSTRATED
PARTS

ssmutocona

MAINTENANCE
INSTRUCTIONS

rs

If the equipment is complicated, the instructions may be in -ire
than one technical manual. (See drawing above.) Types of Instruc eons
are: Operating, Servicing, Overhaul Instructions 0/H, Inspection
Requirements, Maintenance Instructions and Illustrated Parts Breakdown
(IPB).

Check the technical manuals which contain more than one type of
instructions.

( ) a. 34Y17-4-B-1 Operation, Service, and Overhaul instruc-
tions--Elec Lubricator...

( ) b. 34Y17-4-13 Ov_rhaul (0/H) with Parts Breakdown (P /B)--
Oil Tank Pump-up Tank....

( ) c. 6J10-3-68-3 Overhaul (0/H) with Parts Breakdown--
Fuel Booster Pump....

( ) d. 6J10-3-70-3 O' ;erhaul (0/H) Instructions--Fuel Transfer
Pump....

14

521



Answers to Frame 12. a. b. c.

FRAME 13

Supplemental Information

Technical manuals may also contain
a listing of part number,nomenclature, (name of part) and other information necessary tomaintain a piece of equipment. These manuals are called IllustratedParts Breakdowns, and are used to identify, order from supply, and todetermine equipment assembly and disassembly steps.

For example, the Illustrated Parts Breakdown, for large or complicatedequipment, are usually in one or more books, as shown below.

ILLUSTRATED
PARTS

BREAKDOWN OR

ILLUSTRATED
PARTS

BREAKDOWN

However, tht. parts breakdowns for pieces of equipment which containjust a few parts may be included with another manual, such as overhaulinstructions (See Illustration below).

15
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Answer to Frame 13. NO RESPONSE REQUIRED.

It kovem10

AAAAAA
***** CMOS

Sildt.C111$
mtill.C110111
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111,111/C111118

LEMIICAL
SYSTEM

114.

NAV

As you learned before, when you need to find gut how to operate,
service, maintain, inspect, overhaul, or find parts for a plirl. or
other piece of equipment, you may have to look in more than one
technical manual. For instance, if you look at the illustration in this
frame, you can see how the parts of a plane can be divided up into books
that tell you about fuels, the plane's power plant, and its hydraulic
or electr' system. The reason that these systems are split up this
way is bec..use the equipment that you work with in your job in the Air
Force is too complex for you to be able to_find out everything you need
to know from just one book. Each of these new books has its own TO
number and title. Besides t4ls first split which divides the books into
different systems, a_second split divides the systems into subsystems...
Look at the illustration again. The six books at the top are subsystems
of bigger ones such as fuels or the plane's power plant. emall books
like these are good for you to use because they make it easier for you
to find information fast. For instance, it you want to find out how to
service a part it the environmental system on a plane, the first thing
you would do would be to look at the TO that contains information on
that system and then turn to "servicing instructions". Any of the TOs
that you will use in the Air Force can be split up into sections.

Check the technical manuals below wt ch could be sectionalized.

( ) a. Maintenance Instructions

( ) .b. Operating Instructions

( ) c. Inspection Requirements

( ) d. Servicing Instructions

( ) e. Overhaul Instructions

( ) f. Illustrated Parts Breakdowns

( ) g. All of the above.

16
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Answer to Frame 14. g.

Match the type of instructions to the technical manuals, by
writing the letters in the appropriate space.

TECHNICAL MANUALS

1. 21M- CGM16D -6 -1 Inspection Requirements

2. 1F-100A-2-2 Maint -- Fuel System

3. 6J1-2-3-2 Svc Instr--Electronic
Control Amplifier

4. 10C1-3-6-1

5. 11F12-16-3-3

6. 34Y1-126-1

7. 1C-130B-1

Opr Instr -- Camera, Sound
on Film, 16mm ( )

0/H Instr -- Missile
Launch Computer ( )

Opr, Svc, Maint & Repair
Instr -- Reciprocating
Compressor...

Flt (Operation) Manual

17
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A. Overhaul (0/H)
B. Operation
C. Maintenance
D. Service
E. Inspections



Answers to Frame 15. 1. (E) 2. (C) 3. (D) 4. (B)

5. (A) 6. (BCD) 7. (B)

FRAME 16

REMEMBER

HUIPW111
MittS

CCCCC INS
I MMMMM CI I

1,1116N.0

MOMS'
144012UN

vlefinasa
1114111VC1IN

Imo Nimes
montilea

POWER
PLANT

raestaince
to 01111/C1

ELECTRICAL
SYSTEM

ul
INN

NA

The books that are divided up into sections like the ones in
this frame are easier to use. They halp you find information faster.
Remember also that any technical manual can be divided up into sections
like the TO on maintenance instructions.

Check the different types of instructions that can be found in
Technical Manuals.

( ) a. Overhaul

( ) b. Operating

( ) c. Modification

( ) d. Stock Listing

( ) e. Maintenance

( ) f. Indexing

( ) g. Servicing

( ) h. Inspections

18
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Answers to Frame 16. () a. () b. ( ) c. ( ) d.

() e. ( ) f. () g. () h.

FRAME 17

Technical orders containing instructions like maintenance and
overhaul are usually written for different levels of maintenance. Some
examples of the levels of work performed are given below.

Removing and replacing component parts and minor repair of AF
equipment are normally accomplished by ouEILEELIalli level mainte-
nance.

Bench testing and major repairs of the component parts of AF
equipment are normally accomplished by Intermediate level maintenance.

Major overhaul or the rebuilding of the component parts of AF
equipment is normally accomplished by Depot, level maintenance. This
maintenance can be performed by either a civilian contractor or an
Air Force Logistics Command Air Materiel Area.

List the three levels of maintenance for which technical orders
can be written.

19
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Answers to Frame 17. (ORGANIZ4TIONAL) (INTERMEDIATE) (DEPOT)

ow`

FRAME 18

ORGANIZATIONAL

INTERMEDIATE

CIYILiAN C COI TR AC TOR

Match the level of maintenance to the situation requiring their
use. Write the letters (A, B, or C) on the appropriate line.

WORK LEVEL OF MAINTENANCE

1. Removal of a generator from
an aircraft )

2. A frequency shift keyer bench
tested in a shop )

3. Overhaul of a helicopter rotor
transmission )

4. Bench testing of Collins radio
receiver )

5327

A. Organizational
B. Intermediate
C. Depot



Answers to Frame 18. 1. (A) 2. (B) 3. (C) 4. (B)

FRAME 19

The wPrds - Organizational, Intermediate, and Depot, as used in
TOs, identify the

( ) a. levels of maintenance for which technical orders are
prepared.

( ) b. official means for distributing technical orders

( ) c. types of technical orders.

( ) d. organizations responsible for procuring technical orders.

21
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Answer to Frame 19. a.

MAME 20

List the three levels of maintenance instructions which can be
contained in technical manuals.

_
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Answers to Frame 20. (ORGANIZATIONAL) (INTERMEDIATE) (DEPOT)

FRAME 21

TIME COMPLIANCE TECHNICAL ORDERS

Technical Orders which contain instructions for a modification or
a one-time inspection of Air Force equipment are referred to as Time
Compliance type technical orders. (Study Examples below)

TAO 1.1.111s

OM OM MOM
SM. NM

IVUOMOIT IMMO
147 11111111 WW1

01.= o
111. o IN mmP11.

Nov

1 won dhow11
9 Oa MIMS

ft

anus. = Ufa __._
... vacuum"

Time Compliance TOs (TCTOs) contain the following types of
instructions. (Check appropriate blocks)

( ) a. Service

( ) b. Operation

( ) c. Modification

( ) d. Overhaul

( ) e. Special (one-time) inspection

23
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Answers to Frame 21. c. e.

FRAME 22

The identification "Time Compliance Technical Order" tells you
that the instructions must be done by a certain time.

TCTOs specify:

Who will do the work (level of maintenance-Organizational,
Field, Depot).

When work will be done.

Write "TCTO" next to the situations where it would apply.

A. ( ) Modification of Ballistic Computer Shock Mount.
Work to be done by Field Maintenance within 30 days.

B. ( Replacing a broken generator with a new one.

C. ( Doing a routine inspection before starting a Ground
Power Generator Set.

D. ( ) Installation of Refrigeration Modification Kit
Control Circuit Fuse Block on Compressor. Work to be accomplished by
Depot Maintenance within 180 days.

E. Removing a fuel control valve from a missile for
repair.

531
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Answers to Frame 22. TCTO. D. TCTO.

FRAME 23

Time Compliance Technical Orders (TCTOs)

TCTO's are grouped by the importance and urgency of the work to
be done. The amount of urgency is indicated in the instructions
by telling you when work is to be done. When a TCTO is not done by
the required date, the aircraft will be removed from flying status
temporarily.

0
I

OA6-09 Air-
vs l`F vw"
4_40,r
CP"
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Answer to Frame 23. NO RESPONSE REQUIRED

FRAME 24

In addition to stating by whom and when work will be done, TCTOs,
state other requirements. (Study the example of a TCTO shown and
answer the question below.)

ODIA111111111 OF TIR NI f0110

IIIMI00A11115,1111111 STAIR AM NOCE

WAININKON

T.O. IC-13012-520

DATA CODE: 0124815

22 JULY 1084

INSPICTION AND RIPOSITIONINO OF pown LOADS
TO AC POW IR CONTACTORS - C-1301 AIRCRAFT

whe suespibbed: Organizational/field level maintenance.

Who work weal Is sionglIshed:

fere *Off 'oohed:

Spero .Netted?

Tedekel Orden of fededt

lesilesiee dote:

1. PURPOSE:

Not later than 30 days after receipt of this technical
order. Palk,* to accomplish the work by tki eqdrafton
date shall maim an eaceptIonel release =nekton
thereafter until compliance is accomplished.

Tem. (8.. Paragraph 7.)

No.

No.

U July OM

a. Timis inspection assures that the power teed terminal lugs are properly Installed on the terminal studs of
the-electrical contactors In the main AC power distribution panels. U a power lead lug is not properly installed,
a short circuit behreen the barrel at the kg and the edge of the contactor housing could occur.

b. This Inspection and the necessary power lead repositioning will be accomplished on the following aircraft.

MODEL SERIAL NUMBER

C-1301 A761-2358 through el 2313 and 8247114 through
81-11108.

Aircraft serial number A1112.1809 and subsequent have been inikected one corrected by the Contractor
prior to delivery.

2. INSTRUCTION DATA.

Turn oft all electrical power on the aircraft.

( ) a. When thl work will be done.

( ) b. By whom work will be done (level of maintenance).

( ) c. Overhaul instructions.

( ) d. Form entries required.

( ) e. Other TOs affected.

( ) f. Rescission date of TO.

( ) g. Purpose of TO.

( ) h. Operation instructions for affected equipment.

( ) i. Instruction data for performing work.

( ) j. Equipment applicability.

26
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Answers to Frame 24. () a. () b. ( ) n. () d. () e.

() f. () g. ( ) h. (11) 1. () j .

FRL 25

Match the type of technical order to the type cf instructions it
contains, by wriIng the letters -A" or "B" on the appropriate lines.

INSTRUCTIONS

1. A special inspectlon of all flexnle
fuel li.es on a ,.;round power unit.

Work to be performed by Organiza-
tional maintenance within 3 days

2. Inspecting wheels and tires on an
aircraft during a scheduled
inspection

3. Replace tube TU4 with Tube TU6
in all AlA teletype receivers.
Work to be performed by Field
Maintenance within 7 days

( )

( )

( )

4. Ground operation of Aircraft
engines ( )

5. Modification of shock mounts on
all Collins Radio Receivers. Work
to be performed by Field Mainte-
nance within 30 days

z531

( )

TYPE OF TO

A. TCTO
B. Technical Manual



Answers to "came 25. 1. (A) 2. (B) 3. (A) 4. (B) 5. (A)

FAME '46

Check the items specified in TCTOs.

i ) a. When work will be done

( ) b. Operating instructions

( ) c. Overhaul Instructions

( ) d. Level of maintenance

535
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Answers to Frame 26. ( a. ( ) b. ( ) c. () d.

Check the types of information provided in TCTOs.

( ) a. Routine Maintenance instructions

( ) b. One-time Special inspection requirements

( ) c. Modification instructions

( ) d. Routine, rec:Irring inspections

536
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Answers to Frame 27. ( ) a. () b. () c. ( ) d.

FRAME 28

METHODS AND PROCEDURES TECHNICAL ORDERS

Policies, methods, and procedures that apply to a wide variety
of subjects, which are not in ether types of technical orders, are
found in METHODS AND PROCEDURES TCts.

Most technical orders contain information on specific weapon systems
or pieces of equipment. Methods and Procedures TOs, on the other hand.
are used to provide information of a general nature, such as:

Documentation of historical records and maintenance forms
for AF equipment.

Procedures for processing reparable property.

Cleaning of equipment used in aircraft.

Policies and procedures on the technical order system.

Inspection of office equipment.

Inspection and age control of USAF equipment.

Procedures for operating AP equipment in the arctic and
tropics.

Packing and preservation of AF equipment.

Check those subjects below which most likely would be contained
in Methods and Procedures technical orders.

( ) a. Instruction for arctic operation

( ) b. Repair procedures for an electric motor

( ) c. Cleaning of aeronautical equipment

( ) d. How to order technical orders

( ) e. Crating supplles for shipment

( ) f. Overhaul procedures for a two cycle engine

N37



Answers to rrame 28. () a. ( ) b. () c. () d.

() e. ( ) f.

FRAME 29

Match the type of technical orders to the statements, by writing
the letters on the appropriate Unes,

STATEMENTS TYPES OF TOs

1. Contains procedures for an A. Methods and Procedures
urgent modification ( ) B. TCTOs

2. Instructions for trorlc
operation of equipment ( )

3. Procedures for recording dat.2
on maintenance forms ( )

4. Lists steps in adjusting a
radar set ( )

5. Instructions for distributing
and storing of TOs ( )

6. Used for determining scheduled
inspection requirements for
weapon Systems ( )

7. Indicates level at which work
will be accomplished ( )



Answers to Frame 29. 1. (B) 2. (A) 3. (A) 4. (C)

5. (A) 6. (A) 7. (B)

FRAME 30

Select the statements which identify subjects found in Methods
and Procedures TOs.

( ) a. Packaging supplies for shipment

( ) b. Cleaning of aeronautical equipment

( ) c. Repairing atrborne radio equipment

( ) d. Ordering procedure for TOs

Answers to Frame 30. () a. () b. ( ) c. () d.

32 539
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04.

Technical Training

Aircraft Environmental Systems Mechanic

TECHNICAL ORDER SYSTEM INDEXES AND MANUALS

16 February 1983

CHANUTE TECHNICAL TRAINING CENTER (ATC)
3370 Technical Training Group

Chanute Air Force Base, Illinois

Designed for ATC Course Use.

...i ROGRAMMED TEXT
C3ABR42331-PT-302A

Do Not Use on the Job. RGL: 9.6
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OBJECTIVE

Identify conditions that would require the initiation of a
technical order improvement wort with 80% accuracy.

INTROUCTION

Throughout this programmed text you will be required to respond

to the information in some manner that will show the instructor that

you are progressing. You may be asked to underline a word or provide

a missing word or even write information taken directly from technical

orders. Do not mark in this text. Whateyer method is used, do it

carefully and progress at your own rate. The important thing is that

you learn as much of this material as you can. When you have finished

this text, you will be called upon to perform in the manner prescribed

in the "Objectives."

INSTRUCTIONS

This programmed text presents information in small steps called

"frames." Answers to each frame will be found at the top of each even

numbered page. Before proceeding remove the response Sheet at the

back of this text. Then enter your answers on the response sheet

Supersedes C3ABR42331-PT-302A, ]8 May 1982.
OPR: 3370 TCHTC
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 350; DAV - 1
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Frame 1

A technical order has been written for each piece of equipment in

the Air Iirce. You are at a point in the course where you must find and

use technical orders. There is a small training technical order file for

your use in the area where you are studying.

Figure 1.

NO RESPONSE REQUIRED



Answers to Frame 1: No Response Required

Frame 2

Technical orders are put in binders which are, in turn, put in a

10 file (library). Each binder generally has more than one technical

order in it.
A

.iirelletal. =Me

ab.....4r,

Figure 2.

All TO. are rS in the file in the numerical order which corresponds,
to the numbered sequence in which they are listed in their INDEXES.

Complete the following statement.

1. Technical *Aare are found arranged according to their

4
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Trame:3.

Below are exam'les of binders in which technical orders are kept.
Sometimes a binder may have just one TO. More often, more than one TO
is put in the same binder. In this case, the label on the back side
of the binder is marked to show which TOs are in the binder. For
example, if TO 15A1-2-2-3, 15A2-4-1-3, and 15A275-1-3 are put in the
same binder, the label will be marked: 15A1-2-2-3 thru15A2-5-1-3.
This tells us at a glance that the books are arranged in order of
their numerical sequence. Tech orders starting with the number
15A1-2-2-3 and ending with 15A2-5-1-3 are in this binder..

There is a binder number at the top on each of the labels. These
numbers are used to keel the binders in order in the TO file. The
numbers show at a glance which of the TO binders are not in the TO file.
Binder numbers are put on the label above the "from and thru numbers".

LABEL

BINDER

NUMBE2

FROM
15AI-2-2-3

THRU

15A2-5-1-3

NO RESPONSE REQUIRED
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Answer to Frame 2: 1. numerical order.

Answer to Frame 3: No Response Required

Frame 4

There are approximately 75,000 TOs of all types in the Air Force TO
system. The TOs are kept in some type of TO file. You will work with a
limited or shop file. Most files that are set up and maintained by Air
Force bases and activities are designated as limited files. The TOs that
they have are limited to the TOs used to accomplish the shop mission and
responsibilities. Limited files are put in the work areas or work centers
in a maintenance organization. The environmental systems shop will have a
limited file to use. It will have just the TOs used to accompllah mainte-
nance on the assigned equipment. From the information above it can be
said, "If you do not have the equipment on hand you are not authorized
to have the TO in your limited or shop file."

Answer the following statements as true (T) or false (F).

1. The TO files on mist Air Force bases are either a limited or
shop file.

2. You are authorized to maintain a TO if you do not have the
equipment that the TO covers.

Frame 5

Over 75,000 Ms' How do you locate the one you need in a file?
The Air Force has put into use A numbering and indexing system to help
you find the TOs you need. Each person in the Air Force does'uot have
to know the TO numbers of the TOs.that.cover all the equipment that is
on hand. However, people who use the technical order system must know
how to use TO indexes. With the help.of the index system they can find
the information they need for the equipment that they maintain.

NO RESPONSE REQUIRED
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- Frame 0

In the Air Force TO system, the TO.number of an index will start

with a zero. For example: TO number 0-1-01, the first digit of the TO
number is a zero, so the TO is an index,.

Answer the following statement as true (T) or false (F).

1. The TO number of an index will start with a zero.

Frame 7

Since there are so many TOs in the Air Force TO system, we need an
index to list them. One index would not be enough to list all the TOs
for the many different types of equipment in the Air Force. To keep
from using one large index, there is a smaller index for each type of
equipment. Because there,are many types of equipment, there is an index
that lists all the other indexes. This index is TO 0-1-01. It is used
when you need to find the index for a certain type of aircraft or category
of equipment. TO 0-1-01 is called the ind-- of indexes.

Answer the following statements as true (T) or false (F).

1. The index of indexes is TO 0 -1 -01.

2. TO 0-1-01 is used to find the index for a type of aircraft or
category of equipment.

+It
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Answers to Frame 4: 1. T 2. F

Answer to Frame 5: No Response Requirod

Answer to Frame 6: 1. T

Answers to Frame 7: 1. T 2. T

Frame 8

Each digit of a TO number has a meaning. For example, look at TO
index number 0-1-3. The first digit is a zero, this tells you the TO
is an index. The second number is one, this tells you that the TOs in
the index are in numerical order. The third digit is three, this is
the type or category of equipment that the index lists TOs for. If a
fourth digit is put on the end of the TO index number, it would indicate
the specific information .ontained in the TO.

Chtck the best answer for the following statement.

1. The second digit of a TO index number indicates

a. whether or not it is an index.

b. the type of plane or category of equipment.

c. the order in which the TOs are listed in the index.
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Frame 9

Equipment technical orders have TO numbe):s that are different from
index TO numbers. You will now look at TO number 15X2-1-4-3and use it
as an example. The 15 indicates the category of equipment. The X is
used to indicate gjor group of equipment in the 15 category. The 2
Indicates a specie type of component in the major:group. The 3
indicates a s!lecif, item. The 4 indicates the general series, model,
part type or part number of the specific item. The 3 at the end of the
TO numFer tells you that the TO has overhaul (0/H) instructions in it.
The last digit of an equipment TO number will tell you the kind of TO
you will be working with.

NOTE: THESE NUMBERS ARE
READ AS DASH ONE, DASH
TWO, AND S0-01.

Figure 4.

Answer the following statements as true (T) or false (F).

1. The 4 in TO number 15X2-3-4-3 tells you the kind of TO.

2. The 2 in TO number 15X2-3-4-3 is used to show a specific type ofp(rt in the major group.



Answers to 7rame 8: a. b. c.

Answers to Frame 9: 1. F 2. T

Frame 10

Equip Ment TOs are used to give ,perating instructions, maintenance
instructions, overhaul instructions, and illustrated parts breakdowns
for parts of Air Force equipment.

NO RESPONSE REQUIRED
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Frame 11

Aircraft TO numbers differ from equipment TO numbers. You will now
look at aircraft TO number 1C-47A-1. The first digitis a :71e, this
tells you the large category of equipment. The one category is aircraft.
The letter C tells you the type of plane, which is cargo. The third
digit is 47, this tells you the model of the plane. The 1-tter A stands
for the series of the plane. The fifth digit ofthe TO number is also
a one. This one tells you the kind of TO or information found in the
TO. The TO ma; be a flight manual or illustrated.parti breakdown, or
it may have maintenance or overhaul instructions in it. The one on the
end of TO number 1C-47A-1 tells you that the TC is a flight manual.

Some examples of aircraft TO numbers are shown below.

Category Type Model Series Information

1 47 A 1 Flt Manual
Cargo

1 19 1 Flt Manual
Helicopter

1 52 2 Maintenance Instructions
Bomber

1 52 3 StruriAiral Repair

(Overhaul Instructions)

1 52 D 4 IPB (Illustrated Parts
3reakdown)

Answer the following statements as true (T) or false (F).

1. The second digit of an aircraft TO number tells you the model
of the plane.

2. The third digit of an aircraft '10 number tells you the kind of
information that is in the TO.

fr



Answer to Frame 10: No Response Required

Answers to Frame 11: 1. F 2. F

Frame 12

The fifth digit of an aircraft TO number tells you the type of
information contained in the TO. When the TO is for a small piece of
equipment, no further identification is used. On large pieces of equip-
ment, a sixth digit is used to show the systems of the piece of equipment.
For example, aircraft TO number 1F-111A-4-6 tells you the TO is an
illustrated parts breakdown (fifth digit is -4) for F111A plane. The
sixth digit (-6) tells you the TO has in it "Power Plant and Eelated
Systems" of the F111A aircraft.

Complete the following statement.

1. A sixth digit is added to an aircraft TO number to tell you
the of the piece of equipment.

Frame 13

Aircraft TOs are used for operating instructions, maintenance
instructions, over -haul instructions, and illustrated parts breakdowns
for planes. Operating instructions tell you how to operate the plane,
such as how to start the engine. Maintena:ice instructions tell how to
repair the whole plane. Overhaul instructions tell what has to be done
to make major repairs on parts of the plane. Illustrated parts break-
downs (In) list all the parts on the plane by nomenclature (name and
description) and part number. IPBs are used to order replacement parts.
They are also used to locate parts on the aircraft.

NO RESPONSE REQUIRED

12
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Frame 14

Below is a check to see how well you remember and understand the
information given so far.

Complete the following statements.

All TO indexes are listed in TO C-1-01 which Is called the

. In TO number 15X2-3-4-3 the last digit of the hun,her
tells you this TO provides instructions.

3. Sometimes you will find more than one .1% in the same

4. All TOs are lined up in their binders and on the shelves
according to their and not by their sizes.

5. In aircraft TO number 1C-47A-1 the last digit (-1) indicates
the TO is a

Frame 15

You have learned the types of TOs and what they are used for. Now
you will learn how information can be taken from a TO and used.

NO RESPONSE REQUIRED
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Answer to i'14.0,1, 1): syst,!m-

Answer to Frame 13: No Response Retialred

Answers to Frame 14: 1. Index of Indexes 2. Overhaul 3. binder
4. number 5. flight manual

Answer to Frame L5: No Response Required

Frame 16

The indexes in the Air Force TO system are posted to aid the mechanic
in locating MD,i in a shop or limited TO file. Two symbols are used for
posL.ng indexes. The symbols are the plus (+) and the minus (-) symbols.
All TOs that are required in the shop TO file will have one of the symbols
marked to the left of the TO number in the numerical indexes. The symbols
are marked jn pencil. The plus (+) symbol tells you the TO is required
ih the ;lie, is on hand, up-to-date, and no pages are missing. The
min. (-) symbol tells you that: (1) the maintenance shop is authorized
the TO, but it is not on file, (2) th- TO is on file, but not up-to-date,
(3) the TO is on file, but some of the pages are not in the TO. If a
mechanic sees a MINUS (-) --ymbol in on index for a TO he is trying to find,
hp ;:hould c..ante no more time. The TO, if on file, will not be in any con-

Lo be used:

th._ following ,tions.

-37m1,(,1 rnat is used to indicate a TO has some pages mios1%g
symbol.

2. The symbol that is used to i,,,i4e'ate a TO is up-to-date is the
symbol.
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Frame 17

The Air Force TO system has an ALPHABETICAL INDEX, (0 -2 -1), to help
you locate hard-to-find information. The TO number starts with a zero
so it is an index. The second digit is a 2 which tells you that every-
shing in it is listed alphabetically. This TO is used to find the INDEX
for a CATEGORY of equipment.

Complete the following statement.

1. The TO that is used to find hard-to-find information is

Frame 18

At times a correction or addition may have to be made to a TO. As

equipment changes and new parts are made, the procedures in the TO must
be brought up-to-date. A TO is corrected by a CHANGE. A SUPPLEMENT is
something added to a basic TO such as a new model or type of some
equipment. A CHANGE is something that must be corrected in the TO.

NO RESPONSE :',SQUIRED
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Answers to Frame 16: 1. mlnus 2. plus

Answer to Frame 17: 1. 0-2-1

Answer to Frame 18: No Response Required

Frame 19

A SUPPLEMENT, as we have said, has information that must be ADDED
to the TO. Below are two statements. One shows the need for a SUPPLEMENT
and the other shows the need for a CHANGE. Label them to show which will
be a change and which will be a supplement.

1. The It) is amended to add ignition unit, model 925C1A, which
will be overhauled and tested in accordance with the instructions given
in sections II and III. This will be a

2. NOTICE: Page 17, paragraph 19b, is changed to read, ... torque
the bolt to 40 inch pounds ... This will be a
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Frame 20

When a TO is changed, a change date is put right below the basic
date. The basic date of a TO is the day that it was published. The
basic date of a TO will only change when there is a revision to the TO.
(A revision is a new TO including all the current changes.) A revision
is made after 80% of the TO has been changed. When a revision replaces
the old TO, it will carry a new basic date, and the old TO is discarded.
By putting a change date below the basic date, the mechanic can find out
if the TO he is using has up-to-date information or not. This is
determined by checking to see it the change date on the TO matcher tt,e
change date that is t,I4en for that TO in the index. The basic date of
the TO should also match the basic date that the index gives for that
TO.

Select the best answer for each question.

1. The change date on the title page of a TO is located

a. above the basic date.

b. to the left of the basic date.

c. to the right of the basic date.

d. below the basic date.

2. The basic date of a TO is the

a. date it was changed.

b. date it was published.

c. date .t arrived in the shop.

d. date of the second change.

i7
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Answers to Frame 19: 1. Supplement 2. Change

Answers to Frame 20: 1. d 2. b

Frame 21

To find information in a TO there are steps that you must take. The
first step is to find iu the "Index of Indexes" (0-1-01), the index for
the category of equipment that you are working with. If you were looking
for the index for fighter aircraft, you go to Part. 1 of TO 0-1-01 and
look down the titlds to find fighter aircraft. Then you would look to
the left of the title to find the number of the index that you are going
to need. The basic date and change dates will be to the right of the
title for that index.

Check the following statements as true (T) or false (F).

1. The title and number of an index for a category of equipment
is found in Part 1 of TO 0-1-Cl.

The index number for a category of equipment may be found to
the right of its title in TO 0-1-01.
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Frame 22

When you have found the number of the TO index that you are looking

for, you would remove that TO from the TO file. Once you have the index,

you would 1.Jck in the table of contents to see which page lists the

specific type or fighter that you need information for. The table of

contents is the only way to locate information in a TO index. You would

then turn to that page and look down the titles to find the title of the

TO that covers the narticular system you are working on. WheL, you find

the title of the TO that you are looking for, look to the lefc of the

title and find the TO number. Also look to the right of the title and

look at the basic date and change dates, if any. The part numbel of

the piece of equipment that the ..) covers will be to the right of the

TO title. The part number is useful in that it can help identify the

TO for a specific piece of equipment. The same part may have been

changed slightly so it has a different part number.

Complete the following statement.

1. The number of a page that contains specific information in a

TO may be found in the TO's

Frame 23

Once you know Cie number of the TO that you are looking for, you
can remove it from the TO file. The first thing that you check is the

basic date of the TO. The basic date is in the lower right hand corner

of the title page. This data should match the basic date that is given

to the right of the title of the TO in the index. If the two dates do

not match then the TO or the index are not up-to-date. Also, if the

change date that is given to the right of the title in the index does
not match the change date on the TO, then one or the other of the TOs

are not up-to-date. The change date of a TO is found in the lower
right hand corner of the TO title page, directly below the basic date.

Complete the following statement.

1. The chang' date of a TO is found to the

of the title of the TO in the index.

55s
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Answers to Frame 21: 1. T 2. F

Answer to Frame 22: 1. table of contents

Answer to Frame 23: 1. right

Frame 24

In all TOs there is an "A" page which is on the back side of the

title page. The "A" page is titled "List of Effective Pages". The "A"

page lists all the pages in the TO. This page tells you the pages of

the TO that have been changed and the pages that are original (have not

been changed).

NO RESPONSE REQUIRED

Frame 25

The table of contents tells the reader what is found inside the

TO, by page number. To look up some information in a TO you have to

look in the "Table of Contents" first. In the "Table of Contents" you

can find the pagc number for the information you need. By turning to

that page you do not have to thumb through the TO to find what you are

looking tor.

Answer the following question.

1. When looking for information in a TO the first place you look

is in the

a. table of contents.

b. index.

c. parts listing.

d. list of effective pages.
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Frame 26

When you know what page the information you need is on, you can
turn right to it. This saves time and speeds up maintenance on equipment.

NO RESPONSE REQUIRED

Frame 27

Another kind of TO you will be using is the Illustrated Parts
Breakdown (IPB), (-4). This manual lists all the parts used on an
aircraft by nomenclature (name and description) and part number. This
information is used to order replacement parts. It can be helpful in
shoaling locations of parts on an aircraft: This is not the main use,
but it is very important. This manual also coniains an exploded view
of all the parts that make up a major assembly. The IPB (-4) tells
how many of each part are on an assembly. There will be code letters
or numbers to let you know which aircraft use the parts. In the
following frames you will learn how to use the IPB.

Answer the statements below as true (T) or false (F).

1. The information in the IPB is used only by supply.

2. The IPB is used primarily for ordering replacement parts.

3. From the information in the IPB you can find out which parts
may be used on a specific aircraft.

5G0
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Answer to Frame 24: No Response Required

Answer to Frame 25: 1. a.

Answer to Frame 26: No Response Require3

Answers to Frame 27: 1. F 2. T 3. T

Frame 28

An IPB may be made up of more than one volume. In each of the
volumes the foreword part tells what information is covered in the other
volumes of the IPB (-4). It does this by listing the other volumes of
the 1PB and the system' covered in them.

Answer the statement as true (T) or false (F).

1. There is usually more than one volume to the IPB.

Frame 29

in an IPB the figures are pictures of assemblies on the aircraft.
The figures show exploded views of the parts that make up the assembly.
Parts that are shown in the figures are identified by index numbers.
NOTE: DON'T CONFUSE INDEX NUMBERS WITH TO INDEXES. THEY ARE TWO
DIFFERENT THINGS. Index numbers are the small numbers that aye by
each part shown. Index numbers are used to find the nomenclature
(name and description) of parts used on an assembly. By using the
index number, figure number, and volume number of the IPB, a specific
part can be identified. With each figure there is a parts list. The
parts list has thevyolume, figure, and index numbers, part Lumbers,
nomenclature, units per major ass and usable on codes. The
usable on code tells you the spetific plane the part can be used on

Answer the statements as true (T) or false (F).

1. A part can be identified by using the volume, figure, and
index numbers.

2. Unable on codes tell which aircraft a part may be used on.
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Frame 30

The IPB also contains a num_ ' of all part numbers of parts
used on the srecific aircraft. When just the part number is known, this
Index can be used to find the name and the place Of the part on the
r".rc ft. The numerical index is a list of the part numbers it alphabetical/
Jmorical order. The volume, figure and index numbers, source codes and
repair codes are also listed in the numerical index.

Answer the following question.

1. The numerical index of part numbez3 is a list of the part numbers
.:.

rrame 31

The AFTU Form 22, Technical Order System Publication Improvement and
Reply Report, is used for recommending improvements in TOs. The report
is made to correct errors of a technical nature that prevent proper
performance of maintenance. An improvement rt .,rt is not used to correct
errors of a nontechnical nature. TO 00-5-1, AF Technical Order System
(Section IV), covers in detail the procedures and entries for the
"Technical Order Improvement Reporting System".

Answer the following questions.

1. TO ir.ruvement reports are used for correction of data of what
type?

c. Whdt TO covers procedures and form entries for the Technical
Order Improvement Reporting System?
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Answer to Frame 28: 1. T

A. .!rs to Frame 29: 1. T 2. T

Answer to Frame 30: 1. alphabetical/numerical

Answers to Frame 31: 1. technical 2. 00-5-1

Frame 32

You will be concerned with making
the form. Why just these blocks? The

th-ough 4, 12 and 13 are filled out by
your base. Refer to the AFTO Form 22,

are made as follows:

entries in blocks 5 through 11 of
reason for thi., is that blocks 1
the Quality Contiol °fa... on
figure 1. the block entries

BLOCK 5. Enter the basic date of the TO that appears fmi the title

page.

BLOCK 6. Enter the date of the TO change, if the improvement involves
a page identified with a change late or number.

BLOCK 7. Enter the page or card number which the improvement involves.
When more than one page or card number is involved, enter
only the first number and explain in block 10.

BLOCK 8. Enter the identif.satio of the specific raragraph(s)
affected as it appears on the page involved. Example:

Para 7-109 or A (2).

SLACK 9. Enter the number of the figure (illustration) that is
affected by the imprl 'agent.

Answer the following question.

1. Whir:1 block_ do you fill out on the AFTO Form 22 when making an
improvement report?



Frame 33

Four separate entries are made in Block 10:

1. This Report Concerts. Enter the specific aerospace system when
it is not included in the TO number. Also, if an aerospace system is
not affected, identify the equipment system or ind vidual item of equip-
ment affected.

2. Discrepancy. Enter a short and understandable description of
the TO deficiency.

3. Recommended Change. The change recommended givt: the exact
language that should appear in the corrected technical ord2r. You can
attach additional sheets of paper if needed. The improvement report
number must be shown in the upper right-hand corner of each sheet attached.

4. Reason for Change. Enter the reason for making the improvement
report. Examples. Decrease safety hazards when performing maintenance
or will save X number of man-hours of work when perf .wing maintenance
on a system, etc.

BLOCK II. Enter the signature, office symbol an! telephone
extension of the individual making the report.

Answer the following question.

What are the four separate entries in block 10 of the AFTO Fovm 22?

1. 3.

2. 4.
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Answer to Frame 32: 1. 5 thru 11

Answers to Frame 33: 1. This Report Concerns

2. Discven

3. Recommended Change

4. Reason for Change

Frame 34

The lower section of the AFTO Form 22 is for "Major Common: Action".

A major command uses this section to approve or disapprove the report
and gives the reason for its approval or disapproval. One copy of the

form will be sent to the Quality Control office on your base, you can

then see the action that was taken.

NO RESPONSE REQUIRED

Frame 35

When you make a TO improvement report, you will have to follow the
1.nst uctions in TO 00-.6-1, Air Force Technical Order System. The Quality
Control office will answer iy questions you have on filling out a lb
improvement report.

NO RESPONSE REQUIRED

A:19wvr to Frame 34: No Response Required

APHw(-r to Frame 35: No Response Required
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State the general principles of the technical order system by

of 8 of 10 questions correctly.

Determine procedural instructions contained in time compliance
orders by answering a minimum of 4 of 5 questions correctly.

Identify conditions that would require the initiation of a
order Improvement report with 100% accuracy.

1NTROLUCTIM

4

Let's suppose that one day you reported to work, and your supervisor

pulls you ?.id says... "Airman, we have this problem in the Transient

Alert Section, it seems that the 'President wig flying to Camp David, when for

some reason the aircraft pressurization system malfunctioned, and now the

aircraft will not hold any pressure. I know that you take a great deal of

pride in your job, and are always doing outn'anding work, and following the

technical order to the 'T'. I also realize that you have no experience working
on this tyre of aircraft, but it is very important that we put the best person

available, on the job. I want ygu to know, that I want you to a this job, and

as soon as everything is completed and all the symbols have been cleared you

may go home, and have th rest of the day off; but you will not be allowed to

leave until the job is 1007 complete,"

You acctpt :he responsibility, and go to the base TO library. You walk

into this large room, and all you see, for what seems like miles, is TOs.

Ceiling to floor, and wall to wall of nothing but TOs. You scratch your head

lnd say... "WOW, where dc I begin?" Well, unless you know something about the

TO system and how it works, you could be in for a very logy, day, just trying ty

find the correct TO.

In this lesson we will discuss the 70 system; Time Compliance Technical
Orders (TC10s); and also, how to initiate changes to Ms.

OPP: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 250; DAV - 1
2
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SECTION I

TECHNICAL ORDER SI.STEM

The Air Force has THOUSANDS of pieces of equipment, along with HUNDREDS

of THOUSANDS of TOs. There are five basic types of TOs used in the Air Force.

They are:

1. Indexes

2. Methods and Procedures

3. Technical Manuals

4. Time Compliance Technical Orders (TCTOs)

5. Abbreviated Technical 1rders

All TO numbers, regardless of the type of TO you are using, will contain

at least three or more parts. Each part will be separated by a dash. Example:

1F-111A-06, 00-20-2-2, 1T-38A-6WC-2, 0-1-1-2, 1C-141A-801. The five examples

of TO numbers is an example of the five types of TOs you will be using sometime

in your Air Force career. Some of t'- se TO types you should already be familiar

with.

Compliance with Air Force TOs is mandatory. Technical Order instructions

play a critical role in achieving system and equipment readiness. Let us begin

our lesson on the TO system, by discusssing the five types of TOs Individually.

INDEXES

These 1 , show :he status of all TOs, they provide a means of selecting neecke.

TOs and group TOs pertaining to specific items of equipment. There are two types

of indexes used by the Air Force.

Alphabetical

Numerical

The alphabetical index is ased only when the type of equ;pment knw.,11.

Example: Aircraft, engines, oxygen converters, air conditioning syste,as and etc.

The alphabetical index will refer you to the numerical by givirg you the

category number for the equipment, or the THIRD PART of the numerical index 10

number. For example: If you wanted the Aircraft rumerical index, y.,u would go

to the alphabetical index, look up Aircraft, and across from this subject, you

would find a number 1. Now that you have a number, you can go to a numerical

index, and find the number of 0.2 TO that you need in order to do the maintenance,

or inspection on the aircraft. The main thing to keep arc triad whan using an

alphabetical index is to begin with the largest item that you are going to be

working with, and "whittle" your way down to the actual item you will be working

on. So, the alphabetical index, will refer ycu to the applicable numerical index.

All index TO numbers begin with the number zero (0) by itself, in the fir,A

part. So, whenever you see a number like 0-1-1-2, you can tell by the first part,

that you are looking at an index type TO.

3
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The second part of an index TO nue:Ar identifies if the information in

the index is going to be listed numerically, or alphabetically. Example:

In the TO number 0-1-1-2, the one in the second part identifies this is a

melcrical index, and all the information inside will be listed numerically.

If we were using TO number 0-2-1, the two in the second part would iden ify

this is an alphabetical index. Remember, an 0-2, will refer you to an 0-1.

The third part of an index TO number identifies the TO ce.!gory of

equipment. E-,,ample: In the TO number 0-1-1-2, the one in the trird part,

will identify the TO category. In this case, the number one category, identifies

aircraft. So, by reading the TO numbei, and using what we've already learned,

we would read:

0-1-1-2 0-1-1-2 0-1-1-2

INDEX NUMERICAL AIRCRAFT

0-2-1

ALPHABETICAL

As stated before, all TO numbers must contain, THREE OR MORE pans; out in

our example that we are using (0-1-1-2), has four parts. What does the fourth

part of an index TO number identify? The fourth part identifies a specific

type in a TO category. Example: 0-1-1-2, the two in the fourth part, identifies

BOMBER. On the bottom of this page, you will find a list of index TO numbers,

along with e description of each part.

0-1-1-1, Index - Numerical - Aircraft -

0-1-1-2,

0-1-1-3,

0-1-1-4,

0-1-1-5,

11

11

11

it

11

11

11

11

11

BOMBER

CLRGO

FIGHTER

ATTACK, HELICOPTFR,
OBSERVA. ON, UTILIT.

and TRA

All TO numbers fsuud in the above indexes will begin with the number 1.

Example: In the 0-1-1-1, ALL TO numbers will begin with the number 1, with

no letter to identify the type of aircraft, because this index pertains to

all aircraft, general information. In the 0-1-1-2, the TO numbers will begin

with 1B-identifying Aircraft/Bomber. In index 0-1-1-3, all TO numbers listed

will begin with 1C-identifying Aircraft/Cargo. In the 0-1-1-4, the TO numbers

will begin with 1F-Aircraft/Fighter, in the 0-1-1-5, the TO nwe,ers will begin

with:

4
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1A-Aircraft/Attack

1H-Aircraft/Helicopter

*1L-Aircraft/Observation

111-Aircraft/Utility

1T-Aircraft/Trainer

*Note: I's and 0's are not used in TO numbers to avoid confusion with

Roman Numerials.

0-1-01, All of the numbers found in this index, will begin with a zero

(0). This index, lists all INDEXES in numerical order.

0-1-02, All of the numbers found in this index will begin with a double

zero, (00). These are general information type TOs, and will

be discussed in the next paragraph.

0 -2 -i, All the TOs listed in this index will be listed alphabetically.
This index lists aircraft TO categories. It will refer you to a

numerical index.

0-1-15, All TO numbers in this index will begin with the number 15. It

covers aircraft and missile temperature control, pressurization,
air conditioning, heating, ice elimination, and oxygen equipment

TOs.

METHODS AND PROCEDURES

These TOs establish policies and prescribe procedures relating to such
subjects as the TO System, Preventive Maintenance, Scheduled Inspections,
Maintenance Management, Maintenance Data Collection. Methods and Procedures

TOs are general in content and are not issued against specific equipment or systems.
They usually pertain to things that are in common in a lot of areas. There are

two classes of Methods and Procedures TOs:

Those which involve policies, methods and procedures relating ,o
ground handling of aerospace vehicles, management of precision
measurement devices, and safe use of Air Force equipment.

Those which involve policy, methods and procedures relating to
maintenance management adniniztration, or inspection of Air Force
equipment, and control and use of reparable assets.
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All of the methods and procedures TOs will begin with the number 00
in the first part, and will be listed in the 0-1-02 TO. Some examples of
methods and procedural TOs, are listed below.

00-5-1, Methods and Procedures pertaining to the TO system

00-5-2, 'I
" " " distribution system

00-5-15, " " TCTOs

00-20-1, "
ft " " Preventive Maintenance

Program.

00-20-2, Methods and Procedures pertaining to the Maintenance Data System

00-20-2-2, On Equipment maintenance documentation for aircraft

00-20-2-4, Maintenance Documentation for in-shop engine maintenance

CO-20-2-10, Off-Equipment maintenance documentation for shop work.

00-20-5, Aircraft Drone, and air-launched missile inspections, flight_
reports, and supporting maintenance docuuents.

TECHNICAL MANUALS

These types ft TOs, cover installation, operation, maintenance and handling
of Air Force equipment and material. Complex systems or equipment requiring a
specific type of manual, such as a maintenance manual or a parts breakdown, may
be published in sections. Each section constitutes a separate publication with
a separate TO number. Example: Let's assume the air conditioning system on the
B-52B aircraft is so complex, that it needed to be placed into two separate
sections. The Embli.;her could divide the maintenance manual or Illustrated Parts
Breakdown (IPB) into two sections. One section pertains to "Hot air distribution",
while the other section pertains to the "Cold air distribution." Because these

TOs are divided, it now requires that each section will be listed as a separate
publicaticn, with a separate TO number assigned tc each one.

The title and TO number would be similar to this:

"Maintenance Instructions, Hot air distribution, Air Conditioninl System
B-52B aircraft." TO #1B-52B-2-6-1

"Maintenance Instructions, Cold air distribution, Air Conditioning System
B-52B aircraft." TO #1B-52B-2-6-2

Ir the publisher decided to separate a complex system in an Illustrated
Parts Breakdown (IPB) TO, it would be similar to the example above, only
pertaining to the IPB.

6
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"IlluJtrated Parts Breakdown, Hot air distribution, Air Conditioning

System B-52B aircraft" PO #1B-52B-4-6-1

"qiustrated Parts Breakdown, Cold air distribution, Air Conditioning

System B-52B aircraft." TO #1B-52B-4-6-2

Note: SEE TO NUMBER BREAKDOWN ON PAGES 8 & 9.

1 B - 52 B

TO Category. 1 identifies AIRCRAFT

Type of aircraft. B identifies BOMBER

Aircraft MODEL

2

Aircraft SERIES of this model

Kind of TO. -2 pertains to "MAINTENANCE INSTRUCTIONS"

System TO covers. -6 identifies AIR CONDITIONING SYSTEM

Section of a sectionalized TO, or Volume of TO. -1 pertains to the

"Hot air distribution system"

Section of a sectionalized TO, or Volume of TO. -2, pertains to the

"Cold air distribution system"

TO NUMBER BREAKDOWN

7
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TO Category. 1 identifies AIRCRAFT_

1 B 52 B

Type of aircraft. B identifies BOMBER

Aircraft MODEL

4 6

Aircraft SERIES of this model

Kind of TO. -4 pertains to "II'AISTRATED PARTS BREAKDOWN (IPB)"

System TO covers. -6 identifies AIR CONDITIONING SYSTEM

Section of a sectionalized TO, or Volume of TO. -1 pertains to the

"Hot air distribution system"

1 B - 52 B 4 - 6

Sect.ion of a sectionalized 10, or Volume of TO. -2, pertains to the

"Cold air distribution system"

TIME COMPLIANCE TECHNICAL ORDERS (TCTOs)

The TCTO is the authorized method of directing and providing instructions
for modifying equipment, other than temporary modifications, and performing' or
initially establisLiog a one time inspection. You can identify a IMO number
because the third part of the number will always be 501 or higher. Examrle:
1C-141A-801. The degree of urgen'-y is indicated by specifying when compliance
is to be completed.
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The five types of TCTOs are:

IMMEDIATE ACTION

URGENT ACTION

ROUTINE ACTION

INTERIM

RECORDS

IMMEDIATE ACTION TCTOs are issued under the governing factors of safety

conditions, the uncorrected existence of which, could result in fatal or serious
injury to personnel or extensive dailage to, or destruction of, valuable property.
Such conditions involve risks which are intolerable.

The urgency of these TCTOs requires IMMEDIATE ACTION to ground aircraft,
prevent launch of missiles, discontinue operation of ground support equipment,
personal equipment, or munitions. When possible, methods for condition
correction are included in IMMEDIATE ACTION TCTOs.

The words IMMEDIATE ACTION are printed in red at the top of the first page
with a border of red Xs included around the first page. In addition to providing
distinctive identificatior, the red Xs correspond to the symbol used on
maintenance forms.

Because of their urgency, puilication and distribution of IMMEDIATE AM ON
TCTOs are placed on a high-priority basis and commanders shall ensure they are
distributed to all affected personnel within four hours after receipt.

URGENT ACTION TCTOs are issued under the governing factors of combat
necessity or potentially hazardous conditions, which could result in injury
to personnel, damage to valuable property, or unacceptable reductions in combat
efficiency. Such conditions compromise safety or involve risks which are
calculated to be tolerable only within definite time limits.

The urgency of these TCTOs requires compliance within specified time
limits. If not complied with by expiration of time limit, these TCTOs require
action to ground aircraft, discontinue use ef air-launched missiles, prevent
launch of missiles or discontinue operation of ground communications, electronics,
meterological equipment, or use of support equipment, personal equipment,
materials or munitions.

The words URGENT ACTION TCTO are printed in red at the top center of
the first page and a series of red diagonals alternately spaced with circled
red Xs are printer' round the border of the first page. In addition to providing
distinctive ident.,_Ication, the red diagonals and circled red Xs correspond to
the symbol used on maintenance forms. When the URGENT ACTION IC'I() is received,
all applicable maintenance forms for the equipment that the TCTO applies to,
will have a red diagonal pleced in the symbol block, with a statement identifying
that an URGENT ACTION TCTO is due. When the specified time limit has expired,
a circled red X will replace the red diagonal symbol.

9
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Because of their urgency, commanders shall ensure that distribution is

made to all affected personnel as spicklx as possible.

ROUTINE ACTION TCTOs are issued for conditions which involv a degree of

risk calculated to be tolerable within broad time limits. GoveLning factors

are equipment or procedural deficiencies of material mechanical operational, or

tactical nature, the uncorrected existence of which could:

Constitute a hazard through prolonged usage, or

Have a negative effect on operational efficiency, or

Reduce operational life or general service utilization of ,4"stems
or equipment.

Depending on the degree of the factor(s) involved will determine which
symbol(s) will be used on the maintenance documents. NOTE: The circled red X

is used for the URGENT ACTION TCTO only

ROUTINE ACTION TCTOs are issued td authorize accomplishment, ax,d record
one-time Air Force requirements like inspections, modifications, etc, which are
not available at the time of original manufacture.

The "time limits" mentioned in the URGENT, and ROUTINE ACTION TCTOs, will be II)
identified on the first page of the applicable TCTO.

There are two other types of TCTOs, which are INTERIM an RECORD TCTOs.

When circumstances preclude the timely publication of emergency instructions in
printed form, they are issued by means of teletype, telegrams, radiogram, or
air mail and are called "interims." These are used when the Air Force belives

that the action required is important enough, that time is of the essence, so,
instead of taking the additional time required to publish an IMMEDIATE., or rR(TN1

ACTION TCTO, begin checking your systems or equipment NOW Action conies of

interim TCTOs will be transmitted to the headquarters of the using command for

equipment affected.

The record TCTOs, do not contain step-by-step instructions _n the "How work
is to be accomplished" paragraph. Instead, they tabulate the equipment d:teeted,
index necessary installation drawings and Instructions, and list required 1,ar.s
which are provided by kits. Symbol entries are not required in maintenance form,.
for record TCTOs. Distinguisling red markings on the firFt page are not requircfrl
for record TCTOs, but all other aspects of the record TCTO will contain the same
information and support as do other TCTOs.

10
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The information included in all TCTOs is

by whom the work will be accomplished

when the work will be done

form entries required

other TOs that are affected

recission date of TO

purpose of TCTO

how work is to be accomplished (except record action TCTOs)

equipment that the TCTO applies to.

ABBREVIATED TOs

These TOs are primarily work simplication devices. The following type are

abbreviated TOs:

Inspection Workcards (WC), which prescribe the minimum
inspection requirements for performing an inspection.

Inspection sequence charts, which :..re provided primarily for
scheduled inspections and describe a basic planned work schedule
or sequence in which the inspection workcards can be used.

Checklists (CL), which provide lists of items in abbreviated form
for use in performing various tasks or operations in the sequence
deemed most practice', to ascertain operational readiness of
equipment and minimum serviceable condition. A checklist may be

published when one or mot. of the following conditions exist:

Whe-, the steps must be followed in sequence to eliminate
damage to equipment which would reduce operational readiness
or cause the equipment to fail.

To preclude potential injury to personnel and/or damage to
equipment unless prescribed sequence time phased procedures
are followed.

When interaction or communication between two or more
differing specialty skills are involved in accomplishing
a function.

Abbreviated TOs, are TOs that have been put in an outline form, with the
11111 information from a larger TO. The abbreviated TOs are easier to use, but only

list the MINIMUM that is required.
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SECTION II

CHANGES TO TECHNICAL ORDERS

In other lessons you've heard the word "CHANGE," in reference to

TOs. I suppose that maybe you've been wondering what we've been meaning, and

WHO does these "changing of TOs." Well, now we are going to discuss "CHANGES"

to the various types of TOs, along with who does it, how they do it, why they

do it, and maybe some other questions that you may have.

First of ail, I'd like to ask YOU a question. Who uses TOs 9 I hope

that your answer was something likeTrioll AND I," because WE are the ones who

submit these changes. The Air Force spends millions of dollars to help us to

be more productive, and perform the best possible maintenance. They will go

to great heights to make our jobs better and easier. You see, they want us to

use these "books," and they know we won't use them if we can't understand, and

follow them properly. The Air Force developed a form for us to use so we can

submit these changes, that we feel will help us to do better w.rk. This form is

AFTO Form 22, Technical Order System Improvement Report. A TO improvement report

is a recommendation for a specific TO improvement, correction of an error or
omission, of a TECHNICAL NATURE, which prevents the adequate performance of

functions required for mission accomplishment.

The correction of minor errors of a NON-TECHNICAL NATURE, will not be

recommended on an improvement report unless it Effects the meaning of instructive

information or procedures. Instead, recommendations for corrections of minor

errors should be by letter, message or telecon.

Each recommendation for improvement must be evaluated individually, therefore,

only one improvement will be recommended on each AFTO Form 22.

When to submit improvement reports? Well, any person discovering a condition

requiring a change to a TO will submit an improvement report. Emergency reports

will be initiated and submitted immediately after discovery of the condition;

Urgent reports on an AS QUICKU AS POSSIBLE basis; routine reports AS SOON AS

PRACTICABLE.

The supervisor, of the person submitting an improvement report will determine

if the report is valid and warrants the "CO AHEAD" to submit it, and will sign the

form. The supervisor will insure the initiator's signature is on the form. All

copies of reports determined valid will be forwarded to the responsible Quality

Control (QC), Quality Assurance (QA) or other responsible organization for review

and approval.

Supervisors and QC/QA, should use the following guide.

- Check for completeness and accuracy

- Verify that the AFTO Form 22 is the proper method of reporting.

DO NOT submit reports .or deficiencies that are not of a TECHNICAL

NATURE.

12
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- Check the TO 'A' page of the applicable TO index, to ensure
the TO is current.

- Consider the impact on other TOs.

- Determine it change is essential.

- To the best of your ability, ensure the recommeded change is

comprehensive and in the exact language it should appear in the
corrected TO.

- Ensure there is adequate explanation why the change is necessary;
that is, mission essential, work stoppage, number of excessive
manhours to do the task, impact if change not made, time lost now,
saved if TO changed, and safety implications.

As you can see, the Air Force doesn't change TOs just to change. There are
a lot of complications in order io get a TO changed, but if no one tries, it
will never get done. If you feel that the TOs you are using requires a change,
because of safety or for some technical reason, discuss it with your supervisor.
It could save a life

13
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Environmental/Pneudraulic Branch

Chanute AFB, Illinois

TECHNICAL MANUALS

OBJECTIVE

C3ABR42331-WB-302

28 June 1984

Using applicable technical manuals, locate selected items of information
for performing maintenance with a maximum of four instructor assists.

EQUIPMENT

Training Technical Order File

PROCEDURE

This workbook is arranged in three parts. Each part must be completed
in order before going to the next one. Whin you finish, give the workbook
to the instructor for grading.

Part 1

INSTRUCTIONS

Read the statement b °low and look up the information that is needed to
answer the questions.

You are working on a 25 liter capacity, liquid oxygen converter. The
part number of the converter is 21119-1. The TO needed to overhaul the
converter is 15X2-3-4-3. Sign it out from the TO file.

Note: Remember, there may be more than one TO in a }ender. Be
sure to check the "from" and "thru" numbers on the binder label.

1. The basic date of the TO for the converter is

2. Has the TO been changed?

3. Overhaul instructions start on page of TO

4. Are any special tools required to overhaul the converter?

5. Inspection of the 25 liter oxygen converter is covered in section

, page , of the TO.

IrtiiFiides ST C3AER42331 -302, 19 September 1983.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG /TTGU -P - 300; DAV - 1

Designed for ATC Course Use. Do Not Use on the Job.
1

579



Part 2

INSTRUCTIONS

Read the statements below and take from the TO file the TO that
is needed or used in each situation. Answer the questions about each
situation.

Using TO 15 x 2-2-5-13, answer the following questions:

1. How many pages are in this TO':

2. What is the title of section four of this TO?

3. What type of lubrication is used when overhauling a converter?

4. When performing a pressure test on the converter, should the vent
relief port be capped during the final assembly pressure test?

5. When performing the calibration test of the sensing element, what TO is used
as a reference for alternate test procedures?

6. What page shows an illustration of a "25-Liter Liquid Oxygen Converter?"

Using TO IF-111A-2-2-1, answer the following questions:

1. On page 5-2, Figure 5-2, there is an illustration of the "Canopy Hatch
System." What do the miniature pointing hands identify, and where did you
find the answer to this question?

2. How many pages are in this TO?

3. What is the title of Figure 12-14?

4. In the description of Aircraft Smoothness, when is full compliance
with the requirements of this section not necessary?

Using TO IF-4C-4-3 to answer the following questions:

1. Use the information on the title page to answer the following questions:

a. The title is:

b. The basic date is:

c. Has this TO been chalged? Yes No

2
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2. Turn to the forward section. The forward gives information as to what systems
are covered in the IPB. Supply the missine, information.

a. Instrument systems are in TO

b. Aerospace support equipment is tested in TO

c. The numerical index of part numoers is TO

3. The next part of the IPB is the "Table of Contents." The first column on the
left side in the Tahl- of Contents is the section column. The next column
to the right is the VOLUME, and FIGURE numbers column. The third column is
the TITLE OF ASSEMBLIES column. The fourth column is the VOLUME AND PAGE
NUMBER.

a. The "cabin and pressure suit refrigeration unit assembly" for
the F-4 C/D are shown in Figure on page

4. Turn to section II, "Group Assembly parts list." In this section illustrations
show exploded views of the major assemblies. Locate the first illustration
in this section, Figure 3-1. We are using volume 3 of the IPS, that is why
all figure and page numbers start with a 3. Referring to the illustration, the
assembly is called an "outer wing leading edge boundary layer control chamber
illustration." On the aircraft in the illustration there are two darkened-in
areas. These show the locations of the group assembly on the aircraft. The
numbers on the illustrations are called INDEX NUMBERS. These will help you to
identify any ptrt of the group assembly. The third column lists the aircraft
serial number that the part can be used on.

a. The title of section II is

b. The darkened in areas on the aircraft in the illustraticn shows the

c. The numbers on the illustration are called

5. On page 3-3 there is a parts list for figure 3-1. The parts list has five
columns. The first column has the volume, figure, and index numbers. Find
volume number 3, figure number 1 and index number 6 in the first column.
Look across to the right from index number 6, you will find the part number
in the second column. The third column has the descriptions of the index
numbers. The fourth column tells you how many units (items) per assemoly.
The last column is the "usable on code" column. This code will tell you the
specific aircraft on which an item can be used plus all models and series of
this aircraft. At the end of the parts list, on page 3-5, there is a des-
cription of usable on codes. The second column lists the specific model of
aircraft. The third column lists the aircraft serial number that
the part can be used on.
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Provide the missing information.

a. What is the description (name) of index number 6 in figure 3-1?

b. The usable on codes are found in which column of the parts list for

figure 3-1?

page?

c. The part number of the part identified by index number 6 is

. On which

d. What is the usable on code for an F-4 aircraft serial number 64-928?

you find the code?

. On which page did

(1) In which TO would you find information on the following?

(a) Pressurization System
(b) Ejection Seats
(c) Vendor Support Equipment
(d) Master Introduction

(2) What is the Change Number on page 3-439?

(3) What is the date of Change Number 13?

(4) On which figure would you find the Windshield Rain Removal Equipment
Installation?

(5) Using figure 3-57 what is the part number for the cylinder assembly?

(6) Using the same figure and part number, what model aircraft can this
part be used for?

(7) What did change 30 do to pages 3-442 and 3-443?

(8) Using figure 3-126, what is the nomenclature for index number 10?

(9) Using figure 3-129, what volume and figure number would you use for
the Unit-Power Steering parts breakdown?

(10) The Group Assembly Parts List begins on what page?

582
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(11) On page 3-111 is the beginning of the

Systems.

(12) Using figure 3-1 index 36, what does the symbol 0 mean for part

number NAS1021C3?

(13) Using figure 3-43, index 6 has how many units for assembly?

(14) On figure 3-42 index 8, what kind of material is used for part

number 32-69349-2057?

6. There is another way of using the illustrated parts breakdown. The foreword
of TO 1F-4C-4-3 lists TO 1F-4C-4-7 as an index. This is a numerical index
of all part numbers of parts used on the F-4C and F-4D aircraft. When only
the part number of a component is known, TO 1F-4C-4-7 is used to find the
name and location of the component. Assume you have a part number 2389-48
and you know that the part is for the F-4D aircraft.

a. List the TO number for the numerical index of part numbers for the
F-4C and F-4D aircraft.

7. Sign out TO 1F-4C-4-7 from the TO file. Open the TO to the "table of
contents." The table of contents lists three sections. Section I is the
introduction which explains how-to use the -4 (IPB). Section 11 is the
numerical index. This is the section you will use. Turn to page 2-1 where
the numerical index starts. Turn to page 2-2. The three columns are divided
into four smaller columns. The first lists the part numbers in alphabetical/
numerical order. The second column lists the volume, figure and index numbers.
The third and fourth columns list the source codes and repair codes.

Answer the following questions.

a. In which of the F-4 aircraft TOs is the numerical listing of part

numbers found? . On which page?

b. How are part numbers arranged in this listing?

8. Find part number 2389-48 in the numerical listing of TO 1F-4C-4-7. Start
at the top and continue down each part number column until you find 2389-48.
To assist you in finding this number start on page . Ic you do not find
it, ask your instructor for assistance.

a. List the volume, figure and index number for this component.

5
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9. Locate in the TO file TO 1F-4C-4-3. Turn to the figure that is given in the
numerical listing. Check to see if the part number in the numerical index
listing matches the part number listed in the volume you are using. If the
part numbers do not match, refer back to TO 1F-4C-4-7 and recheck the volume,
figure and index numbers for part number 2389-48.

Answer the following questions.

a. What is the volume and figure you are using?

b. What is the title of this figure?

c. What is the description for the index number that ycu are referred

to?

d. How many units per assembly?

e. What is the usable on code?

f. Which F-4D aircraft is the part used on?

10. Have your instructor check your answers for the entire workbook.

584
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Technical Training

Aircraft Environmental Systems Mechanic
Avionics Instrument System Specialist

AIRCRAFT HARDWARE

7 August 1981

iz

* *
4.111Sr

(

1;1

CHANUTE TECHNICAL TRAINING CENTER (ATC)
3370 Technical Training Group

Chanute Air Force Base, Illinois

DESIGNED FOR ATC COURSE USE

PROGRAMMED TEXT
3ABP42331- PT -303A

3ABR32531-PT-107

DO NOT USE ON THE JOB
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OBJECTIVES

At the completion of this programmed text, you should be able to

complete the following objectives:

1. Using a hardware trainer or illustration, match bolts to

their nomenclature. 75% accuracy is required.

2. Using a hardware trainer or illustration, match screws to

their nomenclature. 75% accuracy is required.

3. Using a hardware trainer or illustration, match nuts and/or

washers to their nomenclature. Four of six must be correctly matched.

4. Using a hardware trainer or illustration, match AN fittings

to their nomenclature. 75% accuracy is required.

5. Without the aid of references, match aircraft tubing and

hose to their purpose. 75% accuracy is required.

6. Using display boxes containing items of aircraft hardware,
relate each item's number to its proper use with 80% accuracy.

INSTRUCTIONS

This text is presented in small steps called "frames." After each
frame you are to select the correct statements, choose either TRUE or

FALSE, or match names of items to nomenclature. All answers will be

made on provided answer sheets, NOT IN THIS PT. After answering the

questions compare your answers with the correct ones found at the bottom

of the following page. If your answer is correct, go to the next frame.

If your answer was wrong, read the frame again and see how the correct

response is derived. READ VERY CAREFULLY AND DO NOT HURRY. This programmed

text was designed for two courses, Aircraft Environmental Systems Mechanic,

and Avionics Instrument System Sepcialist, Due to the difference of the

instructional material of each course ENVIRONMENTAL SYSTEMS COURSE DO NOT

USE FRAMES 48, 49, AND 50. When you come to the end of the text, be sure

to use the terminal frame designed for your course. Pneudraulics use

terminal Frame 51, Instrument 51A and Environmental 51B. Proceed to

Frame 1 at the top of the next page and begin.

Supersedes 3ABR42231-PT-303A, 3ABR32531-PT-107, 3ABR42132-PT-110A,

8 April 1976, which may be used until present stock is exhausted.

OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 500; DAV - 1
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Frame 1

Most bolts used in aircraft structures are clatsed as general

purpose, AN (Army-Navy), NAS (Natiunal Aircraft Standard), or MS

(Military Standard) bolts. These bolts are made of aluminum alloy
where lightness is needed, or of steel when strength is needed.
Before going any further, study the terms and their definitions.
They will help y'-u understand why so many different types of bolts

are ne,...:essary in the Air Force.

1. STRAIN - Strain is the deformation of a material when
some force is applied to it. Just as you can strain a muscle by
trying to lift a heavy weight, a bolt _an be strained by being over

tightened.

2. STRESS - Stress is a result of strain. When a bolt is
being strained, it tries to resist the forces that cause the strain.
Stress is measured in pounds per squc.re inch (PSI).

3. TENSION - Tension is the act or action of stretching.
Tension is also a type of stress which occurs when a bolt is elongated

or stretched in a straight line.

4. SHEAR - Shear is an action or stress which causes a material

to slide in a parallel plane. Shear occurs when force is applied

to a bolt from opposite sides. (Think of how paper is cut with a

pair of scissors.)

5. TENSILE STRENGTH - Tensile strength is a measure of the
amount of stretch or elongation a bolt can stand and not tear apart.
(Think of this as resistance to stretching or a s'iLght line pull.)

6. SHEAR STRENGTH - Shear strength is a me7.sure of the amount
of side pressure a bolt can stand and not break in two. (Think of

his as resistance to side pressure.)

Force in this direction causes SHEAR STRESS.
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Frame 1 (Cont'd)

Force in this direction causes TENSILE STRESS.

Identify the type of stress being applied to each bolt.

l. Tensile.

2. Shear.

A. B.
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Frame 2

Three general types of bolts are: standard aircraft bolts,
clevis bolts, and eyebolts.

Standard aircraft bolts (machine bolte) are all-purpose struc-
tural bolts used for general applications involving tension or shear

loads. These bolts may or may not have a holed drilled in the shank
or head; sometimes, both the head and the shank are drilled. The

drilled hole in the head of the bolt is used when the bolt must be
safety wired. The hole in the bolt shank is used when the nut must
be secured by a cotter pin to keep it from turning or working loose.

STANDARD AIRCRAFT MACHINE BOLT

Answer the statements as true (T) or false (F).

1. Standard aircraft machine bolts sometimes have drilled
shanks.

2. Standard aircraft machine bolts may not be used with safety
wire.

Answers to Frame 1: 1. B, 2. A

5
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Frame 3

The size of a bolt is determined by the diameter of the shank.
The size wrench to use on it is determined by the distance across
the flat part of the head. The length of a bolt is measured from
below the head to the end of the threads. The grip length of a
bolt is the unthreaded part of the shank.

Match the names of the different parts of the bolt with the
letters.

1. Diameter.

2. Length.

3. Grip.

4. Head (Wrench Size).

Answers to Frame 2: 1. T, 2. F

6
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Frame 4

The grip length of a bolt should equal the thickness of the material
it passes through. The threads should not bear on the material nor
should the grip extend beyond the outer surface of the material.

Ansuer ne statements as true (T) or false (F).

1. A bolt with a 1 inch grip length may be used to hold two
pieces of 1/2 inch material together.

2. A bolt with a 1 inch grip length may be used to hold two
pieces o: 1/4 inch material together.

Answers to Frame 3: 1. a, 2. c, 3. b, 4. d

7
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Frame 5

Close-tolerance hex head bolts are used where the bolted joint
is subject to severe load reversals and vibration. The sham. of
this type bolt has a very accurate diameter (close-tolerance) which
permits a very close fit in a close-tolerance hole. These bolts
are available as tensile bolts with drilled heads or drilled shanks,
and as shear bolts with or without a cotter pin hole.

HEX HEAD, CLOSE-TOLERANCE TENSILE BOLT CLOSE-TOLERANCE SHEAR BOLT

Clevis bolts are made of steel and are used is applications
subject to shearing stress only, such as is shown in the illustration
below. Note that the force exerted on the bolt is crosswise on the
shank. Clevis bolts are also used as mechanical pins in control
systems.

Answer the question.

1. Which bolt is used where resistance to shear is needed?

a. Clevis bolt

b. Plain head aircraft bolt

c. Drilled head aircraft bolt

d. Eyebolt

Answers to Frame 4: 1. T, 2. F

8
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Eyebolts are used to carry external tension loads for the attach-
ment of devices such as the fork of a turnbuckle, a clevis, or a
cable shackle.

Match the illustrations to the correct name listed in the column
on the right.

1.

2.

3.

Answer to Frame 5: 1. a

9 593

a. Standard Aircraft Bolt

b. Eyebolt

c. External Wrenching Bolt

d. Clevis Bolt



Frame 7

Internal wrenching bolts are high stren&th steel bolts used in
tension applications like bolting the wing on to the fuselage. The
bolt hole must be countersunk to seat the larger corner radius of
the shank at the head. If the bolt hole is not countersunk a
special heat-treated washer must be used to fit the head and to
provide a good bearing area. A special plain washer, also heat-
treated, it., used under the nut which is also a special nut for use
with these bolts.

The external wrenching bolt has a 12-point head. This bolt
has greater fatigue resistance and tensile strength, than conven-
tional bolts.

Is the statement TRUE or FALSE?

1. An internal wrenching bolt may be used with any type of
nut.

Answers to Frame 6: 1. d, 2. a, 3. b

10
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Frame 8

Match the illustrations to the correct name listed in the column
on the right.

1.

2.

3.

4.

r

Answer to Frame 7: 1. FALSE

11

a. Standard Aircraft Bolt

b. Eyebolt

c. External Wrenching Bolt

d. Clevis Bolt
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Frame 9

Bolt heads are marked with a code to identify their physical
characteristics and materials. Steel bolts are marked with an
asterisk (*), letters from A to Z, or numbers from 0 to 9, or any
combination of letters, numbers, and an asterisk.

0 XSTEEL DOLT

Aluminum bolts are marked with raised or recessed dashes on
opposite sides of the head.

ALUMINUM ALLOY DOLT

Steel and aluminum close-tolerance bolts are identified by a
raised or recessed triangle on toi, of the head.

CLOSE TOLERANCE DOLT

Corrosion resistant steel bolts are identified by a sin6le
raised or recessed dash on top of the head.

CORROSION RESISTANT
STEEL SOLT

Some bolts may .Lave a combination of materials or other char-
acteristics, and are identified as shown.

CLOSE TOLERANCE
ALUMINUM ALLOY BOLT

CLOSE TOLERANCE
STEEL SOLT

CLOSE TOLERANCE
CORROSION RESISTANT
STEEL BOLT

Answers to Frame 8: 1. d, 2. a, 3. b, 4. c

12
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left.

Frame 9 (Cont'd)

Match the bolts by identifying marks with the statemehts on the

1. Close Tolerance Aluminum Bolt

2. Steel Bolt

3. Corrosion Resistant Steel Bolt

4. Aluminum Bolt

5. Close Tolerar = Bolt

597
13

a.

b.

c.

d.

e.

f.



Frame 10

Screws are the most common type of fasteners used on aircraft.
They differ from bolts mainly by having a lower material strength
and a loose thread fit. The different types of screws have various
type of slots or recesses. For each type of screw a particular type
of screwdriver is used. To prevent damaging the screw head and
the screwdriver, always use a screwdriver that will match the slot.

NO RESPONSE REQUIRED

Answers to Frame 9: 1. d, 2. c, 3. e, 4. b, 5. a

14
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Frame 11

Flathead machine screws are used in countersunk holes where a

flush surface is desired. These screws have various types of screw-

driver slots. Such as; the Phillips, the Reed and Prince (crosspoints)
and the common slot. To recognize the Reed and Prince, look for the
square cut corners of the screw slot and the sharp point of the

screwdriver. The Phillips screw slot is larger with curved corners

and the screwdriver point is blunt.

011111111111111111111111
4)11.1111.1.404 CAD

PHILLIPS TYPE

PEED 4 PRINCE MEAD

REED & PRINCE TYPE

General purpose roundhead machine screws, like flathead machine
screws, are made from different materials. They may have coarse or
fine threads and slotted or recessed heads. Brass roundhead machine
screws, with a slotted head are for electrical use only.

lommimmimm

411111111111111111111111

Answer to Frame 10: None Required

15
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Frame 11 (Cont'd)

Answer the questions, by supplying the information required,
or by indicating TRUE or FALSE.

1. A flathead machine screw is used in a
hole where a flush surface is required.

2. A brass roundhead machine screw is designed for general
purpose use.

16
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Frame 12

Fillister head machine screws are used as general purpose screws.
The head are usually drilled for safety wire. Fillister head screws
are made of steel and brass, and have coarse or fine threads.

LTD
Emu] IF=111=1]

The washer head screw, while not a machine screw, is used in
much the same way that structural bolts and rivets are used. These

screws have a high tensile strength and differ from structural bolts
only in the type of head.

HIIIIIIIIIIIIIIIIII
WASHER HEAD SCREW

Complete the statement.

1. The type of screw which has a drilled head, for safety-
wiring, is the

a. washer head screw.

b. flathead machine screw.

c. fillister head machine screw.

d. roundhead machine screw.

OAnswers to Frame 11: 1. countersunk, 2. FALSE

17
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Frame 13

Self-tappinz screws tap own threads. The screw should
be used in untapped or punched hcl.s slightly smaller than the out-
side diameter of the screws.

Self-tapping abeet retal screws are used for attaching sheet
metal for riveting and fsr permanent assembly of nonstructural assemblies.
Sheet metal screws are hareened for use on steel or aluminum sheets.
They may also be used on plastic.

IN DRILLED
OR CLEAN
PUNCHED
HOLES

00

IN PIERCE
PUNCHED
HOLES

IN CUT
COUNTEr'SUNK
HOLES

Using Shoot Metal Screws

Is the following statement TRUE or FALSE?

IN CASTINGS
PLASTICS,
ETC

IN CLEARANCE
HOLES OF
LINE CLAMPS,
FAIRLEADS, ETC

1. In a permanent installation, sheet metal screws must be
used in tapped holes -r with self-locking nuts.

Ammer to Frame 12: 1. c
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Frame 14

Drive screws are self-tapping screws used to attach nameplates
to castings. The screws are also used to seal drain holes in flat
structures. They differ from other self-tapping screws in that the
heads are not formed to fit screwdrivers. They are not designed
to be removed after installation. Drive screws are installed 1,
driving the screw into a hole with a hammer.

ROUNDHEAD DPWE SCREW

Complete the statement.

1. The correct too: for installing a drive screw is

a. Phillips screwdriver.

b. Reed and Prince screwdriver.

c. common screwdriver.

d. hammer.

Answer to Frame 13: 1. FALSE
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Frame 15

Match the screws with the correct nomenclature.

1. Machine Screw, Flathead.

2. Machine Screw, Fillister Head.

3. Self-Tapping Sheet Metal Screw.

4. Drive Screw.

Answer to Frame 14: 1. d

d

20

b

a
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Frame 16

Quick release fasteners are used on aircraft access panels,
plates, etc. where quick or frequent access is necessary. The two

types of fasteners are the turnlock (Dzus) and Camlock. The ad-
vantage of these fasteners is that one-quarter turn locks or unlocks

them.

Turrlock fasteners (see illustration "A") are made to be used
on cowling (engine covering) and access doors, where there is no
structural stress required.

Camlock fasters (see illustration "B") are of high strength
and are used in some areas on access panels and doors where some
stress is required.

TURNLOCt FASTENER

"A"

OUTER MEMBER

STUD ASSEMBLY

GROMMET

GROMMET
RETAINING
RING

RIVET

INNER
MEMBER

RECEPTACLE

CAMLOC FASTENER
MBU

Answer the statements as true (T) or false (F).

1. Fasteners are used where frequent and quick accesses are
required.

2. Turnlock fasteners can carry high structural stresses.

Answers to Frame 15: 1. c, 2. b, 3. d, 4. a

21
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Frame 17

Select the correct answer.

1. What type of screw is used to attach panels to aircraft
where there is a threaded hole in the aircraft?

a. Machine screw

b. Drive screw

c. Sheet metal screw

d. Crosspoint screw

2. The type of machine screw which has a drilled head for
securing safety wire is the

a. flathead machine screw.

b. washer head structural screw.

c. roundhead machine screw.

d. fillister head machine screw.

3. For quick access panels, cowling and plates are secured
to the aircraft with

a. flathead machine screws.

' b. sheet metal screws.

c. fasteners.

d. fillister head machine screws.

4. A screw that has high tensile strength and is used in the
primary structure of aircraft is the

a. sheet metal screw.

b. drive screw.

c. crosspoint screw.

d. washer head screw.

Answers to Frame 16: 1. T, 2. F
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Frame 18

The more common forms of screw threads are known as unified
national and American national taper pipe thread. Unified national
screws are made with coarse, fine, and extra fine threads. See

the illustration below.

Screw Thread Forms.

0 UNIFIED NATIONAL SCREW THREAD

® AMERICAN NATIONAL TAPER PIPE THREAD

Answer tne following TRUE or FALSE,

1. The unified national screw thread has a taper.

Answers to Frame 17: 1. a, 2. d, 3. c, 4. d

23
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Frame 19

Plain nuts are not self-locking. When these nuts are used,
they shall be locked with some type of locking device. The device
can be a checknut or lockwasher.

Safetying by Use of Nuts.

CHECK NUT
PLAIN NUT

1.AIN WASNtil

A checknut is a type of plain nut used to lock a plain nut.
They are also used as lockir.g devices for set screws and threaded
rod ends. Shown are two ways checknuts are used. Study the il-
lustrations above and below. Checknuts are thinner than plain nuts.

Is the following statement TRUE or FALSE?

1. An alternate method of locking (safetying) a nonself-locking
plain nut is through the use of safety wire.

Cid K NOT1=== 0=le

Answer to Frame 18: 1. FALSE
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Castellated nuts are used on drilled shank bolts, clevis bolts,
and drilled head studs. These nuts can be secured with cotter pins
or safety wire. The multiple slot arrangement permits ?roper ad-
justment of tension with the correct alignment of slots and holes.

CASTELLATED NUT

The illustration below shows how to use a cotter pin to secure
a castellated nut. Shear nuts are also made for use with devices,
such as: clevis bolts and threaded taper pins that are subjected
to stress instead of tension. A shear nut has at least three threads
below the castellations. Shear nuts are thin and are available in
the self-locking style.

COTTER PIN
CASTELLATED NUT
PLAIN WASHER

Safe'ying by Use

of Cotter Pins.

1*.,41

SHEAR NUT

The wingnut Is used where the desired tightness is obtained by
the use of the fingers and where the assembly is frequently removed.
When safetying of this nut is required, a hole is drilled through
one of the "wings" and secured with safety wire.

WINO NUT

Answer the statements as true (T) or false (F).

1. The correct use for a castellated nut is with a drilled
head bolt.

2. A shear nut is moat generally used with a clevis bolt.

3. Wing nuts are used where the desired tightness is obtained
by the use of the fingers.

Answer to Frame 19: 1. FALSE

25
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Frame 21

Nonmetallic type self-locking nuts have a nylon insert. The
insert has a smaller inside diameter than that of the bolt. The
nylon puts a locking force on the bolt.

I THREADED NUT CORE
2 NUT CASE
3KEYWAY
4 LOCKING SHOULDER

Nonmetallic self-locking nuts shall not be sub ected to tempera-
tures in excess of 250 degrees Fahrenheit. As illustrated in the
diagram, self-locking nuts are available in thick or thin styles.

1111.11

THICK THIN.

SELF LOCKING NUTS

All metal self - locking nuts are similar to nonmetallic self -
locking nuts except the type of insert. The nuts are used where
temperatures are extremely high (3060°F. Exhaust section of jet
engine). The all-metal self-locking nut has threads out of phase
or pinched in at the top to bind the bolt and maintain tightness.

New self-locking nuts must be used each time components are
installed in critical areas throughout entire aerospace vehicle
including all flight, engine, turhopropeller, and fuel control
linkage and attachments.

Answers to Frame 20: 1. F, 2. T, 3. T
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Frame 21 (Cont'd)

Complete the statement.

1. The type of nut, which must not be used in applications where
the temperature is above 250 degrees Fahrenheit, is the

a. castellated nut.

b. all-metal self-locking nut.

c. nonmetallic self-locking nut.

d. plain nut.

27
611



Frame 22

Match the descriptions on the right with the names on the left.

1. Nonmetallic self-locking
nut

2. Castellated nut

3. All metal self-locking
nut

4. Plain nut

Answer to Frame 21: 1. c

28

a. has slots at the top to
be used with drilled bolts
with a cotter pin to =kin-
tain its position.

b. has threads out of phase
or pinched in at the top
to bind on the bolt and
maintain tightness.

c. requires an auxiliary lockin
device, such as a check-
nut or lockwasher.

d. has a nylon insert at the
top to bind on the bolt
and maintain tightness.
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Frame 23

Plain nuts are used for blind mounting and for easier mainte-

nance. They can be either self-locking or plain. They are made

in a wide range of sizes and shapes. One lug, two lugs, and right-
angle shapes are made to fit various nut locations. Floating-type
nuts give a controlled amount of nut movement to compensate for
subassembly misalignment during installation.

NUT
CHANNEL/ b STOCK. LENGTH APPROX 72 IN.

F1 Mit INSTRUMENT
agir- PANEL

Gang channel nuts are used where anchored nuts must be equally
spaced around openings. Some examples are access and inspection

doors and removable leading edges. Straight or curved channel
strips give a wide range of nut spacing. They are a mult*Tle nut

unit that has all advantages of float-type nuts. They are self-locking.

Answer the statements as true (T) or false (F).

1. Plate nuts are used for mountings that are easy to reach.

2. A float-type nut has some movement to compensate for mis-
alignment of subassemblies.

3. Gang channel nuts are anchored and equally spaced.

Answers to Frame 22: 1. d, 2. a, 3. b, 4. c
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Frame 24

Instrument mounting nuts are used for front mounting of air-
craft instruments. The nuts may be put in the instrument for rear
mounting (see illustration "B"). The nut is made of nonmagnetic
material and is used just with a;standard instrument mounting screw,
size 6-32. The names of the parts of the nut are shown in illustration
"A". There are several shank lengths to fit the different panels and
bezel thicknesses. Illustrations "C" through "F" shows how a nut
is put in the instrument panel.

CAGE NUT PROJECTION

FLOATING
NUT

GRIPPERS

SHANK

FEET

PANEL

.

"E"

L4Aski.t

"F"

Answers to Frame 23: 1. F, 2. T, 3. T

30
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Frame 24 (Cont'd)

Answer the statements as true (T) or false (F).

1. Instrument mounting nuts come in several sizes.

2. Instrument mounting nuts can be used on front mounted

instruments only.

3. Instrument mounting nuts are available in several different

shank lengths.

4. Instrument mounting nuts that are attached to the instru-
ment would require the instrument to be rear mounted.
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Frame 25

The types of washers used in aircriaft structures are plain washers,
lockwashers, and special washers.

Plain washers are used under nuts to provide a smooth bearing
surface. They can be used as shims to adjust the posiiton of castel-
lated nuts with respect to drilled cotter pin holes in bolts. They
are also used under lockwashers to prevent damage to surfaces of soft
material.

THICKNES1

!NSIDE OUTSIDE
DIAMETER DIAMETER

PLAIN WASHER

%NESS

BMW JU7SME
1:1441AETI..

Complete the statement.

1. Plain washers are used under nuts to

a. prev:nt a galvanic action from dissimilar metals.

b. provide a smooth bearing surface.

c. prevent loosening of threaded fasteners.

d. act as shims between the threads of bolts and nuts.

Answers to rrame 24: 1. F, 2. F, 3. T, 4. T

32
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Frame 26

Lockwashers are used with plain nuts when self-locking or castel-
1.:ted type nuts are not used. The spring action of the washer keeps
the nut from work'.ng loose. Lockwashers are not to be used where
failure of the washer might cause damage or danger to aircraft cr
personnel. The following diagram shows a lockwasher.

WIDTH

INSIDE
DIAMETER THICKNESS--

OUTSIDE
DIAMETER

LOCKWASHER

Complete the statement.

1. Lockwashers are used with plain nuts

a. when self-locking or castellated type nuts are not
applicable.

b. on primary and secondary structures.

c. on soft metals without plain washers.

d. on exposed surfaces subject to airflow.

Answers to Frame 25: 1. b, d
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Frame 27

Some types of lockwashers have internal or external teeth.
The teeth are twisted slightly to provide a locking effect when
tightened.

OUTSIDE INSIDE
DIAMETER DIAMETER

THICKNESS

DIAMETER DIAMETER
OUTSIDE INSIDE

THICKNESS

DIAMETER DIAMETER DIAMETER
INSIDE

DIAMETER

INSIDE OUTSIDE OUTSIDE

INTERNAL TEETH EXTERNAL TEETH

1
THICKNE

LOCKWASHER

There are many types of special washers, used in various ap-
plications. Some special washers are shown in the diagrams below.
These are finishing washers, phenolic fiber washers and tab type
washers., On the tab type washer one or more of the tabs are bent
up against the tightened nut to prevent it from loosening.

INSIDE
I DIANE TER I

OUTS.DE
DIAMETER

I.-THICKNESS

INSIDE
DIAMETER

SECTION A-A A

OUTSIDE
DIAMETER

1

COUNTERSUNK TYPE, FINISHING WASHER

THICKNESS -1 I-

FLAT, PHENOLIC FIBER WASHER

THICKNESS-1 I--

TAB TYPE WASHER

NO RESPONSE REQUIRED
Answer to Frame 26: 1. a 34

618



Frame 28

Cotter pins are used to secure bolts, screws, castellated nuts,
and *Ans. A cotter pin is a "split" metal pin that is put in a
nole and then spread apart, one half each way. Cotter pins are used
for they can be removed and installed quickly. Cotter pins are made
in various lengths and diameters. The size of a pin should be the
1 xgest size that will fit in a cotter pin hole and/or the slots in
a nut. The following diagrams show some of che types of cotter pins
and methods of securing them.

SHANK DIAMETER
NG

UNEVEN
PROS OPTIONAL

5:=4_LENGTH

HEAD HOLE TER

OPTIONAL ENDS

Securing With Cotter Pins

Answer to Frame 27: None Required
613
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Frame 28 (Cott'd)

Answer the question.

1. What is the purpose of the cotter pin installed as shown

in the diagram below?

a. To keep the nut from wobbling and thereby ruining

the nut threads.

b. To hold the bolt in place.

c. To keep the nut from damaging the bolt threads.

d. To keep the nut from loosening.
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The turnbuckle used to adjust the tension on aircraft cables.

It has a brass barrel with right-hand threads in one end and left -

hand threads in the other. The three types of turnbuckle ends are:

fork, ITin eye, and cable eye. These parts are shown below. Take

a look at lith the left and right-hand threads in the barrel,

turning the one way will tighten both ends and the other way

will loosen both ends.

swinC4-
imi=133-

FORK PIN EYE

.M THREAD

CABLE EYE

Match the letters to the names on the left.

1. Barrel. a.

2. Fork End.

3. Cable Eye End.

Answer the question.

4. What is the designed use of a turnbuckle?

a. Holds two pieces of metal securely together.

b. Used to safety a cable connection.

c. To determine if a bolt has left or right-hand threads.

d. Used to adjust cable tension.

Answer to Frame 28: 1. d



Frame 30

Flexible hose and flexible hose assemblies are used when there
is an excessive amount of vibration. They are also used wnen the
units they connect moves during flight.

Flexible hose is marked with a series of dots, dashes and let-
ters (as shown below). These markings are used for identification.
The markings are color coded to show different types of hose. The
markings on the hose show several things: manufacturer, the military
specification, the size, and the date it was made. The size of the
hose is the inside diameter measured in sixteenths of an inch. The
manufacture date is shown by the quarter .f the year and year the
hose was made.

RED NUMERALS, LETTERS AND STRIPE

ANC14

Sell-Sealing, Aromatic-Resistant Hose,

0M11.- H- 5593- 6-4/57 Mfg S mid

YELLOW NUMERALS. LETTERS AND STRIPE

Annetstic-Resletent

Hose, Military Specification MIL-H.SS93

(NOT HEAT RESISTANT)

WHITE NUMERALS. LETTERS AND STRIPE RED

(VIEWS SHOWING OPPOSITE SIDES OF HOSE)

Mansell-Sealing, Aromatic- and Heat-Resistant Nose, Military Specification MIL-H-6000

NO RESPONSE REQUIRED

Answers to Frame 29: I. b, 2. c, 3. a, 4. d

38
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Like the flexible hose, thing is measured in sixteenths of an
inch. However, tubing is measured on the outside diameter. If a

tube is 1/2 inch in diameter ..h.t would be referred to as a number
8 tube. This is because 1/2 inch is 8 sixteenths of an inch. Tubing
size varies from 1/8 inch to 2 1/4 inches. This is shown as a number
2 to a number 36.

Is the following statement TRUE or FALSE?

1. A number 6 fitting would be used with 3/8 inch OD tubing.

Answer to Frame 30: Nor! Required
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Frame 32

The tubing used in aircraft systems is made of aluminum alloy.
Aluminum tubing is light and can be formed and bent easily; therefore,
care must be taken in handling it so that it will not be damaged.
Corrosion resistant steel tubing, is stronger but not as easily formed,
is used on hydraulic systems operating at 3,000 psi or higher.

Tubir,7, size is found by measuring the outside diameter (OD) in
sixteenths of an inch. The top half of the fraction is the tubing
size number. Example: A 1 inch OD tube is called number 16 tubing.
1" 16/16ths #16 tubing. 7/8 inch tubing is number 14 tubing 7/8"

14/16ths #14 tubing.

Match each size tubing the outside diameter measurement on the
right.

1. Number 4 tubing a. 5/8" OD

2. Number 6 tubing b. 1/4" OD

3. Number 8 tubing c. 1/2" OD

4. Number 10 tubing d. 3/4" OD

5. Number 12 tubing e. 3/8" OD

Frame 33

Match the outisde diameter measurements on the left with the
tubing sizes on the right.

1. 1 1/2" OD tubing a. Number 1 1/2 tubing

2. 1 1/4" OD tubing b. Number 16 tubing

c. Number 1 1/4 tubing

d. Number 20 tubing

e. Number 24 tubing

knswer to Frame 31: 1. TRUE
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Frame 34

The size of a fitting is determined by the outside diameter of
the tubing to which it connects.

The Air Force uses two types of fittings with tubing: AN FLARE
fittings, and MS FLARELESS fittings. AN fittings have a sleeve with
a beveled edge to fit the flare of the tubing and to form a seal
when the tubing nut is drawn tight. Tubing used with MS fittings
is not flared. When the tubing nut is tightened on an MS fitting
the sleeve is wedged between the tubing and the fitting to form a
seal. The torque on MS fittings is critical. Too much torque will
cause them to leak.

Match the two illustrations with the correct name.

1. AN fitting.

2. MS fitting.

d'r
kb.

b.

NMI

Answer the questions.

3. What type fitting is used with tubing that is not flared?

a. AN fitting

b. MS fitting

c. Both

d. Neither

4. What type fitting is used with flared tubing?

a. AN fitting

b. MS fitting

c. Both

d. Neither

Answers to Frame 32: 1. b, 2. e, 3. c, 4. a, 5. d

Answers to Frame 33: 1. e, 2. d

41
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Frame 34 (Cont'd)

B.

Match the illustrations with the correct uses.

5. Used when tubing is not flared.

6. Connects different sized tubing.L

7. Used with flared tubing.

8. Connects two tubes of the same size.

A.
I

"711441 *h.

(UNION)

Frame 35

C.

(REDUCER)

D. 00'

%AWN 1\\\. ''.'7\.

,04

Fitting types and material are identified by color. Aluminum
AN fittings are blue. Steel AN fittings are black. Aluminum MS fit-
tings are gray or light yellow. Steel MS-fittings are dark yellow.
These fittings are not interchangeable. Steel fittings are used
for high pressure where aluminum fittings will uot hold. AN fittings
must have flared tubing while MS fittings will not fit flared tubing.

Match the identifying color with each type fitting.

1. MS aluminum fitting. a. Dark yellow

2. AN aluminum fitting. b. Blue

3. MS steel fitting. c. Gray or light yellow

4. AN steel fitting. d.

e.

Silver

Black

42
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Match the information below.

Frame 36

1. Connects different sized tubing. a. Reducer

21 Used where tubing is flared. b. Union

3. Connects two pieces of the same
size tubing

c.

d.

MS fitting

AN fitting
4. Used with flareless tubing.

Match the illustrations to their names.

1. AN fitting.

2. MS fitting.

3. Union.

4. Reducer.

She b.

Frame 37

a.

Answers to Frame 34: 1. a, 2. b, 3. b, 4. a, 5. d,
6. c, 7. a, 8. b

Answers to Frame 35: 1. c, 2. b, 3. a, 4. e
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Frame 38

AN standard fittings should be used in preference to all other
flared fittings. Fitting must match to the size of tubing they
are used with. Tubing fittings have either tapered pipe threads
or straight threads. Pipe thread fittings are made in a cone shape.
Straight threads are the same in diameter the entire length of the
threads.

The hole the pipe thread fitting goes into is tapered like the
fitting. As the pipe thread fitting is screwed in, its threAds
seal against the threads of the hole.

STRAIGHT THREAD PIPE THREAD

NO RESPONSE REQUIRED

Answers to Frame 36: 1. a, 2. d, 3. b, 4. c

Answers to Frame 37: 1. a, 2. b, 3. a, 4. c

44
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Frame 39

Fitting types and materials are identified by color. AN aluminum

fittings are blue. AN steel fittings are black. Aluminum bronze
fittings are cadmium plated and are not otherwise colored. These
fittings are not interchangeable, because if two dissimilar (unlike)
metals are brought together they will corrode. Corrosion can cause
a potential fire hazard in the presence of oxygen, or a weakness in

the metal.

Match the identifying color with each type of fitting.

1. AN aluminum fitting. a. Dark yellow

2. AN steel fitting.

Answer to Frame 38: None Required

45

b. Blue

c. Gray or light yellow

d. Silver

e. Black

623



Frame 40

A flare and a sleeve, wit:: a nut, are used when connecting straight
tnreads to tubing. The s?seve is used to seal '-te tc the nut
and to the fitting. The nut, of course, is used to connect te tubing
to the fitting. The nipple is used to connect a piece of tubing tl
a device having pipe threads.

Sleeve: Nut:

C oupl tag .

Pip.
thud

Bevelled surface mate,
with f bred tubing

Nipple

Straight
throat

The flared tubing fittings most commonly used in the tubing systems
of aircr...1t is the coupling nut and sleeve.

NO RESPONSE REQUIRED

Answers to Frame 39: 1. b, 2. e
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TOtch the fittings to the descriptions.

a,

c.

1. Nipple, flared tubing to pipe.

2. Nipple, pipe thread on both ends.

3. Union, flared tube.

4. Coupling, internal pipe thread.

Answer to Frame 40: None Reqv red

4631

b.

d.
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Frame 42

In this and the following frames you will be shown various AN
fittings. You may well encounter these fittings at a later time
in the performance of your job. Study the illustrations carefully.
Then you will demonstrate your ability to identify these fittings.
Let's see how well you do with the following.

Match the fittings to the descriptions.

a.

b.

c.

d.

1. Elbow, 90° flared tube.

2. Elbow, 90° internal and external pipe threads.

3. Elbow, fO° internal pipe threads.

4. Elbow, 90° flared tube to pipe.

Answers to Frame 41: 1. c, 2. b, 3. a, 4. d
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Frame 43

Match the illustrations with their correct descriptions.

A.

RUN

E

1. Bushing, reducer.

2. Tee, flared tube.

3. EDow 45° internal and external pipe threads.

4. Tee, flared tube, pipe thread on side.

5. Elbow 45° flared tube to pipe.

6. Tee, flared tube, 1.1pe thread on the run.

Answers to Frame 42: 1. d, 2. c, 3. b, 4. a

49
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Frame 44

Bulkhead and universal fitting combinations can be mounted,
solidly to a bulkhead or component with one outlet adjLoted to
any angle. "Bulkhead" means that the fitting is long enough to
go through a bulkhead. "Universal" means that the fitting can
be set at any angle, using a universal fitting bolt.

When installing a bulkhead fitting, a jam nut is used to hold
the fitting securely in the bulkhead. This it, shown in the fol-
lowing illustration. Fittings with evidence of risible damage,
(stripped threads, deep gouges and nicks, wrench jaw marks, etc)
will be replaced.

Match the fittings to the correct name.

BULKHEAD

a.

b.

C.

UNIVERSAL

al
gill\ L,l EMU ILI, II II 11

Ali II

ELBOW

BOLT

1. Bolt, universal fitting.
2. Tee, flared tube, bulkhead.
3. Elbow 90°, flared tube, bulkhead.
4. Union, flared tube, extra length, for mounting in a oulkhead.
5. Elbow, 90° universal.
6. Elbow, 45°.

S.

Answers to Frame 43: 1. b, 2. c, 3. d, 4. f, 5. e,
6. a
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ame 45

Code bands of varicolored tape are attached to the tubing through-

out the aircraft. These bands are placed near the joints and quickly

identify the content and danger when working on or around these tubing.

A chart showing some of the color coding for tubing systems is

shown above. this chart can be found in the appropriate technical

orders.

Match the color code to the systems listed below.

Gray
Blue-yellow
Brown-gray
Green
Yellow
Red

Brown
Red-blue

1. Fire protection. a.

2. Lubrication b.

3. Breathing oxygen. c.

4. Fuel d.

5. Air condition. e.

6. Pneumatic. f.

7. Hydraulic. g.

8. De-icing h.

Answers to Frame 44: 1. f, 2. a, 3. d, 4. c, 5. e,

6. b
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Frame 46

Ammer the statements as true (T) or false (F).

1. The two most common types of tubing used in aircraft systems
lines are corrosion-resistant aluminum alloy and copper.

2. Aluminum alloy tubing is most widely used in low and medium
pressure systems.

3. The color code which identifies the contents of the system
as breathing oxygen is red.

4. Stainless steel tubing is used in high-pressure systems.

Answers.` Frame 45: 1. g, 2. e, 3. d, 4. f, 5. c,
6. h, /. b, 8. a
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Frame 47

Solderless terminal lug (A) permit easy and efficient connection
and disconnection of wire from electrical equipment. Solderless
splices (B) join electrical wires to form permanent continuous runs.
These terminal lugs and splices come preinsulated (A) or uninsulated
(B). They are made of copper or aluminum.

Note: Copper wire requires copper connectors and the aluminum
wire requires aluminum connectors.

Select the correct statement(s).

nen

1. To join electrical wires to form a continuous run, solder-
less terminal lugs are used.

2. Solderless terminal lugs permit easy disconnection and
connection to electrical equipment.

3. Solderless terminal lugs and solderless splices may be
uninsulated or preinsulated.

Answers to Frame 46: 1. F, 2. T, 3. T, 4. F
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Frame 48

Aircraft vibration does tend to loosen or alter the adjustment
of various parts. These parts are safetied by an auxiliary device,
such as safety wire.

Safety wire is made of copper, aluminum or steel. Copper wire
(.020-inch diameter), is used for safetying seals on equipment
such as first aid kits and portable fire extinguishers.

Aluminum wire (.032-inch diameter) is used for safetying
emergency valves or oxygen regulators. BE SURE TO CONSULT THE SPECIFIC
TECHNICAL ORDER AND USE THE WIRE SIZE REQUIRED.

Some emergency devices use a safety or shear wire. Care must
be used to be sure that the use of safety wire will not stop the
emergency operation of the device.

The illustrations shown are typical examples of proper safety
wire installations. Study these illustrations. Notice the proper
way to install safety wire for a given situation.

0

O

O

NO RESPONSE REQUIRED

Answers to Frame 47: 1. F, 2. T, 3. T
54
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Frame 49

Two methods of safety wiring are used: the single-wire method

and the double-twist method. The single-wire method is used on

emergency devices. The single -wire method is also used in areas
hard to-reach and for small screws in a closely spaced pattern.

The double-twist method is the most common method used. The

most common sizes of safety wire in use are .020 inch and .032 inch.

Complete the statement.

1. The two sizes of safety wire most commonly used to safety
parts, using the double-twist method, are

a. .032-inch and .037-inch.

b. .020-inch and .037-inch.

c. .041-inch and .047-inch.

d. .020-inch and .032-inch.

Answer to Frame 48: None Required

55
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Frame 50

The number of bolts, nuts, screws, etc, that may be wired
together depends upon the application. When the double-twist method
is used, tl-e maximum number of wider spaced bolts that can be wired
in a series is three. The number of closely spaced bolts, that
can be wired by a 2t -inch length of wire is the maximum number
in a series.

Complete the statement.

1. The maximum number of widely spaced bolts which may be
wired in a series is

a. 1.

b. 2.

CO 3.

d. 4.

Answer to Frame 49: 1. d

56
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The correct procedure for safety wiring will be explained in

the safety wiring project. In that project, you will learn the

proper method by actually doing the job.

Answer to Frame 50: 1. c

57
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Caution: TO BE USED BY THE PNEUDRAULIC COURSE ONLY.

Frame 51

Note: To complete this terminal frame you must have a hardware
trainer.

Match the names listed below with the correct item on the trainer.
Place the number on the trainer that corresponds to the item you
selected on the separate answer sheet.
are not in this list.

Some items on the trainer

2. Bolt, clevis. 22. Elbow 90°, bulkhead.

3. Bolt, hex head steel. 23. Union MS.

4. Cotter pin. 24. Tee fitting.

5. Eyebolt. 25. Nipple, flared tube to pipe.

6. Machine screw, flathead. 26. Elbow 90', pipe to tube.

7. Screw, Reed and Prince head.

8. Reducer steel.

9. Machine screw, fillister
head.

10. Plate nut.

11. Cross fitting steel.

12. Wing nut.

13. Nut, plain steel.

14. Screw, Phillips head.

15. Nut, castellated steel.

16. Bolt, drilled head steel.

17. Tee fitting bulkhead.

18. Nut, self-locking aluminum.

19. Nut steel self-locking.

20. Sleeve.

642
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Answers to Frame 51:

.i. 29.

2. 6.

8. R

4. 17.

5. 12.

6. 23.

7. 22 or 23.

8. 47.

9. 14.

10. 20.

11. 44.

12. 21.

13. 41.

14. 14.

15. 27.

16. 8.

17. 36.

18. 28.

19. 25.

20. 39.

21. 51.

22. 46.

23. 18.

24. 45.

25. 42.

26. 53.
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Caution: TO BE USED BY INSTRUMENT COURSE ONLY.

Frame 51A

Note: To complete this frame you must have a hardware trainer.

Match the names listed below with the correct item on the trainer.
Place the trair...r number that corresponds with that item on the
separate answer et. Some items on the trainer are not listed.

. Wood washer. 21. Splice.

2. Bolt, clevis. 22. Elbow 90°, bulkhead.

3. Bole- dx head steel. 23. Tinnerman hut.

1. Cotten pin. 24. Tee fitting.

5. Eyebolt. 25. Cross fitting, internal
threads.

6. Machine screw, flathead.

26. Elbow 90°, pipe to tube.
7. Screw, Reed and Prince head.

8. Lock washer.

9. Machine screw, roundhead.

10. Plate nut.

11. Machine screw, Fillister
head.

12. Wing nut.

13. Nut, plain steel.

14. Screw, Phillips head.

15. Nut, castellated steel.

16. Bolt, drilled head steel.

17. Screw, sheetmetal.

18. Nut, self-locking aluminum.

19. Nut, steel self-locking.

20. Dzus stud.



Answers to Frame 51A:

1. 11.

2.- 1.

3. 5.

4. 12.

5. 7.

6. n.
7. 18.

8. 24.

9. 9.

10. 15.

11. 4.

12. 16.

13. 21.

14. 17.

15. 22.

16, 3.

17. 13.

18. 20.

19. 23.

20. 29.

21. 33.

22. AO.

23. 32.

24. 39.

25. 36.

26. 47.
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A.

B.

C.

D.

E.

F.

O.

B.

I.

J.

Caution: TO BE USED BY ENVIRONMENTAL COURSE ONLY.
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v.

V.
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Caution: TO BE USED BY ENVIRONMENTAL COURSE ONLY.
Frame 51B

Match the names below with the correct item on the opposite page.
Place the capital letter that corresponds with that item on the

separate answer sheet. Some items are not listed.

2. Bolt, hex head aluminum.

3. Bult, hex head steel.

4. Pipe thread (basic design).

5. Bolt, internal wrenching.

6. Screw, machine flathead.

7. Universal fitting
combinations.

8. Lock washer, internal.

9. Tube, beaded end.

10. Nut, plate.

11. Screw, machine Fillister head.

12. Nut, wing.

13. Shock mount.

14. Screw, crosspoint.

15. Nut, castle.

16. Bolt, drilled hex head.

17. Screw, sheet metal (:alf-
tapping).

18. Nut, fiber self-locking.

19. Joint (section) flared tubing.

20. Tube, double-flared.

21. Splice, solderless.

22. Tee, flared tube, bulkhead.

23. Steel flared fitting.

24. Nipple, pipe thread.
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Answers to Frame 51B:

1. G .

2. W.

3. X.

4. L.

5. D.

6. A or E.

7. P.

8. R.

9. Z.

10. S.

11. B.

12. V.

13. J.

14. A or E.

15. T.

16. I.

17. F.

18. U.

19. BB.

20. AA.

21. Y.

22. 0.

23. M.

24. N.
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OBJECTIVES

Use Ohm's Law and power formulas to solve for unknown values in

basic electrical circuits. A minimum of eight out of ten

unknown values must be correct.

INSTRUCTIONS

This programmed text presents information in small steps called

"frames". Carefully study the written material and/or diagram

in each frame until you are satisfied that you understand its

contents. Each frame requires you to respond vo the information

in some way. For example, you may be required to select the true

statements or insert a correct answer. Specific instructions are

provided in each frame. After you have made your response,
compare your answers with the answers at the bottom of the next

frame. If you are incorrect, study the frame again and correct

your mistakes before continuing. Read carefully, select the

correct answers and DO NOT HURRY.

Supersedes 3ABR42331-PT-116, 6 March 1980.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 1000; TTVSA - 1
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FRAME 1

In the following circuits you will see what happens when the voltage,
current or resistance values are changed.

E=12V R=2

T I= 6 a

Figure 1.

1. If the circuit below, figure 2, is compared to the circuit above,
figure 1, you would see the resistor value has been increased to
6 ohms. This increase will cause the circuit current to drop to
2 amps.

-I-
-- E=12V R=6

-[ 2a

Figure 2.

Note: If the resistor was to drop in its value the current
will increase.

2. If the circuit below, figure 3, is compared to the circu_. above,
figure 1, you can see the applied voltage was increased. This
increase will cause the circuit current to increase to 12 amps.

I-
-- E=2/4V

I= 12 a

Figure 3.

Note: If the applied voltage was to drop in its value the
current will decrease.

R=2

From this you can see that there are several relationships between
current, voltage and resistance. To ba sure you understand them,
fill in the blanks on the next page with the correct term.

3
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FRAME 1 (Coned)

1. Increasing the voltage in a circuit will cause the current to

2. Decreasing the voltage in a circi it will cause the current to

3. Decreasing the resistance in a circuit will cause the current

to

4. Increasing the resistance in a circuit will cause the current

to .

FRAME 2

The relationships that we have seen in the last few frames is called

Ohm's Law and is stated in general terms as follows: The current in

a circuit Ic directly proportional to the applied voltage and

inversely, proportional to the circuit resistance. The term

"proportional" implies that the current will change by the same

factor that the voltage changes. In other words, directly

proportional implies that: if the voltage is doubled, the current

will be doubled. Inversely proportional implies that: the current

will decrease by the same factor that the resistance increases. In

other words, if the resistance is doubled, the current is halved.

Fill in the blanks with the correct term.

1. Decreasing the voltage will cause a proport,

in the current.

2. If the resistance is halved, the current will be

3. If the voltage is halved, the current will be

4. If the voltage is tripled, the current will be

Answers to Frame 1: 1. increase 2. decrease 3. increase

4. decrease

4
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pRAME 3

Ohm's Law may be shown as an equation: I E/R, where I current in
amps, E voltage in volts, and R resistance on ohms. For example,
in the circuit shown below we want to find the value of I. Substituting
the known values into the formula, I E/R, we have I 10V/2 5a.

1
E4OV R=2.A.

1- I= a

Solve each of the following problems for the amount of current flow.

1. E = 12V 2. E 6V 3. E 6V

I a I a I a

R = 6Q R 60 R= 1252

411
Answers to Frame 2: 1. decrease 2. doubled 3. halved 4. tripled

5

653



FRAME 4

In many circuit applications used in this course, current is known and

either voltage or resistance will be the unknown. In these cases there

are two additional formulas that are derived from the formula I I E/R.

To find the value of R when V. and I are known, use the formula, R E/I.

To find the value of E when I and R Are known, use the formula, E IxR.

A simple memory device that will help you to pick the proper Ohm's Law

formula is shown below.

For example, to find E, cover E with a finger as shown in figure a

below. The uncovered letters indicate that E IR. If I is unknown,

it is equal to E/R, see figure b below. If R is unknown, it is equal

to E/I, see figure c below.

Place the Zollawing answers in the spaces provided.

The three formulas for Ohm's Law are , and

Answers to Frame 3: 1. 2A 2. lA 3. .5A

6
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FRAMES

Now let's solve some problems for unknown voltages and currents.

In the diagram below, tha unknown resistance can be found by using

the formula, R = E/I. Substituting in the Lnown values for E and I,

we have R = 25V/5a = 5 ohms.

I
E=25V

T I =5a

J.

In the diagram below, the unknown voltage can be found by using the

formula, E IxR. Substituting in the known values for I and R, we

have E 5a x 7 35V.

1.

-- E= V 11.7.7.1,

I=5a

Solve each of the following problems for the unknown. Put your
answers in the appropriate blank.

2.

3 I

L= V R=6.". E=16V R=32.m. E=24V R.

ir 1=3a 71- I=a I=12a

Answers to Frame 4: 1. E IxR 2. I E/R 3. R = E/I (any order)

7
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FRAME 6

Calculate the resistance in each of the following circuits. Put your

answers in the appropriate blanL,

1. R

2. R- it

3. R

_I-

E=32V R = ?

T I = ha

T I .la

R = ?

n = ?

4. R E=1 0V

20a

Answers to Frame 5: 1. 18V ; .5a 3. 2 ohms

8
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FRAME 7

Calculate the voltage in each of the following circuits. Put your

answers in the appropriate blank.

1. E V

2. E.. V

3. Er* V

4. E V

T )I = .001a

= 1B

R = 5, 000

? R= 5041.

.1a

410
Answers to Frames 1. 8 ohms 2. 6 ohms 3. 50 ohms . 5 ohms

9
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FRAME 8

Calculate the current in each of the following circuits. Put your

answers in the appropriate blank.

1. I a

3. I a

4. J. a

L 'E =60V

I=?

R=21,A.

B=24V

Answers to Frame 7: 1. 28V 2. 9V 3. 5V 4. 5V

3.0
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FR"IIE 9

Solve for the unknown in each of the following circuits. Put your

answers in the appropriate blank.

1. 2.

P;=-- V

3. 4.

E=48V

I=16a

5. 6.

E=36V R=

T 1=184

4
E=16 V R-,14

.411_

I`a

Answers to Frame 8: 1. .5a 2. 1.5a 3. la 12a

11
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FRAME 10

Perform each of the following steps in the sequence given. Fill in

the blanks -pith the correct word or number.

1. In circuit (1) solve
for the current. (1)

-I-1E7=15V R=5.41.

T a

If you got I 3a, you are correct, go to step 2. If you

didn't get I 3a, find your mistake before going to step 2.

2. In circuit (2) solve
for the current.

(2) _I_
E=20V 11=5.".

I= a

If you got I 4a; you are correct, go to step 3. If you

didn't get I 4a, find your mistake before going tc, step 3.

3. The only difference between circuit (1, and circuit (2) was

the amount of voltage applied. When the voltage waa increased from

15V to 20V, the current was increased from 3 amps to 4 amps.

No further response required, proceed to the r xt frame.

Answers to Frame 9: 1. 6V 2. 36V 3. 3 ohms 4. 2 ohms 5. 4a 6. .25a

660
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FRAME 11

Fill in the blanks with the correct ward or number.

1. In the circuit below, if the voltage is increased to 20V, the
current will (decrease/increase) to

amperes.

E=1OV S R=10.n.

I=la

2. In the circuit below, if the voltage is decreased to 12V, the
current will (decrease /increase) to

amperes.



FRAME 12

Fill in the blanks with the correct word or number.

1. In the circuit shown below, if the 3 ohm resistor is replaced

by a 6 ohm resistor, the current will (decrease /increase)

to a.

I
--E=18V R=3.rt.

T Ida

2. In the circuit shown below, if the 6 ohm resistor is replaced

by a 2 ohm resistor, the currant will (decrease/increase)
to a.

B=12V

I=2a

Answers to Frame 11: 1. increase 2A 2. decrease 2A
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FRAME 13

Fill in the blanks with the correct term or formula. The first two

have been done for you.

1. Ohm's Law states that: The current in a circuit is directly

proportional to he voltage and inversely proportional to the

resistance.

2. The three formulas for Ohm's Law are E IxR, I = E/R, and

R = E/I.

3. Increasing the resistance in a circuit will cause a proportional

(increase/decrease) in current.

4. Decreasing the voltage in a circuit will cause a proportional

(increase /decrease) in current.

Solve the following problems for the unknowa. Put your answera in

the appropriate blank on the reaponie sheet.

5. E =

.25a

R = 400

6. E = 18V 7. E = 28V

I= a I = 14a

R= un R=

Answers to Frame 12! 1. decrease 3a 2. increase Fa
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FRAME 14

Power is the rate at which work is done. Work is done when a force

causes motion. Previously it wao shown that voltage is an electrical
force and that voltage will force current to flow in a closed path.
When there is voltage between two points, but current can not flow,
no work is done. A total amount of work may be done in different
lengths of time. Flr example, a given amount of electrons may be
moved from one point to another in 1 second or 1 hour depending on
the rata at which they ere moved. In both cases the total work done

is the same. When the work is done in t shorter time, the rate is
greater than when the same amount of work is done in a longer time.
The basic unit of power is the watt. The symbol for power is P.

The basic power formula is P I x E. I is the current through,
and E is the voltage across the resistor or unit for which power is
being measured. The abbreviation used for the watt is V.

Note: The formula for power will be easy to remember by
spelling the work PIE. We also have the memory device
shown below.

Mark the true statements with a "T".

1. Work is done when a battery forces electrons to move
through a circuit.

2. The terms work and power have identical meanings.

3. The power in a circuit is equal to the. urrent multiplied

by the voltage.

Answers to Frame 13: 1. Voltage Resistance 2. ETxR 3. decrease
TusE/R

AR/R

4. decrease 5. R1014, 6. 1.5a 7. 2 ohm

664
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FRAME 15

In the circuit shown below, the value of the power that the battery
supplies to the resistor can to found by means of the equation

P I x E. To find the pryer output of the battery, substitute the

current, 2 amps, for I, and substitute the battery voltage, 12 volts,

for E. The power in watts is equal to 2 x 24w.

E=12V

T I=2a

Find the wafer supplied by the battery in each of the following

circuits. Put your answers in the appropriate blank,

1. P

2. P..
E=12V

T i=.5a

Answers to Frame 14t 1. T F . T
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FRAM 16

Fill in the blanks with the correct term of formula.

1. Ohm's Law states that: Tho current in a circuit is directly
proportional to the and inversely proportional
to the

2. Increasing the resistance in a circuit will cause a proportional
(increase/decrease) in current.

3. Increasing the voltage in a circuit will cause a proportional
(increase/decrease) in current.

4. In the circuit shown below, if the voltage is decreased to 10V,
the current will (decrease/increase) to

amperes.

1
--E=15V R=5.01.

T i=3a

5. In the circuit shown below, if the 5 ohm resistor is replaced
by a 15 ohm resistor, the current will (decrease /increase)

to amperes,

E=30V

T Ida

Answers to Frame 15: 1. 96w 2. 6w
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FRAME 17

Solve for the unknowns in each of the following problems. Put your

answers in the appropriate blank.

1,

E=12V R=240

3.

a

5.

._L
P"'

I=2a

7.

4

R=400

4.

E=6171
R.20p. v

T I'3a I

6.

1=160 D=10V R=200

R=612

Pas W

8.

E- V =12.50

I=4a



...

.r.

11.

13.

15.

17.

1

E=48V

T I=6a

11

12.

Frame 17 Continued

i_
E=6V

I I= .5a

14.

1 1
E=I6V E=4V
P= W P= W

I=T 3a
,-

1 I=.2a

I
P= W

T I=2a

E=20V

T
P= W

R=20.0

R=20,0,

16.

18.

19. 20.

I
E-I2V

T I= --a

P= W

T I= 3a

±
E= 24V

I
I=.2a

R= IOC/

R=60,0,

.0,

Have the Instructor check your answers to this frame. Instructor's Initials

Answers to ',tame 16: 1, voltage resistance
2. decrease
3. increase
4. decrease 2A
5. decrease 2A

21
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. I

FOREWORD

This programmed text was prepared for use in course 3ABR42331,
Aircraft Environmental Systems, by personnel of the Environmental/
Pneudraulics Branch at Chanute AFB IL. the material contained herein

has been validated with 30 students from the subject course. Ninety
percent of the students achieved all the objectives as stated.

OBJECTIVES

1. Using Kirchhoff's current and voltage laws and Ohm's law, solve
for unknown values in series circuits. A minimum of eight out of ten
must be correct.

2. Using schematic diagrams of series circuits, malfuuction
indications, and meter readings, specify the type of trouble for a
minimum of eight out of ten indications.

INSTRUCTIONS

This programmed text presents information in small steps called
frames. Carefully study the written material and/or schematic in each
frame until you are satisfied you understand its contents. Each frame
requires you to respond to the information in some way. For example,
you may be required to select the true statements or solve problems.
Specific instructions are provided in each frame. After you have made
your response, compare your answer with the answer given on the next
page or two. The answer will be located on the bottom of that page.
If you are correct, go on to the next frame. I you are incorrect,
study the frame again and correct your mistake before continuing. If
you ski" cannot understand your mis'...mes, ask the instructor for
assist ze.

After completing Par 1 of this PT, proceed to the test room and take
the appraisal on Part 1. After satisfaci)rily completing the appraisal on
Part 1, begin on Part 2.

Supersedes ST 3ABR42331-PT-117, 15 May 1981.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 50; DAV - 1
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INTRODUCTION

This PT is one of a series of PTs on circuits. In this PT
we are going to discuss Kirchhoff's laws as applied to series DC
circuits. A DC circuit is an electrical circuit in which current(I)
flows in only one direction. See figure below.

The letters "DC" are the initial letters of -the words "direct
current." In a later block you will study AC (alternating current).
In order to be able to analyze more complicated circuitsbit is
essential that you have a thorough understanding of series circuits.

You will find a working knowledge of Ohm's and Kirchhoff's laws
a great help in analyzing any electrical circuit. This will help you
in troubleshooting.

3 673



Part 1.

Frame 1

An electric circuit is a complete path through which electrons (cur-
rent) can flow from the negative terminal of the voltage source, through
the connecting wires, tlirough the load and back to the positive terminal
of 'he voltage source. he circuit is arranged so that the electrons
have only one possible p. , the circuit is called a series circuit.
Therefore, a series circ....41 is defined as a circuit that contains only
one path for current to flow. A typical series circuit is shown below.

Circle the letter in frot.t of the correct answer.

1. A circuit that has only one path fcr current to flow is
called a

a. bridge circuit.

b. series circuit.

c. parallel circuit.

d. series-parallel circuit.

4
674
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Frame 2

Since there is only one path for current flow, current must be the same
at any point in the circuit. Let's see why. In the circuit below we want
to find the value of It, II, and 12. There are 2 amps flowing into junction
C. Using Kirchhoff's current law we have 2 amps leaving junction C. Since
there is only one path leaving junction C, 12 must also be 2 amps. Thus, we
have 2 amps flowing into junction B. Since there is only one path leaving
B, Il in 2a. Since there are 2 amps flowing into junction A, It must also be
2 amps. Fill in 2a for It, IL, and 12 in the circuit below.

I It= a

No further response required, go to the next frame.

5
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Frame 3

Using Kirchhoff's current law (use your handout of laws and formulas)

solve for the unknown currents in each of the following circuits. Put

your answers on the appropriate blank.

3.

Il a

1111111.

It= a

13=3a

112=13a

MN.

2.
II= 4a 12=4a 13=4a

4.

I

It a

~we, NNAriev---

Ii=___P 12= a 13= a

4

Answers to Frame 1: 1. b

6
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Frame 4

Kirchhoff's voltage law is also necessary to use in order to solve
for unknowns in series circuits. Kirchhoff's ve.tage law states that
the sum of the voltage drops in any closed path, is equal to the total
(applied) voltage. A aeries circuit has only one closed path, therefore
the total voltage is the sum of the voltage drops across each resistor.

Answe,. to Frame 3: 1. I
t

3a I
1

3a

2. I
t

4a

3. I
t

2a I
1

2a

4. I1.2a 12 2a 13 2a

5. I
2

6a 1
3

6a

6. I1 3a 13 3a

677
7



Frame 4 (Continued)

Using Kirchhoff's voltage lay (use your handout of laws and formulas)
solve for the unknown voltage in each of the following circuits. Put
your answers on the appropriate blank.

I

3.

IMO

E1 =10V E2=6V

E
t
= V

E3=2V

El= V E2=6V F3=6V

E =20V
t

5.

E1 =12v E2=10V Er V

E
t
=30V

I

674

2. kNAnowwoArknAAN---1
E1=6V E2=3V E3 3V

-- Et= V

4. --AAovw---.AAnr
E1=6V E2= V E3=2V

6.
E2= V E3=3V

I

Et=18V



Frame 5

So far in this PT we have looked at Kirchhoff's current law and
Kirchhoff's voltage law. We have seen how they apply to series
circuits. In the circuit shown below we give you both current and
voltage values. To solve for all unknowns you will need to use
both Kirchhoff's current law and Kirchhoff's voltage law. However,
when you use Kirchhoff's current law be sure to use only current
values. When you use Kirchhoff's voltage law be sure to use only
voltage values. We'll solve the problem shown below with you.

Since we need to find Et, we will use Kirchhoff's voltage law.

Applying it we have the sum of the voltage drops (E3 + E2 + El) is

equal to Et. Thus, Et 12 + 6 + 12 30V. Fill in 30V on the black

for E
t

. In order to find I
t
we will use Kirchhoff's current law.

Since there are 2a flowing into junction 1, there are 2a leaving

junction 1. Thus, It 2a. Fill in 2a on the blank for It.

...11
1VMM

1

E

2 3 4 5

12V E2 =6V

I1 2a

V

a

6

E3=12V

4WD

t

mnpos.
mom.

vim

Solve for all unknowns in each of the following problems. Put
your answers on the right blank. Be sure to use Kirchhoff's voltage
law when you solve for unknown voltage, and Kirchhoff's current law
when you solve for unknown currents. Be sure that you have a copy
of the formulas and laws to use when you solve these problems.
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Frame 5 (Continued)

1 2.
El=10V E2=6V Ey= E11217 E24V E3417Il= a 12= a Ii=o5a 12= a 13= a

E

t
=24V

III It=2a

.11111MD

dam

3 --"wse--vvivevmetwe
E1=6V E2=V E3 12V
11=3a 12= a 13= a

Et OV=3
It= a

a/MNO
01111. wIMM.

MIR AIM

Et=I It
I

V

a

4.

Er3V E2e3V F1=31/

Ir3a 12=3a 13=3a
dallM

Et=_V
It=_a

10
630
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Frame 6

Ohm's law has many applications in solving series circuits. In

using Ohm's law, the numbers used in the equations MUST be taken
from the same component of the circuit. For example, the value of RI

can be computed by the formula: R E/I. Thus, RI E1 /I1 6/2 3 ohms.

Note: In order to find the value of R1, we used the quantities
P
1
and I

1
.

E176V E2=12V
I3=2a

112a

R1=

I
Solve for the unknown in eacn of the following circuits. Put your

answers on the appropriate blank.

1. .---AAMAo---VVV`Ar---NAPSAAr.-
El=6V

11=-2a

Et=2° V

.1_

E28V
1272a

R2= at-

OMMI II
.11M,

Answers to Frame 4:

Et=30V

Itm3a

Rt=

1. Et lsy 2. Et

3. El sy 4. E2 loy

5. E3 sy 6. E2

1631



Frame 7

Ohm's law can also be used co solve for unknown voltages and
currents. In many problems you will need to first use Kirchhoff's
voltage or current law before applying Ohm's law. Let's solve the
following problem for El. As you complete each of the following

steps place a check on the blank by the number of that step.

1 2

1. Since no voltage values are given, we do not have sufficient
information to find E

1
using Kirchhoff's voltage law.

2. In order to use the Ohm's law formula E - I x R to find E1,

we need the values of both I1 and R1. I1 is not given.

3. We can use Kirchhoff's current law to find the value of

Since there are 3a flowing into junction 1, there must be

3a leaving it. Thus, I, 3a.

4. Write in "I
1

3a" between E
1

V and R
1

10 ohms.

5. Thus, our problem is reduced to the following::

E
1

V

I
1

3a

R
1

100

6. Substituting in values for I
1
and R

1
in the formula E1 I1 x R

we have E
1

3 x 10 30V.

7. Write in 30V on !Ike blank by E1 and our problem is completed.

No further response required, proceed to the next frame.

Answers to Frame 5: 1. I, 2a, 12 2a, E3 tair

2. It 6a, Et 24V, 12 6a, I3 6a

3. It 3a, E2 12V, 12 3a, I3

4. Et 9V, It 3a

682
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Frame 8

Using Kirchhoff's current and voltage law and Ohm's law solve for

all unknowns in the following problems. Put your answers on the

appropriate blank.

1111,

E1=10V E26V
I1= ___A I2= ___A 13=

111=10.a.

Et=24V

It a

Rt=

a

Answers to Frame 6: 1. R
2

4S1

13

E1=10V E2 720V E3=30V

Ii=2a 12= a 13= a
111= 41- R2= /I. R3=15.11,

Et= V
It= a
Rtsa XL

4.
El= V E2= V VV
II= a 12.. a 13= a

R1=6/1- Re5.n. R3=111.

IEt=30V

Rtit7=3a

2. R
t

ion
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Frame 9

The current in a series circuit, in completing its path, must_

flow ti rough each resistor (load) connected in the circuit. Thus, each

additional resistor offera added resistance. In a series circuit,
THE TOTAL CIRCUIT RESISTANCE (Re) IS EQUAL TO THE SUM OF THE VALUES

OF THE INDIVIDUAL RESISTANCES. This can be expressed in a formula
as Rt R1 + R2 + R3 + R4 + etc. depending on the number of resistors

in the circuit. In the circuit below, the total resistance (Rt)

3 + 4 + 6 + 2 15 ohms.

12 4n

N3 lin

Find the total resistance in each of the following circuits.

Put your anewers on the appropriate blank.

1. Rt fl

3. R
t

2 R

6S1 25f1 911

3.4
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Frame 10

You have now seen how Kirchhoff's voltage law, Kirchhoff's current
law, Ohm's law, and the resistance formula are used in solving for
unknowns in a series circuit. Using these laws and formulas w-1 will
solve the problem shown below step-by-step with you. You need to develop
a systematic approach. Since there are only four basic laws and formulas,
try using them one at a time until you find one that you can apply. In
the circuit below we don't have enough information to apply Kirchhoff's
voltage law. Do you see why? The reason we can't find Et is we are not
given the values of all the individual voltage drops. We can't find E2
because we don't know Et. For now we can't use this law. However,
we can apply Kirchhoff's current law. Since there are 2a flowing through
R1, we must have 2a flowing back to the battery. Thus, It is equal to 2a.
Since there are 2a flowing into the battery, there must be 2a flowing out
of the battery and into R3. Thus, 13 2a. With 2a flowing out of R3
we must have 2a flowing into R2. Thus, 12 2a. Fill in 2a for It,
12, and 13 on the appropriate blanks in the circuit below. We'll
finish working the problem in the next two frames.

0100000 410~
E37611 E2 Efav

Et. v Ire& Ie a 13= a
-_- It= a RI= 11- Re1241- R3=

No further respt iuired, proceed to the next frame.

3.5
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Answers to Frame 8: 1. It .. 5a, Ii IN 5a, R2 . 40, E3 Mi 5V

Rt g 70, R.i. 20, I tis 5a
3

R3ii. 10
3

2. Et II 60V,

/ II la

RI 0 50, 1 - 2 a ,

R2 u. 100

1 In la

Rt is 100

3. It go la,

Rt ge 240,

I1 tis la, 12 go la,

R2 l 60,

E3 . IV

13 0 la

R an 80
3

4. Rt is 1011, El, .. 18V,

Ii so 3a,

E2 9V,

12 2a,

E3 is IV

13 NB la

q



Frame 11

The problem shown below is the same as the one in the last frame.
We have filled in the values for the currants that we found in the
last frame. We still can't apply Kirchhoff's voltage law as we don't
know E

t
. However, we can apply Ohm's law in solving for several

numbers. Remember, you can use the Ohm's law formulas in finding
E, I, and R, when any two of the three numbers are known for a
particular component. Using the Ohm's law formula R E/I we can
solve for RI and R

3 1
R1 E1 /11 6/2 3 ohms. R

3
E
3
/I

3
8/2

4 ohms. Fill in these values for RI and R
3
in the circuit below.

We also have enough information to solve for E2. E2 12 x R2 2 x 2

4V. Fill in this value fo.7 E
2.

We'll finish solving the problem in the
next frame.

Ile(4"-411(711111--144AAAAF---6Ei76V E27=--Y E.'3141v

Et= V I1=2* 'fa:A Ira.A
11 Re2 1 R3_411-T

_.L Rt

:lo further response required, proceed to the next t me.

Answers to Frame 9: 1. R
t

280 2. R
t

150

17

687

3. R
t
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Frame 12

In this frame we will finish the problem we started in Frame 11.
The same circuit is given below with all the values filled in that we

have found. Now we have enough information to use Kirchhoff's voltage

law. Applying Kirchhoff's voltage law we have Et a El + E2 + E3

6 + 4 + 8 a 18V. Fill in 18V for E
t

in the circuit below. To find

R
t
we can use either Ohm's law or the resistance formula. Using Ohm's

law we have Rt a Et /I
t
a 18/2 a 9 ohms. Using the resistance formula

we have Rt a R1 + R2 + R3 a 3 + 2 + 4 a 9 ohms. Fill in 9 ohms for

R
t
in the circuit below. Now you have the problem completely solved.

Note: When attempting to solve a series circuit, keep trying
the laws one at a time uncil you can find one_that can be

applied.

No further response required, proceed to the next frame.

3.8
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Frame 13

Solve each of the following problems for the indicated unknowns.

Put your answers on the appropriate blank.

1.

2.

3. 1-11"137V E2= V
-*Amor

117 12= a
R1=3.n. R2=441

Et=20V

T



Frame 14

Each of the resistors in a series circuit consumes power which is
used in the form of heat. Since this power must come from the source,
the total power must be equal in amount to the power used by the total
circuit resistance. In a series circuit, the total power is equal to
the SUM of the power used by the individual resistors. This can be
expressed as a formula: Pt P1 + P2 + P3 + P4 + etc. depending on

how many resistors the circuit has. In figure A below, we want to
find the power used by R3. We know that P1 + P2 + P3 40w. Therefore,

to find P3, you subtract the sum of P1 and P2 (32 watts) from Pt (40

watts). Thus, P3 8 watts. In figure B we want to find P2. First

we need to find Pt. In your last lesson you learned that P I x E.
Thus Pt It x Et 3 x 25 75w. Now you can find P2 by subtracting

the sum of P1 and P3 from the total circuit power. Mum, P2 75 - 50
o. 25w.

A.

RI
w.
246

B. --- mi.

Answers to Frame 13: 1. I
t

2a I
1

2a E
2

2V E
3

2V

R
t

50 12 2a 13 2a

2. R
t

40 E
1

6V E
2

3V E
3

3v

I
1

3a 1
2

3a 1
3

3a

k
3

10

3. I
t

2a E
1

6V E
2

8V E
3

6V

R
t

100 I
1

2a 1
2

2a 1
3

2a

4. I
t

2a I
1

2a 1
2

2a E
3

10V

Rt 150 Ri 60 R2 40 13 2a

5. E
t

60V E
1

30V 1
2

2a 1
3

2a

It 2a R1 150 R2 50 R3 100

20

690

12 P2?

R3 72w
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Frame 15

When using the power formula be sure that the numbers used ars
taken from the same component of the circuit. For example, the value
of P

1
can be computed by the formula P I x E. Thus, P1 Il x El

2a x 20V 40w.

E
t
=30V

Amoy
El=20V

11=2a

P1= w

^VW VVVVY

Solve each of the following problems for the indicated unknowns.
Put your answers on the appropriate blank.

1.

E1=12V
PeSw P3 =67/

Ii=2a

Ri= su

Pla"

,ENlo

2. IMAA NNW
Erin

Et= V

II:

Pt w

I

E2=0 111=617

Elm V E
2
=511 E3 =5V

a
Et= DV Its

Rim
Ie2a

I
w

21



Frame 16

In figure 1 below we are only asking you to find the value of Pt.

However, we don't have enough information to find Pt until we find E
t

and It or the values of P1, P2, and P3. To establish a procedure for

solving for unknowns in a series circuit ve will work this problem
with you.

R, = 30 E2 = 6V E3 = 12V

P, w = 2a

Figure 1.

1. Write in E, I, R, and P for each component in which they are
missing. This has been done Zor you in this problem.

El - y

--E - V Il - __!It
---%t

1 = a 111 = 3n

IR = n

Pt

P, = w
1

t '''''''

P = w
t

= 6V E = 12V
a I

3
= 2a

h R
3
= n

3
w P

3
= w

Figure 2.

2. One or more of the following laws and formulas can be used to
solve for unknowns in a series circuit.

a. Kirchhoff's voltage law

b. Kirchhoff's current law

c. Ohm's law formulas

d. Rt = R1 + R2 + RJ

e. P = I x E (P
t

= P1 + P2 + P3)

3. Start down the list in step 2 until you find a law or formula
that cah be applied in this problem.

4. We don't have enough information now to use Rirchhoff's voltage law,
but we can use Kirchhoff's current law. Applying it we have
I
2
- 2a, I

1
2a, and I

t
- 2a. Fill in these values on the appropriat

blanks in figure 2.

22
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When using the power formula be sure that
taken from the same component of the circuit.
of P

1
can be computed by t.ho formula P I x E.

2a x 20V 40w.

IEt=3°31

Amoo----vvyw
E1 20V

I a1

PI= w

Frame 15

the numbers used Si*
For example, the value

Thus, P1 I, x El

Solve each of the following prcblems for the indicated unknowns.
Put your answers on the appropriate blank.

1.

E1 12V

I1=2a

R1= su
w Pr --w

P2=6w

Ii=3a
V__- Et=

I It=
a

Pt=
t

Ei= V

I
4=20V

r a=jIts
w

E2=5V
B3=5V

21
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Frame 16

In figure 1 below we are only asking you to find the value of Pt.

However, we don't have enough information to find Pt until we find Et

and It or the values of P1, P2, and P3. To establish a procedure for

solving for unknowns in a series circuit we will work this problem
with you.

Ri = 3Q E2 = 6V E3 = 12V

P
t

w I
3
= 2a

Figure 1.

1. Write in E, I, R, and P for each component in which they are
missing. This has been done for you in this problem.

El - y - 6V = 12V

--EIt J. "."...

a
3

= 2aV II = a
R2 fl R

3
fl

t
NII = a R

1
IR fl P,

1
w

-"'-'
27_ P

3
w

lir
P
t

wPt

Figure 2.

2. One or more of the following laws and formulas can be used to
solve for unknowns in a series .zircuit.

a. Kirchhoff's voltage law

b. Kirchhoff's current law

c. Ohm's law formulas

d. Rt R1 + R2 + R3

e. P I x E (P
t

P1 + P2 + P3)

3. Start down the list in step 2 until you find a lew or formula
that can be applied in this problem.

4. We don't have enough information now to use Kirchhoff's voltage law,
but we can use Rirchhoff's current law. Applying it we have
I
2

2a, I
1

2a, and I
t

2a. Fill in these values on the appropriate

blanks in figure 2.

22
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Frame 16 (Continued)

.5. Figure 3 is the same as figure 2 with the values found in step 4

written down.

E m V E m 6 V Em 12V
1 2

I m 2a I m 2a I
3
m 2a--E V 1

t R . 3a R
2

m n R
3
m Q

I 2a --
wP1 m wP2 m w F

3

-R m 0 1 2 3

P
t

m wPt

Figure 3.

6. Now we can use Ohm's law formulas to find the values of E1, R2, and

R
3.

E1 T
1

m xR1 m 2x3 m 6V. R
2
m E

2
/I

2
m 6/2 m 3 ohms.

R
3
m E

3
/I

3
m 12/2 m 6 ohms. Fill in these values in figure 3.

7. Figure 4 is the same as figure 3 with the values found so far
written down.

-I-
1104A

E 6V
VW MAP
E m 6V E

3
m 12V

E im V Il 2a I
2

m 2a I
3
m 2a

t 1 2
I m 2a R m 3n R2 - 30 R m 6n
t 1 3;Em0Pmm
t 1

mw P
2

w P
3

w

Pa. m w
t. --

Figure 4.

8. Now we can use the resistance formulas. Thus, Rt m 3 + + 6'm 12 ohms.

Fill in 12 ohms for R
t
in figure 4. Now we can use the formula

E mIxRto find Et. Thus, Et m ItxRt m 2 x 12 m 24V. Fill in

24V for Et.

9. Now we can use the power formulaPmIxEto find P1, P2, P3, and

Pt. Pi m 2 x 6 m 12w. P2 m 2 x 6 m 12w. P3 m 2 x 12 m 24w.

Pt m 2 x 24 m 48w. Fill in these values in figure 4.

23



Frame 16 (Continued)

10. We have completely solved the problem using a systematic approach.
If you develop a systematic approach as we demonstrated here, you
will have very little trouble solving for unknowns in a eerie-
circuit.

No further response required, proceed to the next page.

Answers to Frame 14: 1. P1 45w 2. P
1

15w

24
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Frame 17

Solve for the indicated unknown in each of the following problems.

Put your answers on the appropriate blank.

1.

2.

3.

4.

5.

Pt'

I
It=3a

Rt=12.1%

AMA/6--
Ei= V

P1=

E2=3V

R
2

R
3

=2.1.6

Er6v
10104A0IP

E3=671

,AA,f 44,11..,AAAN6. ....=410AA

It. a
E 12V

111=2J1. R=5-7%. R3=-7

Et=30V

I

AMA" 4"0\0101A

Ei=12V

I1 =2a Re3 -rt. R3= -A.

Pt= w

E1 12V

Ir2a R2=3.n.

25

697

R3=6 1t



Answers to Frame 15: 1 Pt 36w

2. Et 212

It la
V 72w

3. E i 1.0y

Il 21
R1 5C1

P1 law

R. 6a
1

P
1 24w

26 698
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Frame 18

Solve for the indicated unknown in each of the following problems.

Put your answers on the appropriate blank.

1.

2.

3.

4.

5.

I
V

LB VItmemos

a at

Et 'V
II OM 3 Let.

E IV

I sae
=me

=. a ...

itlaV

AMAA11...MUMMIMMAMAAMMINIMMJSIAIAANIM1,
Ism OV

R 0111". Rags"

T...1,..,

27
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Frame 18 (Continued)

6.

7.

8.

9.

10.

.N=1E/Mb

T

1

I
1

a E
2

12V E
3

6V

E
t

24V

Rt (41

14MAAIN0.4,68A1siVEsa12v

1
t
3s

t

K1 elly

ta

P.g e

eft." I
lo 'It al I° 4.%

jOiksNYVV.
I a8V

3 ello

3s 3 .4%.

ly eV Iss4V

Have the instructor check your answers. Instructor's Initials

28
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STOP! TARE APPRAISAL ON PART 1 BEFORE CONTINUING TO PART 2.

(You must satisfactorily complete the appraisal on PART 1 before
continuing to PART 2.)

29
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Part 2.

Frame 19

Earlier in this PT you learned how circuits worked normally. In

the remainder of this PT you will learn how to troubleshoot. Electrical

troubleshooting is locating a component that is causing a circuit to
work incorrectly. While it is difficult to teach a person to analyse,
we can teach you a few guidelines to follow. The One skillful you
become at circuit analysis, the better mechanic you will become. The

moat important thing you should know in order to begin troubleshooting
a circuit, is how the circuit is supposed to function normally. The
reason for this is, if you don't know how a circuit is supposed to
function, how would you know if there is a trouble in it?

Check the true statement.

1. In order to troubleshoot a circuit, you should know how the
circuit is supposed to function normally.

Answers to Frame 17: 1. El 9V

4. R3 6

2. P
1

72w

5. Pt 60w

30
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Frame 20

There are several principles that we are going to review before we
discuss troubleshooting. (1) In order to have a deflection (movement)
of a meter needle you must have current flowing through the meter. Thus,
if the meter needle is not deflecting (moving), you don't have any
current flowing through it. (2) The largest resistance value in a
series circuit will drop the most voltage. The smallest resistance
value will drop the least voltage. To explain this we will have you
work out the following problem. Solve for all indicated unknowns and
put your answers on the appropriate blanks.

__Et-=30V

It= a
Rt=

Ii= a

Ri=28.p.

Check the true statements.

1. The largest resistor in
voltage.

2. Current flowing through

Answers to Frame 19: X 1.

13- a

R3=1.n.

the circuit above dropped most of the

a meter causes the needle to deflect.

X 2.

31

703



Frame 21

In order to be able to troubleshoot you must know what readings
you would get in a normal circuit. Thus, before we start trouble
shooting we are going to talk about a circuit that is functioning
normally. In the circuit below we have the negative, lead of the
voltmeter connected to ground. The positive lead was left free so it
could be moved from one point to another. What should the voltmeter
read if it was connected to teat point 1? If you said 24V, you are

correct. The only resistance in this path is the voltmetii.
Kirchhoff's voltage law to this path, we find that the voltmeter will
drop all 24V.

Note: Wires, switches and circuit breakers should not drop any
voltage, BECAUSE they are NOT loads.

2 4 V

7 R2 8 9 R3 113
40.4ANN044, 40.Amovv40.--

E1 6V E2712V E3=6V

Check the true statements.

1

1. We should have a voltage drop of several volts across the
circuit breaker.

2. A voltmeter connected from point 3 to ground should also
read 24V.

32 7j4
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Frame 22

We're continuing to use the same circuit as we used in the last
frame. A piece of wire and a closed switch should both have 0 oboe
of resistance. Thus, when connecting the voltmeter to points 3, 4,
and 5, we have no other resistance in the same path as the voltmeter.
Applying Kirchhoff's voltage law the voltage drop across the voltmeter
is 24V at points 3, 4, and 5, since it is the only resistance in these
paths. Let's connect the voltmeter between point 6 and ground. Trace
out a path starting from the negative terminal of the battery through
the voltmeter, R1, switch, circuit breaker, and back to the positive
terminal of the battery. In ehis path you should have discovered that
there is another emit of resistance (R1) in addition to the voltmeter.
Applying Kirchhoff's voltage law to this path the sum of the voltage
drops across the meter and across R1 must be 24V. Since El 6V, the

voltmeter is dropping 18V. Connecting the voltmeter at point 7 will
not add another resistance in the path with the voltmeter and Rl.
Thus, the voltmeter should also indicate 18V at point 7.

24V

I

R1 6
4.-7

R2 8 9 R3 10
~A#6.

Er6V E2=12V F.36V

ONO

Check the true statements.

1. A voltmeter connected from point 3 to ground will read OV.

2. A voltmeter connected from point 5 to ground will read 24V.

3. A voltmeter connected from point 6 to ground will read 6V.

Answers to Frame 20: X 1. X 2.

33
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Frame 23

Now we're going to connect the meter between point 8 and ground in
the same circuit as we have been using. Trace a path from the negative

terminal of the battery through the voltmeter, R2, R1, switch, circuit
breaker, and back to the positive terminal of the battery. Applying

Kirchhoff's voltage law to this path we have Ev (voltage drop across

voltmeter) + E2 + El 24V. Substituting we have Ev + 12 + 6 24V.

Thus, Ev 6V and the voltmeter will indicate 6V. Connecting the

voltmeter at point 9 will also indicate 6V since vs have not added
any resistance to the path that the voltmeter is connected in. What
do you think that the voltmeter will read when connected to point 10?
If you said OV, you are correct. Let's see why! Applying Kirchhoff's
voltage law we have Ev + E3 + E2 + E1 24V. Substituting we have

Av + 6 + 12 + 6 4. 24V. Thus, E OV. Another way of explaining this

reading is to recognize that the ground wire is providing a zero
resistance path for the current to bypass the meter. Thus, all the
current goes through the wire. With no current flowing through he
meter, we have no needle deflection.

6

Xi4V

(R1)

24V

Check the true statements.

411111ID

(R3)

1. A ,:eltmeter connected between point 6 ald ground will indicate
18V.

2. A voltmeter connected between point 7 and ground will indicate
12V.

3. A voltmeter connected between point 9 and ground will indicate
6V.

Answers to Frame 21: 1. X 2.

34
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Frame 24
1

In the circuit below we have given you the voltage dropped across

each resistor. Fill in the values that would be indicated on the voltmeter
for each of the positions given. The first one has been lone for you.

Note: We are only using one voltmeter and connecting it to the
points indicated one at a time.

Answers to Frame 22: 1. X 2. 3.

35
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Frame 25

In thelast few frames we have been discussing voltage readings
taken between a test point and ground. You should also be able to
understand readings taken between two points. An important fact to
remember is that a voltmeter measures the differmce in potential
between the two points where it is connected. A. voltmeter (V1) connected
between points 2 and 3 in the circuit below would read OV. With 24V
at point 2 and 24V at point 3 the difference would be 24 - 24 OV.

A voltmeter (V2) connected between points 6 and 7 could read 4V as the
difference between 12V and 8V is 4V.

Fill in the values for the voltmeter readings between the following
points.

1. Between 3 and 4

2. Between 5 and 6

3. Between 7 and 8

4. Between 8 and ground

Answers to Frame 23: X 1. 2. X 3.

36

708



Frame 26

A circuit is said to be OPEN when there is a break in a complete
conducting path. Although an open occurs any time a switch is turned
OFF, an open may also develop accidentally due to a malfunction in the
circuit. To put the circuit back to normal operation, the open must be
found and corrected. Sometimes an open can be found by close look at
the circuit components. Bad components, such as burned out resistors
and fuses can be found by this means. Others such as a break in a wire
covered by insulation, or the melted element of an enclosed fuse, are
not seen by the eye. Under such conditions, it is important that you
have a good understanding of how to use a voltmeter or an ohmmeter to
help you find the open component.

BURNED OUT
LAMP BULB

11-131131

BURNED OUT RESISTOR

BURNED OUT FUSE BROKEN WIRE

check the true statements.

1. An open can always be located visually.

2. An open is an incomplete path for current to flow.

-131141

3. An example of an open would be a switch in a circuit turned
to the OFF position.

4. A burned out lamp bulb in a circuit would be an example of
an open.

Answers to Frame 24: V1 24V V2 24V

V5 110 8V V6 8V

37
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V3 24V

V7 OV
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Frame 27

An open was defined as an incomplete path for current to flow.
Although an open occurs any time a switch is turned OFF, an open may
also develop accidentally due to a malfunction in the circuit. Many
opens can be located by night; others need the use of a meter to
find the bad component. Using a meter to find bad components is the
topic of the remainder of this PT.

Check the true statements.

1. Current can still flow in an open series circuit.

2. A voltmeter measures the difference in potential between two
points.

3. A voltmeter can be used in locating open components in a
series circuit.

Answers to Frame 25: 1. OV 2. 12V 3. 8V 4. OV
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Erase 28

Let's get some practice troubleshooting with a voltmeter. In the
circuit below we have given you voltmeter readings at different points.
NOTE: We are using only one voltmeter and moving the positive lead from
one test point to another. The voltmeter readings at points 1, 2, and
3 indicate that we have a complete path for current flow up to point 3.
Do you see why? If not, restudy frame 26. Now Lrace a path from the
negative terminal of the battery through the voltmeter connected to
point 4, the switch, the circuit breaker, and back to the positive
terminal of the battery. Applying Kirchhoff's voltage law to this
path we see that the voltmeter should be dropping 24V since it is the
only resistance in this complete path. However, it is reading OV. This
means that no current is flowing through the meter. Thus, somewhere in
this path we have an open. Since we know the path is good up to point 3,
the open must be between point 3 and point 4. Thus, the switch is open.

AMP NIO

Check the true statements.

4WD

1. In the circuit shown the difference in potential betws..n point 3
and point 4 is 24 volts.

2. If the circuit breaker had been open, the voltmeter readings
at points 2 and 3 would also have been 0 volts.

3. There is no current flowing through Rl.

Answers to Frame 26: 1. X 2. X 3. X 4.
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In the circuit shown below we have even you voltmeter readings at
different points in the circuit. Since the voltmeter readings at points
2, 3, 4, and 5 are all 24V, we have a comp ?ste path up to point 5. If

you are not sure why, restudy frames 26 and 27. Now, trace a path from
the negative terminal of the battery through the voltmeter connected
to point 6, R1, the switch, the circuit breaker, and back to the positive
terminal of the battery. In this path we have two resistances, RI and
the voltmeter. The voltmeter should be dropping some of the voltage.
However. it is reading OV. This means that no current is flowing through
the voltmeter. Thus, somewhere in this path we have an open. Since we
know the path was good up to point 5, the open must be between points 5
and 6. Thus, R1 is cp.sn.

MI MI

111.2110

MI

Check the true statements.

1. A voltmeter connected between points 5 and 6 would read 24V.

2. If all the readings had been OV except the one at point 2, we
wuld have an open switch.

3. There is no current flowing through Rl.

4. A voltmeter connected between points 6 and 7 would road 24V.

Answers to Frame 27: 1. X 1. X 3.

40
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Frame 30

T7A the circuit shown below we have normal readings up to point 5.
The readings at points 6 and 7 are abnormal. Even though the reading
at point 6 is abnormal, know that we have a complete path up to
point 6 as the voltmeter connected there is deflecting. The voltmeter
connected at point 7 reads OV. Thus, we have no current flowing through
the voltmeter when it is connected at point 7. Therefore, we have an
open somewhere in this path. Since our path was good up to point 6,
the open must be between points 6 and 7. Thus, R2 is open.

Check the true statements.

1. There is no current flowing through R2.

2. A voltmeter connected between points 6 and 7 would read 24V.

3. If all the readings were the same as those above except hat
at point 6 we had OV, we would have an open in R2.

Answers to Frame 28: X 1. X 2. X 3.

41
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Frame 31

Let's think of one more problem before giving you some to do on your

own. The circuit we are using has three lamps in it. For troubleshooting

purposes treat the lamps just like resistors. We closed the switch and

none of the lamps came on. We made voltage checks at all the points

shown. Everywhere we placed the meter in the circuit it read 24V. From

the readings given we know we have a complete path up to point 8. Since

we know there must be an open in the circuit or the lamps would be lit,
the only possibility left is between 8 and ground. Let's see why! As

stated earlier the reading at point 8 would be OV as the ground wire
should provide a 0 ohms resistance path for the current to bypass the
meter when it is connected to point 8. Thus, the ground wire must be open

forcing the current to go through the voltmeter. Another way to explain

this problem is to recall that a wire (conductor) should have 0 ohms of
resistance. Since B 0, the voltage drop across a wire sUuld be OV.
Since any number times 0 is 0, E im I x 0 OV. Thus, we should not have
a meec...reble voltage drop across a short piece of wire. If, as in this
case, the wire is dropping all the applied voltage, you have an open in
the wire.

24V

I

1 2 3,--N4

1

"MIN 41111.

ORD MID

Check the true statements.

1. If lamp L2 burned out, lamps Ll and L3 would continue operating.

2. A difference of potential of 24V acros-, a wire would indicate

that the wire is open.

Answers to Frame 29: X 1. 2. X 3. 4.

42
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Frame 32

Analyze the meter readings in each of the following circuits. On

the blank trovided by each circuit list the type of trouble and the
faulty component. The first one has been done for you. Throughout
this PT all circuits will have at most one faulty component per circuit.

1. OPEN wi a between points 4 and 5.

2.

3.

.1011111

w .1

-
Answers to Frame 30: X 1. X 2. 3.
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Frame 32 (Continued)

4.

5.

6.

7.

24V

24V
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Frame 33

An open can also be located with an ohmmeter. Remember, an ohmmeter

has its own source of power and should never be used in a live circuit.
You must either open the circuit breaker, remove the fuse, open the
switch, or disconnect the wires. Before using an ohmmeter for trouble-
shooting let's see V- aadings an ohmmeter would indicate in a normal
circuit. The ohmme inected from point 8 to ground should read 0
ohms, since the resistance of the ground wire should be practically
C ohms. An ohmmeter connected from point 7 to ground should read 6 ohms,
the resistance of R3. Wheu the ohmmeter is connected to point 6, it
should read 18 ohms, the total resistance of R2 and R3. What would the
ohmmeter read when connected to point 5? If you said 24 ohms, you are

correct. The reason is, the ohmmeter is connected from point 5 to the
circuit ground so it reads the total resistance of the circuit.

1

Check the true statements.

1. An ohmmeter connected from point 4 to ground would read 24 ohms.

2. An ohmmeter connected from point 6 to point 8 would read 18 ohms.

3. An ohmmeter connected from point 6 to ground would read 18 ohms.

Answers to Frame 31: 1. X 2.

Answers to Frame 32: 2. open points 5-6 3. open 7-8

4. 2292-ki 5. 22211_1:11
6. otiiiririo *round 7.

45
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Frame 34

Let's get some practice troubleshooting with an ohmmeter. In the

circuit below we have given you ohmmeter readings at different points

in the circuit. We are using only one ohmmeter and moving the one lead

from one test point to another. Remember, in order to have needle

deflection, you must have current flowing through the movement. An

ohmmeter reading of 0 ohms at point 8 indicates that the ground wire

is good. An ohmmeter reading of 6 ohms at point 7 indicates that we
have a complete path up to point 7. When the ohmmeter is connected to

point 6, the needle doesn't deflect. This indicates that no current
is flowing through the ohmmeter when it is connected to point 6. Since

we had a complete path up to point 7, th 1.e must be an open between

points 6 and 7. Thus, R2 is open.

Check the true statemaltE.

1. If an ohmmeter was connected to point 6 in the circuit above,
the ohmmeter would read infinity (x) indicating that R2 is

open.

2. No deflection of an ohmmeter needle indicates that there is
no current flowing through the meter movement.

3. An infinity (x) reading indicates that we have an open.

Answers to Frame 33: X 1. X 2. X 3.

46
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Frame 35

In the circuit below, we have given vou ohmmner readings at
different points in the circuit. Since we have needle deflection
when the ohmmeter is connected to points 5, 6, 7, and 8, we must
have a complete path up to point 5. lumber start at point 8 to
trace your path. The infinity (0) reading at point 4 indicates that
there is not a complete path up to point 4. Since it was complete
up to point 5, there is an open between points 4 and 5.

Check the true statements.

1. An ohmmeter connected between points 4 and 5 would indicate .

2. An ohmmeter reading of infinity at point 8 indicates that the
ground wire is good.

3. An ohmmeter connected around an open will indicate infinity.

47
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Frame 36

You can also measure across a resistor to see what its value is.
For example, in the circuit below, if we measure across R1, we get 2
ohms. That is a good reading since R1 has 2 ohms of resistance. R2
has a value of 3 ohms and we measured 3 ohms, when we measured across
it. R3 should have a value of 6 ohms, however, we are reading infinity
(c0). This indicates that R3 is open.

MEV

,..tswers to Frame 34: X 1. X 2. X 3.

48
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Frame 37

Analyze the meter readings in each of the following circuits. On

the blank provided by each circuit list the type of trouble and the
faulty component. The first one has been done for you.

1. OPEN R2

2.

3.

49
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Frame 37 (Continued)

4.

5.

6.

8

ammo

I

Answers to Frame 35: X 1. 2. _X 3.
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Frame 38

Analyze the meter readings in each of the following circuits. On

the blank provided by each circuit list the type of trouble and the

faulty component.

1.

2.

3.

.11
.1

.1111111

51
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Frame 38 (Continued)

4.

5.

6.

WM.. MI,
...

CND

MM. WINNE.

.1. ...

52

..,
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7.

8.

---
Frame 38 (Continued)

MN,

9.

Have the instructor check your answers. Instructor's Initials

53
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Frame 39

Now let's take a look at what happens when a circuit develops a short.
A shon circuit is an acciden4.11 path of low resist_gice wke,ch prises an
abnormal amount of current. A short circuit exists whenever the tAsistanceof the circuit or the resistance of a path of c circuit drops in wilt,* to
almost zero ohms. A short often occurs u a result of improper wirinr dr
broken insulation. Figures A and 8 below shev examples of shorts cawed by
improper wiring. Fi, rft C shows an sxam'le of broken or worn insulation.

RESISTOR TERMINALS TOUCI4ING

A

BARE WIRES TOUCHING

C

IMPROPER WIRING

10TH WIRES
CONNECTED

TERME SAME
A,INAL

Check the true statements.

1. Ia figure A above, the current bypasses the resistor.

2. A short ci-cuit bypasses part or all of the circuit resistance.

3. A short circuit causes the resistance of all or part of the
.ircuit to drop in value to almost zero collar.

Anevers to Frame 37: k. Open 6-7 (R2) 3. Open 8 - around

4. Open 5-6 (R1) ). Open 7-8 (R3) 6. Open 4-5

54
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Frans 40

The purpose of each resistor in a series circuit is to drop some
of the applied vo.4,4ge. Sinct a shorted resistor is being bypassed
by a zero resistance path, the shorted resistor will have no current
flowing through it. The current will all be flowing through the zero
resistance path. With no current flowing through the resistor it will
not have any voltage dropped across it. In the circuit below we have
given you voltmeter readings at different points. Which resistor
does not have a difference in potential across it? If you said R2,
you are correct. Let's see why. The pctential at point 6 is 18V and
the potential at point 7 is also 18V. Thus, there is no difference in
potential across R2. Therefore, there is no current flowing through R2
and it must be shorted. There is current flowing through R1 and R3 as
indicated by the voltage drops across them.

2I4V

I

(Zero resistance path)

8

Check the true statements.

1. A voltmeter connected betweez points 5 and 6 will read 6V.

2. A voltmeter connected between points 6 and 7 will read OV.

3. A voltmeter connected between points 7 and 8 will read 18V.

4. The difference in poten:ie across a shorted resistor is OV.

Answers to Frame 39. X 1. X 2. X _3.
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Frame 41

In the circuit below we have given you voltmeter readings at
different points. Let's determine the faulty component. There is
no difference in potential across R1 since there is 24V on each end

of it. This indicates that there is no current flowing through R1.

There is current flowing through R2 and R3 since there is voltage

dropped across them. Since there is current flowing in the circuit,
but no voltage dropped across Ri, R1 must be shorted.

24V

T

NO
OM*

Check the true statements.

=IP

01=111.

MIN

1. The difference in potential across a shorted resistor is OV.

2. There is still current flowing through k and R3 in the circuit

above.

3. Resistor R
3

is dropping all of the applied voltage.

56



Frame 42

Analyze the meter readings in each of the following circuits. On

the blank provided by each circuit list the type of trouble and the

faulty component. The first one has been done for you.

1. SHORT R2

2.

3.

Answers to Frame 40: X 1. X 2. X 3. X 4.
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4.

Frame 42 (Continued)

6.

Answers to Frame 41: X 1. X 2. 3.
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Frame 43

Many times a short circuit will result in the fuse blowing, or
circuit breaker popping. When this happens you will need to use an
ohmmeter to find the faulty component. Since a shorted resistor
Is being bypassed by a 0 ohms resistance path, an ohmmeter connected
around a shorted resistor will read 0 ohms. In the circuit below we
have taken ohmmeter readings across each resistor. Which resistor is
shorted? R1 is shorted since the ohmmeter connected around it reads
0 ohms.

2 3 4 5

R2 R3

Check the true statements.

1. An ohmmeter connected

2. An ohmmeter connected

3. An ohmmeter connected
as one connected from

from point 8 to ground should read 0 ohms.

from point 7 to ground should read 20 ohms.

from 5 to ground would read the same
6 to ground.



Frame 44

In the circuit below we are trying to find the reason that the fuse

has blown. Let's discuss the ohmmeter readings one at a time. The

reading at point 8 should be 0 ohms as we are Just measuring the
resistance of the ground wire. The reading at point 7 should be 6
ohms as we are checking the resistance of the ground wire and R3.
The reading at point 6 should b.. 12 ohms as we are now :pecking the
resistance of both R2 and R3. However, the reading at point 6 is
6 ohms. This indicates that R2 is not offering any additional
resistance to that of R3. Thus, there must be a path for the current

to bypass R2. Therefore, R2 is shorted.

Check the true statements.

1. If the fuse has blown in a circuit, you probably have a short
somewhere in the circuit.

2. An ohmmeter connected between points 5 and 6 will read 12 ohms.

3. An ohmmeter connected between points 6 and 7 will read 0 ohms.

Answers to Frame 42: 2. short R3 3. short 11 4. short R2

5. short R1 6. short R3

732
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Frame 45

Analyze the meter readings in each of the following circuits. On

the blank provided by each circuit list the type of trouble and the
faulty component.

1.

2.

3.

Ms.

Answers to Frame 43: X 1. X 2. X 3.
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Frame 45 (Continued)

4.

5.

6.

.1=111116 ~IN

Answers to Frame 4h: X 1. 2. X 3.

62
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Frame 46

Analyze the meter readings in each of the following circuits. On

the blank provided by each circuit list the type trouble and the faulty

component.

2.

3.

MN,

63
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Frame 46 (Continued)

14.

5.

6.

Have the instructor check your answers. Instructor's Initials
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Frame 47

Many students have difficulty distinguishing between opens and
shorts. An open is an incomplete path for current and stops the
current flow in that path. A short is an accidental path of low
resistance which passes an abnormal amount of current. Many times
a short will cause the circuit breaker to pop. In the circuit below
we have given you the normal voltage readings at the points indicated.
Let's see what the readings would be if R1 became open. If R1 became
open the lamp would go out as there would not be a complete path for
current flow. There should still be 24V at point 5. The voltmeter
would read OV when connected at point 6. The reason is there is not
a complete path up to point 6 with R1 open. With no current flowing
through the meter, the needle would not deflect.

Check the true statements.

1. A voltmeter connected between points 5 and 6 with R1 open
would read 24V.

2. The 'amp would go out if the ground wire was disconnected
from point 7.

Answers to Frame 45: 1. short R3 2. short Ri 3. short R3

4. short R2 5. short Ri 6. short R2
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Frame 48

We are using the same circuit as we used in the last frame. The
normal readings are given. Now we are going to assume that R1 becomes
shorted and that the current doesn't get high enough to pop the
circuit breaker. Would the lamp continue to burn? Yea, in fact it
will be burning brighter. Let's see whys The potential at point 5
should still be 24V. What would the potential at point 6 be? If you
said 24V, you are correct. The reason is the current is bypassing R1,
so R1 is not dropping any voltage. Thus, it will have the same potential
on each end of it. Now it should be evident why the lamp would be burning
brighter. Instead of dropping 18V it is dropping all 24V.

Check the true statements.

1. When R1 becomes shorted, Ll will bura brighter.

2. With R1 shorted a voltmeter connected around Ll would read 24V.

3. There is still current flowing in the circuit when the lamp
burns out.

AA
38
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Frame 49

We have given you three identical circuits below. In circuit A we
have given you the normal voltage readings of the circuit. In circuit B
we have given ynu the readings that would be obtained if R3 became
open. In circuit C we have given you the readings that would be obtained
if R3 became shorted. In all the circuits in this lesson we will not
give you any circuits with more than one faulty component. Looking at
circuit B you see that we have 24V on each end of Rl. Thus, your
first inclination might be to say that R1 is shorted. However, look at
R2. It also has 24V on each end of it. Thus, it also would have to be
shorted. However, we are assuming only one faulty component per problem.
Thus, R1 and R2 are not shorted. The reason they are not dropping any
voltage is that with R3 open there is no current flowing in the circuit.
With no current nos-111g in the circuit there can be no voltage dropped
across R1 an, R2. From the readings given we know we have a complete
path up to _oint 7. We don't have a path to point 8. Thus, R3 must be
open. In figure C we have current flow since both R1 end R2 are dropping
some voltage. Thus, we know that we can't have an open in ci. uit C.
However, R3 has the same potential on each end of it, so it is shorted.

Circuit A.
Normal Circuit

Circuit B.
Open R3

67
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Frame 49 (Continued)

Check the true statements concerning the analysis of series circuits.

1. An open resistor will have a difference in potential equal tc

the applied voltage.

2. A shorted resistor has no difference in potential across it.

3. A voltre connected around R3 in circuit C would real 24V.

4. A voltmet.,e connected ground R3 in circuit B would read 24V.

Answers to Frau* 47: X 1. X 2.

Answers to Frame 4d: X 1. X 2. 3.

68
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Trame 50

This frame and the next three will be a review of this PT. Analyze

the meter readings in each of the following circuits. On the blank

provided by each circuit list the type of trouble and the faulty

component. Be sure to distinguish between shorts and opens.

2,

3.

24V

I
11M M

=MB
M

24V

I

Answers to Frame 49: X 1. X 2. 3. X 4.
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Frame 50 (Continued)

4.

5.

6.

7.

MEP

.011010

=11111

74 2
70

4



Frame 51

Analyze the meter readings in each of the following circuits. On

the blank provided by each circuit list the type of trouble and the

faulty component.

1.

2.

3.

743
71



Frame 51 (Continued)

4.

MM.

5.

=la

8
-Novvoi--411

R3=6.A.

.M1111

6.

7.

744
72

11.



On the

the type of

Type of

trouble

la. b.

2a. b.

)a. b.

Frame 52

appropr_ -e blank by each os. the following circuits list
trouble and the faulty component.

Faulty

component

4.a. b.

5a. b.

ME.

=ID

24V
I

Oh, =ID
=WM 001111

73
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Frame 52 (Continued)

Type of Faulty
trouble component

6a. b.

MED NM,

9a. b.

:Loa. b.
4'11.y 45

I

0
NM,

Rr5du Rein_ Rragl.

8

MEM MOON. OMMNI.

=lb

Have the instructor check your answers. Instructor's Initials

74 746

=lb
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Answers to Frame 50: 1. Open R2 2. Short R2
3. Open 3 - 4 4. Short R1
5. Open Ri 6. Open 8 to Ground
7. Shot R3

Answers to Frame 51: 1. Open R1 2. Short R1
3. Open 8 to Ground 4. Open R2
5. Short R3 6. Short R1
7. Open R2

7 4/
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PARALLEL UIRCUITS

SERVICE TEST
C3ABR42331-H0-117A

8 December 1983

INSTRUCTIONS

llsing Kirchoff's Current, Kirchoff's Voltage 41'4 Ohm's Laws, solve
for the following unknown value(s).

l

a.

3.

14.

V
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Environmental Branch
Chanute AFB, Illinois

SERIES CIRCUITS

SERVICE TEST
C3ABR42331-H0-117A

27 January 1984

INSTRUCTIONS: Using Kirchhoff's Current, Kirchhoff's Voltage and Ohm's
Laws, solve for the unknown value(s).

1.

14: 124.

1..

Ise 24.
eir2: ARs=3.4.

V

3. (...1
--1.-
TEt.:21V

Zoir

4.

Ez'3V
CL,

°Re

OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P 150; DAV - 1

Designed for ATC Course Use.
1
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-111--fil
8.
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II.
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lte4R.2 24- '

.111---411
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Environmental Pneudraulics Branch
crRvicr 11Chanute AFB, Illinois

C1ABH42111-110-117B
PARALLEL CIRCUIT TROUBLESHOOTING

INSTRUCTIONS

Using the malfunction indication and meter readings, locate andrecord the probable.

Part 1a - Opens (Voltmeter)

inoperaiive
2 3

I .

--12V

Nie.i4-her resisi-or Loll( drop vol+age a.

/Gy

3. M. inoperative

R,.

3176ICHT(,
OISTIOBVIION: X

1570 TCHT0111,U-P 150; DM 1

3.

753



3o+h I igh-fs worif work 11.

s. RI wi II not drf-::: voltage S.

375 4



?ctr+ 16 Opens (06nrre-1-er)

won)-1- wor k
2,p

arob
rm.. roe
ar

et Li inooercri-ive.
-,--1 41'.......

....--7-I
3. Ttia inopera+Ive

9.

.111--4 II

L
b.

.
a Inopera..+ive

±---iiit"-'I
Q

Li

10. Both r iisfors inopertive
.

10.



li'lrt .2 - Shor+sCOhmme+er)
No-1-e: You cannot 4-roubleshoefr 3 hor+s in a parallel circu.1+ ta;4-h a voltmeter:)

I. c,,Raand R3 Lk) i II not work

____.?r1,,..-'

12n. 124. 12-ti.
R Ra7 3

Q. L igh+s will not turn off a

3. R, Lui it no-I. drop vol+as e. 3.

ii . Moors .4.) i II not turn over

5



Par+ 3- Opens anci Shoi- is (Ohrnme+er)
I. Ail li li+s irloperafi've. I.

Ri inopera +ive.

3. M1 inoperaiive

4. RA inoper a+ ive

5. All li h+5 inopercdive

Li.



- -

'Par+ 4 - Opens and Shorh (Volt and Oftenrneht)

I. i no erative_

2. Lisil+s w i II 00+ +urn off 2.

3. Ra wit I not drop vol-fame

/OMNI.
mID

9. A l l loads do no+ work 4.

7 758



fikrf 4 ( Con4)

5. Rests +ors Loon)4- work

II

1?a

to

1Z3

6.

=WWI

.10}

6. Mo+ors (IA II nod- work

TI
dm..
.m

7. 11 will not Ii9ki-

111----i111---

91/

=.
MM

7.

.0.M

8. Ra tiiiil not drop vol+a9e. e
40.

1

8
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Par+. '-i -(Cong.)

0 q. LA Loon3+ I i3h+' 9.

lo. R, inope ra+;ve 10

r
I A es

41.
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SERVICE TEST
Environmental Pneudraullcs Branch C3ABR42331-H0-117B
Cuanute AFB, Illinois

INSTRUCTIONS
SERIES CIRCUIT TROUBLESHOOTING

Using the malfunction indications and meter readings, locate and
record the probable malfunction.

Part la - Opens (Voltmeter)

I. All restsfors inopero.+iye
I 2

/?1 R1 1;t3

MOM

Z. All resisfors inopera+ive

resas4or.s Inoperxt+I've.. a

"RI

aa

4. All Ii9h4s Inoperafive

MI!
.2W

1I

ai
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P 150; DAV - 1 7 6 2
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"Part 2Q- Shorfs ( \kat me4-er)

1. B1 inopera-hve

2. Lights cannot be fumed 04 2

3. Ma inoperokive 3

4.1i3 inoperative,

4
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#Par+ 30. -Opens and S6orfs (Vol+rturi-er)

I, All 1191)+5 .thoperalbive. 1.

2. Ma ;noperokive.

II"

3. 113 Inopera+tve,

4. All loads inopera-five 4..

e

5. L ighis shxy on w'rih eircui+ breaker.
tu.rneci 044.

a

766
6



Part 3b- Opens and Shorts (Ohrnmeier)

1:Resis+ors dicinotdrop volfo9e

a. MI inopera-Eive

3 All loads inoperctfive 3

inopera.live

I

V1/11111111.......

1 i

Li91-rts wi II not +urn off

7767



i
'Par+ 4 - Opens and 5 kor4-5 (Vo I+ and Olunmafers)

I. 'Resis+ors do no+ work

2. Mofors run when +urned off

3. L1 Inopera+ive 3.

li. All 1. his inoperafive. f1.

..E
I

5. 'RA inopera-Five

.

5.

8 768



4. Al I loads do naf- work 6.

7 RI and 'R2 do no+ work

it Rawi II noircirop vol+a9e

il

9. 1 inopera.+ive

10. mai-ors will not stop when +urned 10.......__
off

"MO 411111

VII el
o e

.....
9 '
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OBJECTIVES

Using pertinent laws and formulas, solve for unknown values in
parallel circuits. A minimum of eight out of ten circuits must be

correct.

Using schematic diagrams of parallel circuits, malfunction
indications and meter readings, specify the type of troubles for a

minimum of eight out of ten indications.

INSTRUCTIONS

This programmed text presents information in small steps called

"frames." Carefully study the written material and/or schematic
in each frame until you are satisfied you understand its contents.
Each frame requires you to select true statements, solve problems,

etc. Specific instructions are provided in each frame. After you

have made your response in this book, compare your answer with the
answer on :he top of the next frame (Frames 1 thru 15) and at the

bottom of the page to pages over for Frames 16 thru

If you are correct, go on to the next frame. If you are incor-

rect, study the frame again and correct your mistakes before

continuing. If you still can't understand your mistakes, ask your

instructor for assistance. Read carefully, select the correct

answer(s) and DO NOT HURRY. Be sure you have the handout (HO) in

front of you called RULES, LAWS AND FORMULAS.

Supersedes 3ABR42331-PT-118, 27 May 1981.

OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 500; DAV - 1
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Frame 1

A parallel circuit is a circuit that has two or more paths for
current to flow through. The components that make up a parallel
-Arcuit are arranged so that current will have more than one way to
flow. Start tracing at the negative Tole of the power source and
follow all the paths back to the positive circuit.

Determine which circuit(s) below is/are PARALLEL CIRCUIT(s) and
circle its/their nutie,er(s).

1.

WM.
allWim

=MEM

-7-

3. -
111-1 I

S.
11111111 V V

2.

4.
11H11111

6.

772
3



Answers to Frame 1: 2t 3, 6

Frame 2

The illustrations below are parallel circt.it diagrams.

r--4111+

Circle the number of the statement which correctly describes
parallel circuits.

1. Circuit components are arranged such, that all the current
must flow through the only path provided.

2. Current will divide and flow through all of the paths provided.

4



Answer to Frame 2: 2

Frame 3

Since current has been provided with more than one path in which
to flow, you can see how the main current would divide and flow across
each of the paths. How much of the current flows through each branch
of the circuit depends on how much resistance is in each branch.
Certainly there will be more current flowing in a branch that has a
small resistance than there will be in a branch with a large amount

of resistance. Regardless of the amount of current flowing across
each branch, one thing is certain, the "TOTAL current flow in the
entire parallel circuit is the SUM of the currents flowing through

each branch!"

13 s 12a

Circle the letter of the statement below tnat describes the
characteristic of amperage in a parallel circuit.

A. Total amperage is the sum of all the amperages of the branches.

B. Total amperage is the same throughout the entire circuit.

5 77,1



Answer to Frame 3: A

Frame 4

If you recognize total amperage as being the SUM of the amperages
throughout the circuit, solve the problems below, Enter your answer

in the proper space.

1. 2.

3.

It 11

12 .3a

11111-ill

It so

...la

It . 9a

775
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12 is



ET =loot/ Er100v E3.1001v

Answers to Frame 4: 1. 3a 2. 5a 3. lla 4. 94a

Frame 5

Total amperage is ALWAYS the SUM of the amperages in a parallel

circuit. Let's consider the effect of voltage in a parallel circuit.
Voltage in a parallel circuit pushes with equal pressure across all

of the branches, Thus, what we have said here is: Voltage is the

SAME across each path in the circuit.

Notice what happens to the applied voltage in the diagrams below.

=1211 121

l2v

Er100v

Below are some parallel problems. Solve the problems and write

your answers in the spaces provided.

2.

E
2
7v



Answers to Frame 5: 1. 4V 2. 7V 3. 3V 4. 2V

Frame 6

So far you have seen that amperage is the "SUM" and voltage is the
"SAME" in a rirallel circuit. Using this information and OHM'S law,
solve te problems listed below and write your answers in the spaces
provide:I,

2.

8 77'/

14.3a

2

2
.'8a

R
2



Answers to Frame 6:

1. E
t

= 24V El = 24 E2 = 32t

It I
1
= la= 3a I

2
= 2a

R
t
= 82 R1 = 242 R2= 122

2. E
t

= 24V E
1
= 24V E

2
= 24V

I
t

12a I
1
= 4a I

2
= 8a=

Ri = 6L1 R2 = 3S2R
t

= 22

3. E
t

= 8V El = E E2 - E E3 = E E4 = 8V

1
2

= 8a 1
3
= 20a I

4
= 3aI

t
= 33a I

1
= 2a

Frame 7

Perhaps you noticed while you were working the problems in frame 6,
that the total resistance (R

t
) was even less than the smallest resistor

in the circuit! If you didn't notice, go back and look at the Rt value.

How can this be? By adding more resistors in parallel, the current has
more paths to flow through. Therefore, the total resistance in the
circuit must be lcwered to allow more current flow from negative to
positive.

Circle the number of the statement below that best describes
resistance in a parallel circuit.

1. Adding resistors in parallel will cause resistance to increase
and amperage to decrease.

2. Adding resistors in parallel decreases the resistance by
offering more paths for current to flow, therefore, increasing
the amperage.

3. Total resistance is the sum of the resistors in parallel.

4. Total resistance is the same as any resistor in the circuit.

778
9



IfiLz.wer to Frame 7: 2

Frame 8

Using ohm's Law and the characteristics of voltage (same) and

amperage (sum), solve this problem. Pay particular attention to the

total resistance. Write your answer in the spaces provided.

E2.
I2

2

litifore you compare your answer with the ones on the next page,

41.1 y.iti fili0 1110 4441 redi8tdoce (la
I

) ro he 10813 rhan the as:finest

resistor/ Jr not, work the problem again,



Answers to Frame 8: E
t

24V E
1

24V E
2

24V

I
t

6a I
1

2a 12 m 4a

R
t

4n R
1

120 R
2
m 6W

Frame 9

Match the terms to the statements on the left by writing the letter
of the terms on the right.

1. Remains the SAME throughout the
parallel circuit.

2. Is the SUM of all of those in the
parallel circuit.

3. Is SMALLER than the smallest in the
parallel circuit.

780

a. Current

b. Voltage

c. Total resistance
(R

t
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Answers to Frame 9; 1. t. 2. a 3. e

New to mathematically Solve for the total resistance in the parallel
circuit without current or voltage values given in a circuit is shown

below. What is the total resistance? It can't be 21 ohms since that

isn't "smaller than the smallest resistor."

Using the formula shown you will be able to solve for any Rt in a'

Durant)! eireult. Thls le called a reciprocal formula. 'you should tutu

scratch paper to work this problem below as you study it.

Rt

R sa.n. It sI211

11511I
6.10

1111 1
+ + + + + etc.
R R R RR5

Now let's take only what's needed from this formula and solve for

lit in the above circuit.

--
1

t 1+1+ 1
R
1

R
2

R
3

Because the circuit has only three resistors we will need only
parr of the formula to solve P or the above circuit.

It a --- 1
1 I

i
I

-1

1: i 1: / 1 ,' : t

Now su.stitute the tazistI.ve valued into the formula.

1
R 0
t 1 + +

1 1 4 numerator
3n 6n 1211 denominator

In any fraction the top number is called the numerator cd the

bottom number is the denominator. The lowest common denominator (LCD)

is the smallest number which all denominators can be dividea into evenly.

In our example 12 is the LCD, (the smallest number 3, 6, and 12 can be

divided into evenly).

(LCD) 12 31 4

12 4 60 2

12 4. 120 1
12

781



Frame 10 (Continued)

Replace the resistive values with equal fractions which use thL LCD

as their denominators. To do this, divide the denominator of each
fraction (3c, 6Q, and 12)) into the LCD and enter the result over the

LCD.

R
t

1 7
=

3i1 12
3)12

1

7 7 7

12 12 12

4

2
1 7

= 6)12 =
6Q 12

1 7

12Q 12
12)12

1

1
R
t 4 4.

12 12 12

Now, add the numerators, 4 + 2 + 1 - 7. DO NOT add the LCD,
simply enter the sum of the numerators over the LCD (12).

1
R
t 4 + 2 + 1

12

1
A
t 7

12

7 7
To complete the problem you need to divide into 1 is actually

12 12

the denominator of the larger fraction and 1 is the numerator). Dividing
a fraction into another wimber is the same a3 inverting that fraction and
multiplying it times the other number.

7

Rt. 1 + Ty

R
t
= 1 X

12

7

Rt 17

The final step is to convert this fraction into a whole number.
Do this by dividing the denominator into the numerator.

1.71

R
t
- 7)12.00

7

50

49

10

7

R
t
= 1./1W

13

782



Frame 10 (Continued)

Using the reciprocal formula solve for R* in the circuits below.

Write your answers in the blanks provided.

I.

2.

Rt a

ill

R
2 12.A. R

3 a ILA.

SERIES CIRCUIT
'4

Note: Compute the series circuit
first, using the series circuit
rules.

14

783



Angworm to Frame 10t 1. 1.8W 2. 2.09n 3. 1.33 4. 1.920

Frame 11

The next formula we will cover is the product over the sum, which
is also used to solve for total resistance in a parallel circuit.
This formula is primarily used when there are two (2) resistors in
parallel whether they are of equal value or not.

When two (2) numbers are multiplied the answer is called a
product. When two (2) numbers are added the answer is a sum. Therefore
this formula is worked by multiplying two (2) numbers, then adding the
same two (2) numbers, and dividing the two (2) answers.

For the circuit shown below, we will solve for Rt using the product

over the sum formula. The formula you just covered in the last frame
could also be used, however, at this time let's use the product over the
sum.

You should use scratch paper to work this problem below as you
study it.

R X R
Step (1) R . 1 2

Rt
R
1
+ R

2

8 X 4 32
(2) R

t 8 + 4 12

(3) Rt = 134 = 2.6660

(4) nt - 2.6660

(5) Rt - 2.670

15
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Frame 11 (Continued)

Using the product over the sum formula solve for Rt in the circuit

below. Write your answer(s) in the blanks provided.

21

3 I

Rt Rr 8 ..n. p2 16 ..n-

-7-. -:-.

Rt Ri 4

16
P*1 p

2n.

NOTE: Compute the total

resistance in the

series circuit.



Answers to Frame 11: 1. 1.50 2. 5.330 3. 2.00 4. 6.40

Frame 12

The last formula we will cover is the resistive value over the total
amount of like resistors in parallel.

This formula is primarily used to solve for total resistance in
parallel circuit if all the resistance values in parallel are equal.
The reciprocal formula shown in frame 10 can also be used, however the
formula, shown in use balaw, is easier and faster to use if the resistive
values are equal in value.

You should use scratch paper to work this problem.

t
RI. 4 R2ge 4 R3 4

The value of one of the resistors in parallel
Step (1) R

t N
= if they are all equal in value.

4;
The number of resistors in parallel.

(2) R
t 3 ea

40

(3) R
40

t 3 ea
= = 1.333

(4) R
t
= 1.333 = 1.330

(5) R = 1.330
t
1.333

357:05
3

10

9

10

9

10

9

1

This 40 resistance is the value of one of
the 40 resistors in parallel only if all
the resistors in the circuit are of equal
value.

This is the total of like resistors used
in parallel with each other.

17
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Frame 12 (Continued)

Using the resistive value over the number of like resistors formula

solve for R in the circuit below. Write your answer(s) in the blanks
provided. t

t.

2.

R

2.n..

Ft= 2.n.

R344% R
4=

411.

=1.1
111

Note: Solve for the series circuit first.

1
ROA.

L_

R
2
=4.n. Pte 4.a.Rt 2

4.

Note: Solve for the series circuit first.

,--010VAA.

R2* 51L

R
4
84.o-

R
4

2 10.n.

I

R,

Note: Solve for the series circuit first.

18
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5
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Answers to Frame 12: 1. 1.330 2. 1.00 3. 2.00 4. 2.00

Frame 13

When determining the TOTAL values in a parallel circuit, you must
decide whether the characteristic to use is the SUM, SAME or SMALLER

THAN THE SMALLEST.

In the space provided, write the characteristic beside the

word it describes.

a. Voltage:

o. Amperage:

c. Resistance:

19
788



Answers to Frame 13:

a. Voltage: .9 the same throu h the parallel circuit

b. Amperage: is the aum of all the amperages in the parallel circuit

c. Resistance: is smWer than the smallest resistor in the
parallel circuit

Frame 14

SAME (E) VOLTAGE

SUM (I) CURRENT (INTENSITY)

SMALLER THAN THE SMALLEST (R) RESISTANCE

If you remember them in this order, it's much easier.

If you really understand these characteristics, there are several
problems in frame 15 that will help you see how true those characteristics

are. It will show you how far you have none in the field of electricity

and electronics tool

You should be able to solve all the problems in frame 15 using

Ohm's Law.

E I X R, I
R'

R Q and th' characterietics of parallel and

series circuits.

Characteristics of SERIES CIRCUITS:

SUM: total voltage is the sum in a series circuit.

SAME: total amperage Is the same in a series circuit.

SUM: total resistance is the sum in a series circuit.

Characteristics of PARALLEL CIRCUITS:

SAME: total voltage is the same as any voltage in the circuit.

SUM: total amperage is the sum of all the amperages in the circuit.

SMALLER THAN THE SMALLEST: total resistance is less than the smallest
resistor.

NO RESPONSE REQUIRED

20
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R
t

R
1..50

C)

1.

Frame 15

Solve the following and write the answers in the blanks provided.

6.

2. 7.

3.

4.

5.

t
E
1

R
2
-30Q

E E
1
110V E2 =........

I
t
2a I

1
=la I

2

R
t
.155C R

1
R
2
110R2=11052

E
t
24V E

1
E
2

Its I
1
1.12a I

2

R
t

R
1 --- R 120

2

8.

9.

10.

Rtu 11372

R
3
2S2

-I_ Et =18V

I If

R
2
60

E
2

I
2
4.2a

R
2

-40

R
t

R1180
2
.190

P
t

P1 P
2
=

E
1

E
2 3

-12V

t4.841

R 7

I I
1

R
2

R f42
2

P

3

R3=40

P =

t 1 '

Pt= P
1 2 3
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1.

2.

3.

5.

CORRECT RESPONSES FOR PARALLEL CIRCUITS in Frame 15:

18a

=30SZ

=110V

E
t
=110V E

1
=110V E

2
=110V

II
t
=2a

2
=10

Rt =5552 R
1
=110Q

2
=110Q

E
t
=24V E

1
=24V

I
1
=2a

R
t
76E R1 =1252

---

6.

7.

8.

T
R
t
=1Si It

1
=6Q (i) R

2
..3S1 R

3
=2Q

9.

E
t
=12V

I I =3a

R
t
=4Q

E =18V

I t

R =6Dt__-
t

P
t
=54W

=4S1

2=921

I
2
=2a

2=L

E
1
=12V

R =12Q
1

E
1
=18

I
1

R
1
018Q

P
t
=18W

E
2

I ...2a
2 --

R
2
=9Q

P
2
=36W
---

10.

E3=12%

13=2a

" =4Q
v "3

P3`2§E.

=12V F,- 12V
aN_2.-a-
.T:)12

--R

E =12V

L..

=6.(Z
= 2

P =24W
1

_LE
t --- 1 ---

Ii=la

R -1.2a

I
t
=6a

1-- R =2Q
t

P =72W
E
2
=24V

= 1 ---

1'17E11t--- 2 ---
12=2a

e2=12S2
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PARALLEL TROUBLESHOOTING

Frame 16

In order to be able to troubleshoot a parallel circuit you must
know what readings would indicate a normal circuit. In the circuit
shown below, we have the negative lead of the voltmeter connected
to ground. The positive lead was left free so it could be moved
from one test point to another. What would the voltmeter read w:len
connected to point 1? If you said 24V, you are correct. Let's see
why. Trace a path from the negative terminal of the battery through
the voltmeter and back to the positive terminal of the battery.
The only resistance in this path is the voltmeter. Applying
Kirehhoff's voltage law to this path, we have the voltage drop across
the voltmeter equal to 24V. Thus, the voltmeter would read 24V. The
voltmeter connected at point 2 would also read 24V. Since a circuit
breaker is supposed to have practically 0 ohms of'resistance, the
only resistance in the path from the negative terminal of the battery
through the voltmeter and circuit breaker and back to the positive
terminal of th, battery is the voltmeter. Thus, the voltmeter should
read 24V when connected to point 2.

What should the voltmeter read when connected between each of
these points and ground. Put your answer on the appropriate blank.

1. Point 3

2. Point 4

3. Point 5

23
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Frame 17

We are still using the same circuit that we used in the last
frame. Let's connect the voltmeter to point 6. Trace a path from
the negative terminal of the battery through the voltmeter connected
at point 6, the switch, the circuit breaker, and back to the positive
terminal of the battery. The only unit of resistance in this path
is the voltmeter. Applying Kirchhoff's voltage law, we see that the
voltmeter should be reading 24V. The voltmeter connected at points
7, 8, and 9 should also read 24V. If you don't see why, trace a
complete path that includes the voltmeter and apply Kirchhoff's
voltage law.

. 1 I 1 I

Check the true statements.

1. In the circuit above, each lamp has 24V applied to it.

2. A voltmeter connected from point 3 to ground should read

24V.

3. A voltmeter connected from point 9 to ground should read

OV.

24 7 9 3



Frame 18

We are sill using the same OA uit that we used in the last
frame. What do you think the voltmeter should read when connected to
point 10? If you said OV, you are correct. Let's see why. The wire
between point 10 ani ground is providing a zero resistance path for
the current to bypess the 'ester. Thus, all the current goes through
the wire. With no current flowing through the meter, we have no
needle deflection. The same explanation is true for points 11 and 12.

-"2-4/14
--- 24V

I

6

0

MENNEN

12

What should she voltmeter read when connected between each of
these points and ground. rut your answer on the appropriate blank.

1. point 2

2. Point 9

3. Point 11

4. Point 8

5. Point 5

6. Point 12

Answers to Frame 16: 1. 24V k. 24V 3. 24V

25
794



Frame 19

An open was defined as an incomplete path for current flow. An
open in a series circuit stopped all current flowing in the circuit.
However, an open can happen in certain components in a parallel circuit
and there can still be current flow in other parts of the circuit.
Let's see, how. Assume the wire between points 6 and 9 became open.
When this' happens, lamp L3 will go out, but lamps L, and L

2
will

continue burning. The reason lamps L1 and L
2

zontinue burning is that

there is still a complete path from the negative terminal of the
battery through lamps L1 and L2 and back to the positive terminal
of the battery.

Check the ta* statements.

1. If the wire were cut between points 5 and 6, lamps L1 and
L
2
would continue burning.

2. If lamp L2 burned out, lamps L1 and L
3
would continue

burning.

Answers to Frame 17: 1. / 2. 3.

26
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Frame 20

In the circuit below, lamp L2 will not light. Let's see what

possible components could caL3e this malfunction. First of all, it
can't be anything in the circuit from the battery to point 5. An
open in this portion of the circuit would keep all three lamps from
operating. What about the wire between points 5 and 6? It would
keep both lamps L2 and L

3
from operating. The wires between points 6

and 9 and between points 12 and ground will only affect lamp L3.

Likewise, the wires between points 5 and 7 and between 10 and ground
will affect only lamp L1. Thus, the only possibilities that would

keep only lamp L2 from operating are an open in the wires between 6

and 8, an open lamp L2, or an open in the wires between point 11 and

ground. Thus, it would be a waste of time and effort to take voltage
readings at points 1, 2, 3, 4, 5, 7, 9, 10, and 12 in this situation.
Before troubleshooting a circuit, get in the habit of analyzing the
situation by listing all possibly faulty components.

For each of the following situations, list all possible faulty
components that could cause the given indications. Assume that the
battery is good.

1. L3 is inoperative

2. Ll is inoperative

3. Lamps L2 and L3 are inoperative

4. All lamps are inoperative

Answers to Frame 18: 1. 24V 2. 24V 3. OV 4. 24V

5. 24V 6. OV
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vrame 21

!A.'s Lake a look at the readings in a circuit that has an open
in IL. In the circuit below all lamps are inoperative. We have given
you voltage readings at various points in the circuit. Since all lamps
are inoperative, the only points that are necessary to check are 1, 2,
3, 4, and 5. The voltmeter readings at points 1 and 2 indicate that
we have a complete path for current up to point 2. The voltmeter
should also be reading 24V at point 3. However, the needle is not
deflecting any when the meter is connected at this point. This indi-
cates there is an open between points 2 and 3.

Check the true statements.

1. A voltmeter connected between points 2 and 3 would read 24V.

2. A voltmeter connected between points 1 and 2 would read 24V.

3. If the readings at points 1, 2, and 3 had all been 24V and
the reading at point 4 OV, there would be an open between
points 4 and 5.

Answers to Frame 19: 1. 2.

797
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Frame 22

In the circuit below Ll is inoperative. Since L2 is
operating, there must be voltage at point 6. Thus the only
readings that we need to take in this problem are at points
9 and 12. The voltmeter connected at point 9 should be
reading 24V which would indicate that there is a complete
path up to point 9. However, the voltmeter connected at point
9 is reading OV. Thus, there is an open between points 6 and
9.

L
3
is Inoperative.

Check the true statements.

1. A voltmeter connected between point 6 and point 9
would read 24V.

2. A difference in potential of 24V across a wire in the
circuit above would indicate that the wire was open.

Answers to Frame 20: 1. Open between 6 & 9, 9 & 12, or 12 & ground.
2. Open between 5 & 7, 7 & 10, or 10 & ground.
3. Open between 5 and 6.
4. Open between 1 & 2, 2 & 3, 3 & 4, or 4 & 5.

29
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Frame 23

In the circuit below, lamp L3 is again inoperative. The only

readings that we need to take are at points 9 and 12. The voltmeter

reading at point 9 of 24V indicates that there is a complete path

up to point 9. We also have a normal reading of OV at point 12.

Lamp L3 has 24V applied to it, but it is not operating. Thus, L3

must be open.

24V

i
Om.

Check the true statements.

1. A voltmeter connected around lamp L2 would read 24V.

2. A voltmeter connected around lamp L3 would read 24V.

3. A voltmeter connected around an open unit of resistance

in a parallel circuit will read the same as when it is

connected around a good unit of resistance.

Answers to Frame 21: 1. 2. 3.

79d
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Frame 24

Let's take a look at one more parallel circuit that has an open
in it. In the circuit below, lamp L2 is inoperative. Since lamp L3

is operating, we must have a complete path to point 6. Thus, the only
readings that we need to take are at points 8 and 11. The 24V reading
at point 8 indicates that the path is complete up to point 8. What
does the 24V at point 11 indicate? If you said an open in the wire
between point 11 and ground, you are correct. Let's see why. The

249 reading at point 11 indicates that there is a complete path up
to point 11. Since this path is good up to point 11, the open must
be between point 11 and ground.

2 4

2417

Check the true statements.

1. A difference in potential of 24V between points 6 and 8
would indicate that there is an open in this section of
wire.

2. A voltmeter connected around a wire should read OV.

Answers to Frame 22: 1. 2.
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Frame 25

For each of the following problems, analyze the meter readings
and the statements of operation of the circuits to determine the
faulty component. On the blank provided by each circuit, list the
type of trouble and the faulty component. The first one has been done
for you.

1. (All lamps are inoperative)__ __OPEN Switch

f
I

'.. a.m..,

2. (Lamp L2 is inoperative)

am...,
...

9
L3

12

0111

3. (Lamp L2 is inoperative)

801
32



4. (Lamps L2 and L3 are inoperative)

24V

Frame 25 (Cont'd)

5. (All lamps are inoperative)

9

Answers to Frame 23: 1. 2. 3.
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Frame 26

An open can also be located with an ohmmeter. Remember, an

ohmmeter has its own source of power and should never be used in a

live circuit. Before using an ohmmeter for troubleshooting
parallel circuits, let's see what readings an ohmmeter would indi-

cate in a normal circuit. An ohmmeter connected at point 5 will read

3 ohms. Do you see why? An ohmmeter connected at point 5 does not

only read the resistance of 11, but will read the net effect of

three 9 ohm lamps connected in parallel. Using the like resistor

formula, Rt = R/N = 9/3 = 3 ohms. Since the lamps are in parallel,

the ohmmeter forces current through each of the parallel legs. If

you are still in doubt, trace three separate complete paths from one

side of the ohmmeter to the other.

Check the true statements.

1. An ohmmeter connected from point 7 to ground would read 9

ohms.

2. An ohmmeter connected from point 9 to ground would read 3

ohms.

3. An ohmmeter connected from point 5 to ground would read

the total resistance in the circuit.

Answers to Frame 24: 1. 2.
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Frame 27

Let's look at the readings in another normal parallel circuit.
Since the resistance of a wire is practically 0 ohms, an ohmmeter
connected at point 10 qhould read 0 ohms. The same is true for points
11 and 12. An ohmmeter connected at points 4, 5, 6, 7, 8, or 9 should
read the total resistance in the circuit.

"H

What should the ohmmeter read when connected between each of
these points and ground? Put your answer on the appropriate blank.

1. Point 9 4. Point 7

2. Point 10 5. Point 6

3. Point 12 6. Point 11

Answers to Frame 25: 1. Open Switch 2. Open between 6 & 8
3. Open L2 4. Open between 5 & 6
5. Oen circuit breaker

35

804



Frame 28

If we had an open in one of the parallel branches as shown in the
circuit below, our ohmmeter readings would change. An ohmmeter con-

nected at point 5 would now read 3 ohms. Let's find out why. The

ohmmeter would now read through the second and third branch only
(6/2 = 3 ohms). If the wire between points 6 and 8 had been open

instead of between points 5 and 7, the ohmmeter would still read
3 ohms when connected to point 5. Now it is reading through the first

and third branch only. For ease of troubleshooting at this point, we

will modify the circuit. We'll discuss this in the next frame.

I

Check the true statements.

OPEN
9

1611 R2=6 a R3=611

10 11 12

1. An-ohmmeter reading of 3 ohms at point 6 indicates that

R
2

is open.

An ohmmeter reading of 3 ohms at point 9 indicates that

one of the branches is open.

3. If the circuit was normal, an ohmmeter connected at point 6

would read 2 ohms.

Answers to Frame 26: 1. 2. 3.
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Frame 29

In order to locate an open in a parallel circuit with an ohm-
meter, you will modify the circuit by disconnecting each of the
individual branches. This has been done in the circuit below.
Let's assume that the wire is broken between points 5 and 8 and that
the break cannot be spotted visually. Let's determine from the meter
readings which component is open. An ohmmeter reading of 0 ohms at
point 11 indicates that the ground wire is good. An ohmmeter reading
of 6 ohms at point 8 indicates that Ri is good. The ohmmeter reading

of infinity (03) at point 5 indicates that the wire between points 5
and 8 has au open in it. Remember an infinity (m) reading indicates
that no current is flowing through the meter movement. No current
flow means an incomplete path for current f16w which is an open.

I

Check the true statements.

1. An infinity reading at point 11 indicates that Ri is open.

2. An infinity reading at point 12 indicates that the ground
wire is open.

10 1,

6

6 n R
3

1 2

n
13

7

9 10

R2=61

Answers to Frame 27: 1. 2 ohms 2. 0 ohms 3. 0 ohms

4. 2 ohms 5. 2 ohms 6. 0 ohms

378 0 6



Frame 30

Let's take a look at another parallel circuit with an open in it.
We have: disconnected the branch circuits in the circuit below. The

reading of 0 ohms at point 1_' indicates that the ground wire for R3

is good. What does the infinity (cP) reading at point 10 indicate?

If you said R3 is open, you are correct. The reading at point 10

Ihould be the resistance of R
3
which is 12 ohms. A- infinity reading

at point 10 indicates that there is not a complete path between point

10 and ground. Since the path was complete up to point 13, the

open must be between points 10 and 13. An ohmmeter at point 7 is
measuring the total resistance between point 7 and ground. Since

there is an open between points 10 and 13, an ohmmeter at point 7
will also indicate co.

1 2 3 4

Check the true statements.

6

(----9-0"242R I I

6n

1. An ohmmeter connected between points 6 and ground should

read 12 ohms.

2. An ohmmeter reading of co at point 11 indicates that Ri

is open.

Answers to Frame 28: 1. 2. 3.
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Frame 31

In the cir lit below, we have given you ohmmeter readings at
several points in the circuit. The infinity reading at point 11
indicates that the wire between point 11 and ground is open. Since
the ground wire is open, the ohmmeter neeole will not be able to
deflect when the ohmmeter is connected at point 8 or at point 5.
Thus, from the readings given you can't determine the condition of
R
1
or the wire between points 5 and 8. For instance, in order to

determine the condition of R
1
you would have to connect the ohmmeter

between points 8 and 11. From this leading you could determine the
condition of R

1
.

IND

Check the true statements.

1. Ai: ohmmeter reading of co between points 9 and 12 indicates

that R
2

is open.

2. An ohmmeter reading of cc. ohms between point 13 and ground

indicateE that the ground wire is open.

Answers to Frame 29: 1. 2.
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Frame 32

At times you may find it impractical or inconvenient to isolate
completely the parallel branches of a circuit from each other. With
a few unmmeter readings this pc-sible disadvantage may be overcome
when troubleshooting opens. Let's look at the circuit below.

As we saw in frame 45, connecting an ohmmeter across the parallel
circuit as shown, we should read the total parallel equivalent
resistance. In this circuit the meter should be indicating 3 ohms
because the parallel branches are not isolated from each other. The
ohmmeter is indicating a total equivalent resistance of 4 ohms instead.
What could be the malfunction? What is happening is that of the three
normal paths that our ohmmeter current has for returning to its power
source only two are complete. The current path through R1 is not

complete. We can prove this by computing the equivalent parallel
resistance of R

2
and R

3
which is 4 owns and the amount of resistance

our ohmmeter is reading. R
1
must be open.

Check the true statements.

1. If the meter had indicated 3.5 ohms, the open would have
been between points 5 and 8, 8 and 11, or 11 and 12.

2. If the meter were connected -o points d and 11 and indicated
3 ohms, the trouble would be an open R

3
.

Ans.ers to Frame 30: 1. 1.

40 8'9
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Frame 33

Analyze the meter readings in each of the following circuits.
On in blank provided by each circuit, list the type of trouble and
1h faulty component. The first one has been done for you.

1. OPEN R1

2.

3.

ONO

IMMISMI

IMO

41 810

6 7

9 to

R2
6. 61i

12 13

9L2

9A,
12

10
L3



Frame 33 (Cont 'd)

14.

5.

11111MIIIM

Answers to Frame 31: 1. 2.

42 811
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Frame 34

Analyze the meter readings and circuit indications in each of
the following circuits. On the blank provided by each circuit, list
the type of trouble and the faulty component.

1. (Lamp Ll is inoperative.)

_JLT4r

I
2. (Lamp L3 is inoperative.)

.10

12

. IIMMI

MI IP

3. (All lamps are inoperative.)

43 812



Frame 34 (Cont'd)

4. (Lamp L2 is inoperative.)

IMIN111,

5. (Lamp L2 is inoperative.)

OM

6. (Lamp Ll is inoperative.)

11111

=IV

44 813



7. (Lamp L3 is inoperative.)

Frame 34 (Cont'd)

8. (Lamp L3 is inoperative.)

MallmEm

IIIM
11.

.10 SI L3 =5A

8

4110

9. (When the switch is ON, the ammeter reads 10a.)

//

Have the instructor check your answers.

Instructor's Initials

Answers to Frame 32: 1.
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Frame 35

If we have a short in a parallel circuit, we will probably never
get a 'fiance to troubleshoot with a voltmeter. Let's see why! In

the circuit below, the insulation on the posi.ive lead to L2 became worn

off and the bare wire touched the aircraft frame. A direct short
results. The current would become excessive causing the fuse to blow.
With the fuse blown, the circuit would be open. With no power in the
circuit, you could not use the voltmeter to troubleshoot. However,
by making a few circuit modifications we can use an ohmmeter.

Check the true statements.

1. The fuse would also have blown if L
3
had become shorted.

2. We could use a voltmeter to find the faulty component in

the circuit above.

Answers to Frame 33: 1. Open Ri 2. Open between 5 and 8

L3

3. Open L1 4. Open between 11 and ground

5. Open between 13and_ground
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Frame 36

We are using the same circuit that we used in the last frame.
An ohmmeter connected at point 1 would read 0 ohms. To see this
trace a path from the negative terminal of the ohmmeter through the
wire that is connected to point 2 and back to the positive terminal
of the ohmmeter. In this path, there are only conductors which have
practically 0 ohms of resistance. Thus, the ohmmeter would read 0
ohms. The ohmmeter would also read 0 ohms when connected at point 2
and at point 3. Thus, to locate the trouble, we will need to isolate
the circuit, or disconnect the units at points 1, 2, and 3 and then
check across the units.

2

I

Check the true statements.

611

3

1. If the circuit above was functioning normally, the total
resistance would be 18 ohms.

2. An ohmmeter connected between points 2 and 3 would read
0 ohms.

47 816
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Frame 37

Let's isolate the circuit by disconnecting the branch circuits
at points 1, 2, and 3. On the aircraft only one branch circuit is
disconnected at a time. An ohmmeter at point 1 and point 3 would
read 6 ohms. This indicates that these two branches are good. An

ohmmeter at point 2 would read 0 ohms. This indicates that there Is
a short from point 2 to ground.

Now we need to determine the location of the short. To do this
we will isolate the lamp. This is shown below. An ohmmeter reading
of 6 ohms at point 4 would indicate that the lamp is good. A 0 ohm
reading at point 2 would indicate that the wire at point 2 is shorted
to ground.

No further response is required; proceed to the next frame.

Answers t., Frame 35: 1. 2.

48
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Frame 38

Now let's look at another circuit that has a short in it. The
0 ohm reading at point 7 indicates that the ground wire is good. What
does the 0 ohm reading at point 4 indicate? If you said a short in
R
1,

you are correct. The reading at point 4 should be 30 ohms. Since

the ohmmeter is reading 0 ohms at point 4, this indicates that R1 is

being bypassed by a zero resistance path. In other words, R1 is shorted.

Check the true statements.

1. An ohmmeter at point 6 should read 30 ohms.

2. An ohmmeter at point 9 should read 30 ohms.

.111

3. An ohmmeter reading of 0 ohms at point 5 indicates that R2

is shorted.

Answers to Frame 36: 1. 2.

49 818



Frame 39

Let's discuss two possible shorts in the circuit below. Assume

Li became shorted. Would lamps L
2

and L
3
continue burning? If you

laid no, you are correct. In a parallel circuit, the total resistance
ih always smaller in value than the resistance of any of the branches.

Since L
I

is shorted, the resistance of the first branch is practically

0 ohms. Thus, R
t
is practially 0 ohms and as a result the current

would immediately become excessive causing the circuit breaker to
pop. When the circuit breaker pops, all the lamps would go out.
Now let's assume the lamps cannot be turned off. What co'ild cause

this indication? The only possibility would be a short between points

3 and 4. Therefore, even with the switch turned off, there is a complete
path for the current flow through the circuit. Thus, the lamps burn

when the switch is in the "OFF" position.

I
OM

Check the true statements.

1. If L
2
became shorted, lamps L

1
and L

3
would continue burning.

2. All lamps should be lit when the switch is closed.

813
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Frame 40

Analyze the meter readings In each of the following circuits.
On the blank provided by each cir..uit list the type of trouble
and the faulty component.

2.

'Plonk

3.

0111111

Gib

/
1 2

Answers to Frame 38: 1. 2. 3.
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Frame 41

Using the circuit below, analyze the meter readings in each of

the following problems. On the blank provided by each problem list

the type of trouble and the faulty component.

1. All lamps are inoperative. A voltmeter connected from point

2 to ground reads 24V, 3 to ground OV, and 4 to ground OV.

2. Lamp L3 is inoperative. A voltmeter connected from point 10

to ground reads 24V and 14 to ground OV.

3. Lamps L2, L3, and L4 are inoperative. A voltmeter connected

from point 6 to ground reads OV.

4. Lamp L4 is inoperative. A voltmeter connected from point 11

to ground reads 24V and 15 to ground reads 24V.

5. Lamps cannot be turned off.

6. Lamp L2 is inoperative. A voltmeter connected from point 9

to ground reads OV.

Answers to Frame 39: 1. 2.
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Frame 42

i_lalyze the ohmmeter readings in -ach of the following circuitc.

On the blank provided by each circuit, list the type of trc._hic and the
fault.), component. We are not showing the circuit breaker open even
though there might be a short in the circuits

1.

I
2.

OMIIIII

I
3.

I

liriv___41,- 4

1iiiii---3 '/ 4-----40----4D ----
6

on

10
L2 L3
611 6A

12 13

.1=1

2 3

e+5
Ll L2

6

6 11 on
11 12

WIRIOINO
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Frame 42 (Cont'd)

4.

I
5.

2 3 4

Li 1211

,11111
MIIMO MOOD

Mb

34/' 440 40--
.045

I 111
OM...

millo

LI

Answers to Frame 40: 1. short 11.3 2. Short R1 3. Short Ll
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BASIC ENVIRONM:NTAL SYSTEM TROUBLESHOOTING

Since all circuits are either series, parallel, or a combination
of the two, it is important that you have a good understanding of them.
By this time, you should be well equipped is this area. You should now
be ready to apply some of this knowledge to help solve some basic problems
in an environmetral system.

Frame 43

The environmental systems mechanic needs more than just a toolkit
to fix a malfunction. The most important thing in repair work is knowing
what to repair. There are many aids in t'oubleshooting that take the
guesswork out of the job. It costs time and money to change a part just
to see if that will fix your problem.

are:
Some common aids which every mechanic should learn to depend on

Tech Orders - These books tell you how the system should work.

Multimeters - These are one (:f the most useful tools in trouble-
shooting. The multimeter, u' en used correctly, will tell you if
you are getting proper voltage to a unit and it can be used to
detect open and sLorted circuits.

Wiring Diagrams - While In school you wi aee many wiring diagrams.
They break the system down and show yuu the path of current flow
through the circuits. Use these like you would a road map to go
across an unfamiliar city.

Working Schematics - Just as a machinist needs a blueprint to build
a pa:t, you need a selematie or working drawing of a system to see how
it works.

Pressure Gauges - Tell you a lot about system workings and will some-
times put you on the correct trail to locate the malfunction.

Temp Gauges - These are used by the flight crew to decide whether to
shut the system down or keep on flying.

Complete the following:

1. serve as a blue ?rint when trying
to figure how a system works.

2. A is a measuring tool used to check proper voltage
and detect open and shorts.

3. are drawings that show current
paths through a circuit.

4. are books that contain step-by-
step procedures telling how a system should work.

Answers to Frame 41: 1. Open 2-3 2. Open L3 3. Open 5-6
4. Open 15-ground 5. Short switch
6. Open 6-9

55 824
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Frame 44

One of the first things you need to know (ask yourself) about
troubleshooting is whether a problem actually exists. /1311 must be

familiar with the operation of a system to know what should work and

when. By performing an operational check on the system you can see

which part of the system is working and the parts that aren't.
Sometimes the only problem is that the switch is not turned on. You

should also check for the switch being in the proper position. Check

all circuit breakers nd fuses to see if an overload has occurred.
The increased current flow from an overload (short) will blow the
fuse or pop the circuit breaker.

Complete the following:

1 . US e

working properly.

2. A
to pop.

checks to determine if a system is

causes fuses to blow and circuit breakers

Answers to Frame 42: 1. Open Ll 2. Short Ll 3. Open 7-10

4. Open 6-9 5. Short L3
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Frame 45

In troubleshooting you will learn to recognize certain symptoms
as being associated with specific components or system malfunctions.
Here's an example: If the pilot places a demand for full cold air
from the aircraft air conditioning system and receives full hot air,
you know you have a system malfunction. Now you must use your past
experience, job knowledge and technical data to solve this problem.

Let's look at some of the common problems associated with this
malfunction:

1. The temperature control valve will not run to either the hot

or cold position. Always look for the obvious first. Ask yourself

these questions: Are the control switches for the system in the proper

position? Has a circuit breaker been popped or pulled? This kind of

logical thinking will save you many hours out on the flight line.

2. The temperature control valve will only run in one direction

(HOT). The logical conclusion is that power has been interrupted to

the cold side of the valve. Your first step would be to check the

continuity of the cold circuit.

3. The temperature control valve rum backwards. This is more

than likely a wiring problem. Using you. multimeter, you would check
to make sure that there are no crossed wires at either the valve control
switch or tho valve itself.

4. Many times you have a system that is operating properly in the
manual mode of operation yet is malfunctioning in the automatic mode.
In such cases a good wiring diagram and common sense will help you solve
this problem. If the malfunction is in automatic only, you will naturally
check only those circuits associated with automatic operation.

Check the true statements:

1. If a system does not run, first check switches, fuses and
circuit breakers.

2. If the temperature control valve works only in the hot direction,

it is necessary to first check the hot circuits.

3. To troubleshoot a temperature control valve that operates back-
wards, check the wiring with a multimeter.

S UMhAR!!

When troubleshooting, you will find that there is always a logical
sequence to take when trying to solve a problem. By the process of
elimination, common sense, and sound system knowledge you will be able to
solve the most complicated problems you encounter.

Answers to Frame 43: 1. iintim lchematics 2. Maltimeter

3. Wiring diagrams 4. Tech orders

Answers to frame 44: 1. operational 2. short

Answers to Frame 45:: 1. 2. 3.

57
826

82-66514



WORKBOOJ(

3ABR42331 -WB -118

Technical Training

Aircraft Environmental Systems Mechanic

PARALLEL CIRCUITS PERFORMANCE

4X

30.

7 August 1979

l'ilttg4r4tL

CHANUTE TECHNICAL TRAINING CENTER (ATC)
3370 Technical Training Group

Chanute Air Force Base, Illinois

DESIGNED FOR ATC COURSE USE
le N USE ON THE JOB

827



Environmental Pneudraulics Branch 3ABR42331-WB-118
Chanute AFB, Illinois

PARALLEL CIRCUITS PERFORMANCE

OBJECTIVES

Using a DC Fundamentals trainer, construct a parallel circuit
and measure electrical values with one instructor assist allo-ed for
each task area.

EQUIPMENT

Usis of Issue
Trainer P/N 521685 DC Fundamentals 1/student
Multimeter 1/student

SAFETY

Caution: Remove watches, rings, bracelets, etc., before
starting any work on equipment. It is also good safety practice
to work on the equipment with one hand. This practice reduces
the chances of receiving an electrical shock to some vital body
urgan when working with electricity. Also remember that light
bulbs, resistors, etc., do get hot and could burn the skin.

PROCEDURE

Pay close attention to all direjtions that you are given in
the workbook. When performing in the workbook, such as answering
questions or recording electrical measurements, if your response
is incorrect, restudy the information with instructor assistance
as needed. Do not hesitate to ask the instructor questions. You
will be required to accomplish several exercises and have some of
them checked by your instructor before you move to the next
exercise. You will also find that many of the exercises have the
correct answers on page 7 . After you hava completed all the
exercises you will satisfactorily complete the progress check
assigned by your instructor. Pages 12 through 16 may be removed
for your convenience.

When you leave your trainer for scheduled or unscheduled breaks,
complete the following checklist before you go.

Insure the SPST switch is turned off in the circuit.

2. Insure the 28V DC bus bar has all the electrical leads
removed from it.

Supersedes 3ABR42331 -WB -111A, 17 August 1977.
OPRi 3370 TCHTG
DISTRIBUTION: X

3370TCHTG/TTGU-P - 300; TTVSA - 1
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3. Insure the negative (black) bus bar has all the electrical
leads removed from it.

4. Insure the multimeter is properly stored during this period.

a. Insure the controls are properly set for storage.

b. Leave the test leads attached to the meter.

c. Wrap the meter leads around the instrument.

d. Place the meter on the loCker shelf.

5. When you return from break, take the same meter and go
back to work.

Exercise 1. TRAINER PREPARATION

1. The metal plate on the right side of the trainer may be
raised for your workbook to lay on.

2. Sign out a multimeter. See the lab instructor if
assistance is needed.

3. Insure that the instructor has connected power to the
trainer. You will do this by measuring the power with the multi-
meter at the positive (red) and negative (black) bus bars. These
bus bars are located in the lower right and left hand corners of
the trainer. If you don't read a voltage of 24 ± 4V DC, see your
instructor.

4. Insure that fuse wire is across the fuze holders of each
of the three (3) ammeters on the trainer. This will protect the
ammeter's internal circuit from an overload. If the fuse wire is
burned in two or is missing, see your instructor for assistance.

5. Pull the circuit breaker out (open) and turn OFF (open)
two (2) single pole single throw (SPST) switches.

6. Insure all leads in the drawer are in good condition
-with a plug at both ends. If you find any damaged leads, give
them to the instructor.

7. Examine the electrical lead ends, and note how you may
connect them together if one lead is too short. See your instructor
for assistance if needed.

Exercise 2

Note: In this exercise you are required to build a parallel
circuit with two (2) loads which will be light bulbs, both
sharing one common ground wire. Follow the steps given
following.

3
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1. Using the electrical leads from the drawer, construct the
circuit shown in figures 1 through 3, consisting of a circuit breaker,

SPST switch, and two light bulbs.

Note: If an electrical lead to too short you may connect leads
together to prevent stretching or breaking them.

2. Before applying power to your circuit, be sure you have
one path for current flow from the negative bus bar to the lights.
Tracing from negative to positive, electrons first go to the common
side of both lamps and from there they can go two different paths.
One is through the first lamp and the other is through the second

lamp. The electrons (current) will rejoin again at the common
positive side of the light that is closest to the SPST switch,
and follow one path to the positive bus bar. (You have formed a

parallel circuit at the lights.)

STOP and have your instructor check your work at this time.

3. After the instructor has checked the circuit and with
the instructor present, do the following:

a. Push the circuit breaker.

b. Turn the single pole single throw (SPST) switch ON.

The lamps should now light. If the lamps do not light, turn OFF
thw SPST switch and ask the instructor for assistance.

c. If the lamps light and everything appears OK,

turn the SPST switch OFF.

STOP and have your instructor initial here before you proceed.

Exercise 3

1, Measuring and proving current flow is the sum in a
parallel circuit.

a. You will use all 'brae (3) ammeters on the trainer to
prove current is the sum of all the currents in a parallel circuit.
Refer to figure 3 for the circuit construction. As you can see,
this is the same circuit you have previously done. Refer to figure 4
for the ammeter hookup.

b. Using figure 4 in the exercise, you should have done
the following in hooking up the ammeter.

(1) Connect an ammeter between checkpoints 2 and
4 remembering the polarity of the + and - of the ammeter to the
circuit. The positive lead of the ammeter will go to the most
positive point and the negative ammeter lead will go to the most
negative point.

4
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(2) Connect an ammeter between point!, 3-5.

(3) Connect an ammeter between points 7-8.

(4) Insure the polarities on all three meters are
correct.

(5) Turn on the power and record the ammeter readings
in figure 4. If you do not get a reading on the ammeter and/or the
circuit breaker pops, or the fuse wire burns in two, turn OFF the
power. Do not touch the circuit wiring and see your instructor. Do

not leave or turn the switch back on if you didn't get a reading
the first time. This could prevent internal damage to the meter.

(6) Check your readings you havc recorded from
figure 4 and if they were correct, move on to the set of questions.
If your readings were wrong, check with your instructor before
going on.

Answer the following questions using the irf3rmation given
so far in this workbook.

1. A parallel circuit provides at least paths of

current flow in the circuit.

2. Total current flow in a parallel circuit is the

3. An ammeter is hooked in with the rest of the

circuit.

See page 7 for answers.

If your answers to the last set of questions are cor ect,
proceed on. Turn off the power to the circuit and put all the leads
in the drawer if you fully understand the exercise. If any questions

arise, be sure to ask the instructor for assistance.

Note: In the in vious exercise you proved that total current
in a parallel circuit is the sum of all the currents in the

circuit. Also that current in a parallel circuit must have
two or more paths to follow.

Exercise 4

1. Measuring and proving that an increase in the number of
paths of current flow will increase the total current in the whole
circuit.

a. Using figure 5 and three lights in parallel, construct
and measure the current in a three load circuit.

b. Hook up the circuit in figure 5. Notice that the
circuit is ,ust about the same as figure 4, but 'you have connected
in one more light and are now using only two ammeters.

831
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(1) By hooking the ammeter between the circuit
breaker and the switch, you are measuring the total circuit current.
Also the second ammeter indicates the amperage in one light bulb
Which would be approximately the same for all the light bulbs.

(2) If you compare the two light bulb circuit in the
previous exercise f-o the total reading in this exercise, you can
see that by adding one more path of current flow (3rd light) the
total current will increase

(3) Record the amperage readings on figure 5, and
check your answers. Then proceed on to answer the following
questions.

Note: If you have any questions up to this point, please ask
your instructor.

Answer the following questions using the information given
se far in this workbook.

1. The current in a parallel circuit is the same/sum

2. Adding more paths in a circuit will increase/decrease the
total circuit current.

3. An ammeter is hooked in parallel/series with the circuit
being measured.

time.

See page 7 for answers.

If you have any questions, please ask your instructor at this

Take apart the circuit and proceed to the next exercise.

Exercise 5

1. Meao_ing and proving voltage is the lame in a parallel
circuit.

a. Using figure 6 as a guide, construct the circuit
indicated on the trainer and take the voltmeter readings at the
points indicated.

b. Record your findings of the exercise and check your
answers on page 7 . If you are having trouble connecting the circuit
ask your instructor for assistance. After you have connected the
voltmeter, take the readings at the indicated checkpoints and
record your answers on figure 6. If you receive the correct readings,
take the circuit apart, and proceed to the prop-,ss check, page 8 .
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ANSWER SHEET

Exercise 3

1. two or more

2. sum

3. series

Exercise 4

1. sum

2. increase

3. series

Exercise 5

Figure 4

2 - 4 1.3 ± .5 amps

3 - 5 1.3 ± .5 amps

7 - 8 2.5 ± .8 amps

Figure 5

4 - 6 1.3 ± .5 amps

9 - 10 4.2 ± .3 amps

Figure 6

1 - 2 24 ± 4V DC

3 - 4 24 ± 4V DC



PROGRESS CHECK INSTRUCTIONS

This progress check will require you to correctly construct a
parallel circuit and measure electrical values with one instructor

assist allowed for each task area. Instructor assist for each task.

area is defined as an aid, such alp technical direction or explanation,

given a student who can proceed no further on his/her own. The

instructor will initial your work after you have satisfactorily
completed each task of the progress check. If you do not pass the

progress check you will follow the instructions given by the

instructor.

You will not communicate (talk, etc.) with other students
during the progress check without your lab instructor's permission.

You will no use fellow students' work to solve the problems

in this progress check.

You must satisfactorily complete this progress check before

further progrcesion to other lab progress checks.

Have your instructor select and initial on pages 9 or 10

the parallel circuit progress check you are to draw on figure 7.

Using a lead pencil only, draw in the parallel circuit leads

between the various symbols. Later you will construct this circuit

on the trainer. After you have satisfactorily c. .pleted the

progress check, you will follow the instructions on page 11.

834
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Instructor's Initials. Assigned progress check #1.

Complete each t.,sk listed below. Do not go on until the instructor
has initialed your work for that task.

Task 1 Draw the circuit for a 10 ohm resistor in parallel with a
light, with a circuit breaker and a SPST switch on figure 7.

Instructor's Initials Task Initials

Task 2 Construct the parallel circuit drawn on figure 7 on the
trainer and complete an operational check for the instructor.

Instructor's initials Task Initials

Task 3 Measure and record the electrical values required below.

:he total current flow . (amps)

The voltage across the resistor . (volts)

The voltage across the light :volts)

Task Initials

Instructor's Initials

Turn tc page 11 for further instructions.

Note: If the instructor provides an instructor assist for a
task, the instructor will initial behind the task initials
(see objectives).
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Instructor's Initials. Assigned progress check #2.

After completion of each task listed below, do not progress
until the instructor has initialed your work for that task.

Task 1 Draw the parallel circuit ",7nr two 10 chm and one 500 ohm
resistors. The circuit must also contain a SPST switch
and a circuit breaker. Make your drawing on figure 7.

Instructor's Initials. Task Initials

Task 2 Construct the part. el circuit drawn on figure 7 on the
trainer and complete an operational check for the instructor.

Instru:tor's Initials. Task Initials

Task 3 Measure and record the electrical values required below.

The total current f1cF amps.

The voltage across left resistor volts.

The voltage across right resistor volts.

Ihe voltage across 500 ohm resistor volts.

The total voltage volts.

Task Initials

Instructor's Initials

Turn to page 11 for further instructions.

Note: If the instructor provides an instructor assist for a
task, the instructor will initial behind the task initials
(see objectives).
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After you have satisfactorily completed the progress check you
will do the following:

1. Put all the good leads in the drawer of the trainer.

2. Give the broken leads to the lab instructor with the parts.

3. Place the work t.ble in the down position on the trainer.

4. Return the multimeter to its storage cabinet. Be sure
the controls on the meter are set correctly for storage.

5. You will turn in your work to the lab instructor before
you leave the lab area.

Note: You may review any part or all of this workbook if
you wish, but your work will not leave the lab area without
the lab instructor's permission.

11
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ELercise 2, Figures 1 through 3.

RED

Figure 1.

RED

r

Figure 2.

1 2

0
0

0

0

SLACK

0

0

0

0

SLACK

RED

Figure 3.

'dote: First light ground (negative side of load).i
Second light ground (negative side of he load)

)

and common ground for BOTH lights.

12
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Exercise 3

I BULB 2 BULB

OM

+

AMMETER

RED 'BLACK

0 0
AMMETERAMMETER

CHECKPOINTS

2 - 4

3 5

7 -8

Figure 4.
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Exercise 4

CHECKPOINTS

4 - 6

9 10

Figure 5.

14

AMPERAGE READINGS

amps

amps
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MULTIMETER

Figure 6.

CHECKPOINTS VOLTAGE READINGS

1 - 2 volts

3 - 4 volts
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linvironmental.Pneudraullc Branch C3ABR42331-110-118

Chanute APB, Illinois

Parallel Circuit Troubleshooting

This handout is to be used with the Parallel Circuit programmed text. It will

Show you how to prepare and use a Power bench and a Parallel Circuit board to
troubleshoot parallel circuits. Follow the instructions carefully and ask the

instructor for assistance if you have difficulty.

DART 1

weill...1

As you complete each of the following steps place a check on the blank by
the number on that step.

1. Insure that the powerbench's switches are in the following po-titioas:

TRAINER POWER OFF

28 VDC POWER OFF

295 VAC POWER OFF
DC RANGE 24v

2. Insure that the four circuit switches on top of the Parallel Circuit
board are in the 'OFF' position and 'that all troubleswitches on the
back of the circuit board are in the 'OUT' posidon (gown).

3. Connect a DC power cord between the circuit board and the DC outlet

on the powerbench.

4. Observing Proper Polarity, connect three *Milometers to the points
indicated on Circilli37Tiost positive on circuit to red on meter).

5. Place the powerbench's Zrainer power and 28 VDC power switches in the
'ON' position.

6. Turn on Circuit 3. The three milliammeters should read from 4 to 13

ma. Write in the raadings in the blanks below.

Meter

1

2

3

Total

7. Place Troubleswitch 2 (Circuit 3) in the 'IN' position. The
milliammeter on the leg containing Resistor 3 should read zero.

Remember, this is a parallel circuit. It has more than one co,lete
path to follow. Since the paths with Resistors 1 and 2 still show
current flow they, along with the ground wire and the wire between
teet points 1 and 4, must be good. Threefore, the open must be
between TP-4 and TP-15, or TP-15 and T -16, or TP -16 and TP-17.

OPR: 3370 TUB=
*DISTRIBUTION: X

3370 TOBTOtTTCU-P - 250; DAV - I
845
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1

O

8. Prepare the multimeter to read a

9. Take voltage readings at each of
following circuit using TP-18 as
as required.

0
18

maximum of 24 VDC.

the test points indicated in the
ground. Fill in the meter readings

WM.

10. Check your answers at the end of this handout.

From the readings you can see that there is
from TP-1 up to TP-16. Since there is zero
the open must be between TP-16 and TP-17.

11 Place Troubleswitch 2 (Circuit 3) in the 'OUT'
Circuit 3 off.

12 Disconnect the milliammeters from Circuit 3.

13 Connect single jumper leads between TP-4 and TP-5, TP-7 and
TP-8, and TP-11 and TP-12 on Circuit 4.

14. Turn Circuit 4 on. All three lights should come on.

1111

a complete path
voltage at TP-17

position and turn

3
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1

15. Place Troubleswitch 3 (Circuit 4) in the 'IN' position. Light 1 goes
out but Lights 2 and 3 stay on. Why?

As before, since parallel circuits have mere than one path for current
to follow, if one path is broken the others are not affected. Since
only Light 1 went out the open must be between TP-6 and TP-9, or
TP-9 and TR10, or TP-10 and TP-17.

16. Take voltage readings at each of the test points indicated in the
following figure using TP-18 as ground. Fill in the meter readings
as required.

17. Check your answers at the end of this handout.

L3

From your readings you can see that there is a complete path between
TP-1 and TP-10. Since there is no voltage at TP-17 the open must
be between TP-10 and TP-17. No current will flow through Light 1
as a result of the open.

18. Place Troubleswitch 3 (Circuit 4) in the 'OUT' position. All lights
should be lit.

19. Place Troubleswitch 5 (Circuit 4) in the 'IN' position. This time
only Light 3 goes out.

Again, since only Light 3 is affected, the open must be between
TP-6 and TP-15, or TP-15 and TP-16, or TP-16 and TP-17.

4
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20. Take voltage readings at each of the test points indicated below.

TP Rcading

6

15

16

17

The readings show a complete path boatween TP-1 and TP-6. Since there
is no voltage at TP-15 the open must be between TP-6 and TP-15.

21. Place Troubleswitch 5 (Circuit 4) in the 'OUT' position. All lights
should be lit.

22. Place Troubleswitch 6 (Circuit 4) in the 'IN' position.

What happened?

What are the possibilities?

What do your readings show?

23. Check your answers at the end of this handout.

24. Place Troubleswitch 6 (Circuit 4) in the 'OUT' position and turn
Circuit 4 off.

25. Remove the jumper leads from Circuit 4.

26. Turn the TRAINER POWER AND 28 VDC POWER switches off.

Continue With Frame 25 of the text

/////////////////////////////////////////////////////////////////!!//////////////

5
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PART 2

Owieml

Whe using an ohmmeter on a parallel circuit you must keep in mind
that when the meter is connected across any two or more parallel
petite, the current that leaves the meter's black lead will follow

all of the poaaIbls pathe to the meter's red lead. This will result

in a 'total' resistance reading of the parallel paths. This is okay

if it is what you want. But what if you only want to know how such
resistance there is on one specific path? The answer is simple.
You must 'ISOLATE' that path from the others by disconnecting it
on one end. By doing this the current from the meter will have only
one path to 'follow.

1. Connect single jumper leads between TP-5 and TP-.6, TP-9 and TP-10,
and TP-13 and TP-14 of Circuit 3.

2. ose,the maltiueter to take resiztvice readings at the test points shown
below.

TP READING

7 - 8

11 - 12
15 - 16

4 - 17

Etta ,reading should be the same because, if you look closely, each
time you connected the meter to the cirduit there were three possible
paths between the two leaas for current to follow. Look e;-,sin.

3.
Disconnect one end of *sal of the Ihrle jumper leads (to isolate the
three paths) end take resistance seadi.,ge,acroesPRenistors 1, 2 and 3.
The readings should be: Resistor 1 6000 , Assist= 2 a 3000 ,

and Resistor 3 a 2000 . By mei.% the iimeistance inparallel formula

you can see that the total of t'At parallel is 1000 .

4. Remove the jumper leads from Circuit 3 and connect them to TP-,4 and
TP-5, TP-7 and T7-8, and TP-li and TP-112.of Circuit 4.

5. Turn on the TRAINER POWER and 28 VDC POWER switches.

6. Turn on Circuit 4. All three lights should come on.

7. Place Troubleswitch 3 (Circuit 4) inhe 'IN' position. Light 1 goes out.

Sinct only.Light 1 went out, there must be an open either between
TP-'6 and TP-9, or TP-9 and TP-10, or TP-10 and TP-;.1, Let's use the
ohmmeter to find

8. Turn Circuit 4 off and isolate Light l's leg by disconnecting oue
end of that paths jumper lead.

6
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9. Take resistance readings at the following test points.

TP nrAnTN.:

9 - 10
10 - 17

Yc"r readings should have shuwn resistance around Light 1 and inCnity
between Light 1 and TP-17. This means that the open is on the wire
between Light 1 and TP-17.

10. Place Troubleswitch 3 (Circuit 4) in the 'OUT' 7-Jsition and reconnect
the jumper lead.

11. Turn Circuit 4. All lights should ^OMP cu.

12. Place ' 3ubleswitch 5 (Circuit s' in the IN' position.

Wrist h_ppened?

What are the possibilities?

13. Turn Circuit 4 off.

14. Isolate the path with the inoperative component.

15. Take resistance reae:ngs to determine the trouble.

Your readings should show an open between Tr-6 and TP-15.

16. Turn the TRAINER POWER and 28 VDC POWER switches off.

17. Disconnect cne jumper leads and DC power cord. Put them in the
drawer.

18. Put the Parallel Circuit h and away am" an in the multimeter.

19. Fave the inatructer snit the space below and t-en return to the
classroom to finish the te,c.

///////// ,///////i////////////////////////////////////////////////////////////////

'850



PART 1

CIRCUIT 3 TI' READING

4 24v

15 24v

16 24v

17 Ov

CIRCUIT 4 TP READING

6 24v

9 24v

10 24v

17 Ov

(Step 20) TP READING
6 24v

15 Ov

16 Ov

17 Ov

(Step 22)

ANSWERS

PART 2

Light 3 went out.
An cpen on Light 3'a leg.

Light 3 went out
An open between TP-6 and TP-15, or TP-15 and TP 16 and TP-17

Light 3 is open (burred out)
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OBJECTIVES

1. Using Kirchoff's curcat and voltage lawn, Ohm's law, and
per formula, solve for unknown values in series-parallel circuits.
A minimum of 8 our of the 10 circuits must be correct.

2. Using schematic diagrams of electrical circuits, malfunction
indications, and meter readings, specify the type of trouble for a
minimum of 8 out of 10 indications.

INSTRUCTIONS

This programmed text presents information in small steps called
frames. Carefully study the written material andior schematic in each
frame until you are satisfied you understand its contents. Each frame
requires you to respond to the information L: some way. For example,
you may be required to select true statement*" solve problems, etc.
Specific instructions are provided in each frame. After you have made
ycur response on the response sheet compare your answers with the answers
given on the top of the next frame. If you are correct, go on to the
next frame. If you are incorrect, study the frame again and correct
your mistakes before continuing. If you still can't understand your
mistakes, ask your instructor for assistance. Read carefully, select
the correct answer(s) and DO NOT HURRY. DO NOT NARK IN THIS TEXT.

SPECIAL INSTRUCTIONS

As you compizte this PT you should have a copy of the laws and
formulas (3ABR42331-H0-10111) in front of you for easy reference.

There are a number of frames in this PT in which the answers are
not given. In these frames you are told to have the instructor check
your answers. These frames have been included in this PT for a distinct
purpose. Do not proceed any further in the PT until you have had your
answers checked. For example, frame 13 requires you to have the
instructor check your answers. Do not proceed to frame 14 until your
answers to frame 13 have been checked.

Supersedes 3ABR42331-PT-119, lb September 1980.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG:TTGU-P 350; TTVSA - 1



INTRODUCTION

You have just made a study of series and parallel circuits. Many
circuits consist of both series and parallel units. A circuit of this
type will be called a series-parallel circuit. No new formulas or laws
are needed to solve for unknowns in series-parallel circuits. The only
laws and formulas that you will need are in the handout that should be
in front of you this time.

Frame 1

Do not start this frame unleJs you have a copy of the laws and formulas
in front of you. See your instructor for them ii necessary.

A series-parallel circuit is shown below. In this circuit R2 and R3
are connected in parallel with each other. Ri is connected in series with
the parallel combination of R2 and R3.

RI

Mark the correct answer for each of the following questions. Use the
circuit shown below.

1. The two resistors liich are in parallel with each other are

a. R3 and R4.

b. R1 and R2.

c. R2 and R3.

d. R1 and R4.

2. The e, lit shown is a

a. series circuit.

b. parallel circuit.

c. series-parallel circuit.

3
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Answers to Frame 1: 1. a 2 c

Frame 2

No new laws or formulas are needed to solve series-parallel circuits.
In this PT we will review each of the laws and formulas with you. In the
circuit shown below we want to find I1. Applying Kirchhoff's cutrent law
to junction 1, the sum of the currents flowing into junction 1 is equal to
2 + 1 + 3 or 6a. Since 6a flows into junction 1, 6a must leave jr.!Iction 1.
Thus, Il a. 6a.

I
Using Kirchhoff's current law from your handout, solve for the unknown

currents in each of the following circuits. Put your answers on the
appropriate blanks.

1.

2.

I
41110

4

857
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Answers to Frame 2: 1. I1 = 6a 2. I1 = 4a 3. 14 a3a 4. I1 = 4a

12 = 6a

I:

It = 4a

14 = 4a

5. 13 a 3a

14 a 6a

Frame 3

Kirchhoff's voltage law is also used to solve for unknowns in a series-
parallel circuit. In the circuit shown below we want to find Et. To find Ft
we need to know all the voltage drops around a closed path. Since we do not
know the voltage dropped on R3 and Rs, we will not use the path In which they
are located. Instead we will use the R5, R4, R2, and R1 path. Apply
Kirchhoff's voltage law to this path. We have 6 + 3 + 6 + 10 = 25V. Thus,

Et a 25V.

1jEielV

.ZI.Ets v

Using Kirchhoff's voltage law from your handout, solve for the unknown

voltages in each of the following circuits. Put your answers on the

appropriate blanks.

1.

2.

,r4 .,;`

6

MAr
Es 101,
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4.

5.

IEt* 12V

Frame 3 (Cant' d)

Efts IV

E s E2 s6V

Ei '4V

860
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Answers to Frame 3: 1. Et = 26V, 2. Et = 24V, 3. E2 = 3V, 4. E4 = 4V,

E5 = 10V
5. El = SJ

Frame 4

Ohm's law formulas are also used to find unknowns in series - parallel
circuits. In the circuit shown below we want to find Il. When using
Ohm's law formulas be sure that the values used are for the same component.
For example, to find Il we would use El and R1. Thus, Il = El/R1 = 12/4 = 3a.

Using Kirchhoff's voltage and current law and Ohm's law formulas,
L.olve for the indicated unknowns in each of the following problems. Write
your answers on the appropriate blanks.

1. 'VW
E3= V

E=RV R3=2 tt

I2 =20
R4=

E4=

=

V

13=lo 4
lt.
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Answers to Frame 4:

1. I1 = 3a, E3 = 2V, E4 = 4,7, 2. Et = 18V, Il = 3a, R3 = 120

R, = 20, 14 = la It = 3a

R4 = 40

Frame 5

Now let's look at how to find the total resistance in a series-parallel
circuit. Since R3 and R4 are in parallel with each other in circuit A, we
can use either the "product over the sum formula" or the "reciprocal formula"
to find the series equivalent resistance of R3 and R4. Using the "product
over the sum formula" we have

R
3 X

R
4 12 X 6

72/18 = 4 ohms.R34 R
3 +

R
4

12 + 6

Circuit B is the same as circuit A except we have replaced R3 and R4
by their series equivalent resistor R34. Now we have a series circuit.
In a series circuit the total resistance is equal to the sum of the
individual resistances. Thus, Rt = 16 + 6 + 4 = 26 ohms.

Note: To find the total resistance of a series-parallel circuit,
first find the series equivalent resistances of the parallel parts
and then you just have a series circuit.

I

R1=1611 R2=611

A.

R3=1211.

I

R4=611.

B.

9
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Frame 5 (Cont'd)

Find the total resistance in each of the following circuits and put
your answers on the appropriate blank.



Answers to Frame 5:

1. Rt = 172, 2. Rt = 230, 3. Rt = 282, 4. Rt = 24.52, 5. Rt = 162

Frame 6

To find power you use the formula P = I X E. The total power in ANY
circuit is equal to the sum of clc'. powers used in the individual units.
This can be expressed as a forniuls by Pt = P1 f. P2 + P3.

Solve for all indicated unknowns in the circuits shown below. Put
your answers on the appropriate blanks.

1.

2.

1

w
Ri=12w

E.=3 12V

Pt= w 13 2a

V
/ 1 =3a

IEt= I4V RI = all

1):: w

E2=8V

a1 Re rx
w

11
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Answers to Frame 6: 1. 42W, 2. El = 6V, 12 = la, E3 = 8V

P1 = 18W, R2 = 8), R3 = 4)

P2 8W P3 = 16W

Frame 7

So far in this PT we have reviewed all the formulas and laws that are
on your handout, We'have seen how they are used to solve for unknowns in
series-parallel circuits. Remember, if you can't apply one law to a parti-
cular circuit, try using a different one until you find one that can be used.
In :his and the next two frames we will solve the problem 'shown below step-
by-step with you. Since we do not have any voltage readings we cannot use
Kirchhoff's voltage law. However, we can use Kirchhoff's current law.
$inc_o__there are 3a that leave the battery there must be a 3a that flow
through RA. Fill in 3a for I4. Applying Kirchhoff's current law to
junction A we have 3a flowing into junction A. Thus, there must b=
3a leaving junction A. Since 2a flows through R3, la must flow trough
R2. Fill in la for I The sum of the currents flowing into junction
B (1

2
+

3
) is equal to the current leaving junction B. Thus, 3a

leaves junction B and I
1
= 3a. 'Fill in 3a for

E2= V

ea Le a
V ftt

I i= G

E-= V
I3 c a

"321).

A

E4= V

6
R4411

No further response required, proceed to the next frame.

865
12



Frame 8

This is the same circuit as in the last frame. The values
and 14 that you found in frame 7 have been filled in for you.
don't have enough information to use Kirchhoff's voltage law.
we can use the Ohm's law formulaE=IXRto find El, E2, and
El = I1 X Ri = 3 X 6 = 18V. E2 = 12 X R2 = 1 X 6 = 6V.

E4 = 14 X R4 = 3 X 4 = 12V. Fill in these values on the appropriate
blanks. We'll fini, ' problem in the next frame.

for Il, 12,
We still
However,

E4.

No further response required, proceed to the next frame.

13
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Frame 9

We will finish the problem we start6d in frame 7. We have filled in
the values that we have found so far. Now we can use Kirchhoff's voltage
law. Applying Kirchhoff's voltage law to the path that contains R4, R2,
and R1, we have Et = E4 + E2 + Fl = 12 + 6 + 18 = 36V. Fill in 36V for
Et. We now can use Kirchhoff's voltage law to find E3 Apply Kirchhoff's
voltage law to the path that contains R4, R3, and R1. We have Et = E4 +
E3 + El. Substituting we have 36 = 12 + E3 + 18. Subtracting 30 from 36
we have E3 = 6V. Fill in 6V for E3 on the appropriate blank below.

Now we can use Ohm's law formula R = E/I to find Rt and R3
Rt = Et/It = 36/3 = 12 ohms. R3 = E3/I3 = 6/2 = 3 ohms. Now the

problem is solved.

No further response required, proceed to the next frame.

867
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Frame 10

Solve each of the following problems for the indicated unknowns.
Put your answers on the appropriate blanks.

1.

2

I
Et- V

Rt

wPt

VA
EM 5V Ef 4V
li= a 12= a Es12V
RI= R2a 4 L

z w Re n.
p3s

"NV
El= V

le o R1=?-ft

Rt art

E2s V

1221.°
Re it

E3s

13=

3 ft

I I

I4=141

Re It

P4 a w

VA 4V VA Ii'

-1.- 11=44
v

E3= V Ede V
13= 0 14r-. a

I. It= =

a 12=141 RI; ft R4=2 rt
Rt .n. 112= 11

-- --



Answers to Frame 10: 1. Et 24V II. = 4a 12 = 4a E3 = 3a E4 = 12V

Rt 6n R1 - 20 R2 = 1Q R3 = 4Q R4 = 1252

Pt ' 96W Pi = 32W P2 = 16W P3 = 36W P4 = 12W

2. It = 6a El 12V E2 = 12V E3 = 12V

Rt = 4n I1 =6a 12 = 2a 13 = ba

3. It = 4a E2 = 8V E3 = 2V E4 = 6V

Rt = sn R2 -8s? 13 - 3a 14 = 3a

17.3 = .66S1

Frame 11

In the circuit shown we want to find the value of Rr. To establish
a procedure for solving series-parallel circuits we will work this problem
step-by-step with you. As you complete each of the following steps place
a check on the blank by the number of that step.

Malmo
11==

12=10

R23,9"

4VV\r--
13=2a

Re3rt

First draw the above circuit on scratch paper with all the E, I, R,

known and unknowns, along with the letter for points A, B, C, and D as
shown below.

E1=
-

Ri=
A

Ee
125 la

uNimm
mow

Ras 9.A.

C

16
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Frame 11 (Coned)

1. Examining the circuit you can see the first step in this circuit
should be to solve for E2. Why? Because only Ohm's law is needed
to solve for E2. R2 X 12 = 9Q X la , 9v I E2. Now you have the
voltage at point A to point C. Because C and B are both ground
points you will also have 9 volt from point A to point B.
Remember A to C is in parallel with A to B, but A to B is a series
circuit by itself.

2. Because Kirchhoff's current law states current flow in a series
circuit is the same, 14 must be equal to 13 therefore, 14 = 2a.

3. Now solve for E4 by using Ohm's law. 14 X R4 = 2a X 32 = 6v = E4.

4, Now solve for E3 by using Kirchhoff's voltage law. Subtract the
voltage E4 = 6v from the total voltage (9v) across points A to B,
which is 9v, E3 = 9v - 6v = 3v. Now do you see how E3 does equal
3v? If not, see Kirchhoff's voltage law and/or your instructor.

5. To solve for R3 you must use Ohm's law.

R
3
= E

3
/I

J
m 3v/2a = 1.50

6. Now you must find the total current.
current law. Add the current (2 amp)
current (1 amp) from A and C. This 3
and will return to the positive point
means I1 = 3 amp and also It = 3 amp.

To do this you use Kirchhoff's
from circuit A and B to the
amps will join at a point A,
of the power sources. This

7. Now that you know that I1 = 3a you can now apply Ohm's law and solve
for El, El = Il X Ri = 3a X 3Q = 9v

8. Circuit A to B is in parallel with circuit A to C and the
characteristic rules of a parallel circuit say that ;voltage is
the same in a parallel circuit. To solve for Et you must add
the A to B voltage OR the A to C voltage to El which will equal
Et, Et = 9v + 9v = 18v.

Rt Now to solve for Rt you muqt use Ohm's law.

Ft 18v
Rt

=
3at I

t

=6Q

17
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Answers to Frame 11: R
t

6 ohms

Frame 12

Solve each of the following problems for the indicated unknown. Put
your answers on the appropriate blanks. Set up the problems, using the
same procedures as in the lase: frame.

1.

2.

3

E2=eV
E

3

R2=2,1

= VEi=12V

It 26°

Rem

Ei=6V

-n-

mr

18

871

R 311

I4= 3a

R4611

10
E4=6V



4.

5.

6.

7.

rt=

MA,
R1 =iort

V

IONAN
I2=la

INAAir.
R3=6.A.

Frame 12 (Cent ' cl)

14=3a Ee 6V
R4= 2 .11.

NEMO
IMI

=11WVIM11114.

R3=3^

R4=2/1

li
Rele.n

-010,---111
R629A

19



Frame 12 (coned)

8.

9.

10.

I
T

I

stV1,----

RI 2211

544V
Pt = w 142 ill

4VVV------*

PI w

._-vs,A,--
Ei aSV
I'm 34

Rta6/1

VIst
Els 3V

mA.
I3 1.

E5a I 2V

NAAr-------

14 23°
Rita 2 ft

20

873

INNIIIMIII
MOM

Ws 01 I

1 4 a a

aVV III

P531 w

--

AO

11



Answers to Frame 12: 1. 6v, 2. 12v, 3. 4 ohms, 4. 54V 5. 16 ohms,
6. la 7. 10v 8. 72W, 9. 18W, 10. 18W

Frame 13
Solve each of the following problems for the indicated unknown.

Put your answers on the appropriate blanks.

1.

2.

3.

4.

Eig6V
13114

Eisal2V

ET"
131126

E4st I2V

E386V
13E12o

E4s12V

5. ,VAr---± Er4V E3 *SV

131a2a

Rt a Ne 311 E4aI2V

21
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Frmr,.. 13 (Cont'd)

6.

7.

8.

9.

1a.

E44V

II

875



11.

12.

13.

14.

I
I

I
T

I

Et= 24V

6V

NAlv
E 1 = V

R
I
=3^

4VVv
Ei =6V

E t =20V

L2=60

R2=21%

i

Frame 13 (Cont'd)

13= 4a
Rgf

A

--A/SAr

12=2a

-1-
Et= 12 V

It =6a

R1=6"

1
Wr-

..

P1= M

15.

I

I.

Re6 It

EE 6V

VVv--MAr
/41: a E5=2V

R4=211

Ef8V

Rot.

=30

MMEIMMI
.11IIMMI

r1.11.

Have the instructor check your answers.
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Frame 14

The rest of this PT deals with troubleshooting. In order to trouble-
shoot you must know what the readings are in a good circuit. In the circuit
shown the readings at points 1, 2, 3, 4, and 5 should all be 24V. Let's
see why! For example, trace a path from the negative side of the oattery
through the voltmeter (V1) at point 5 and back to the positive side of the
battery. The only item in this path is the voltmeter (V1). Thus, the
voltmeter would read 24V. The same is true for points 1, 2, 3, and 4. Now
trace a path from the negative side of the battery through the voltmeter (V2)
connected at point 6 and back to the positive side of the battery. In this
path there are two items (the voltmeter and 111). Sincc R1 uses 6V, the
voltmeter must read 18V. Fill in 18V for the voltmeter (V2) at point 6
on the response sheet.

Note: Voltage is a pressure that moves electrons through a resistance.
The resistance will use up either all the voltage cr part of it in doing
its task in the circuit. In this circuit E, used 6 volts of the 24 volts
with a remainder of 18 volts of pressure being applied between point 6
and the circuit ground.

Using Kirchhoff's voltage law determine what the meter would read at
points 7 and 8. Fill in your answers in tha circuit shown.

877
24
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Answers to Frame 14: V
3

= 12V, V
4

= OV

Frame 15

An open is an incomplete path for current to flow. In the circuit
shown we have good readings at points 5 and 8. The readings at point
6 and 7 are abnormal. Even though the readings at points 6 and 7 are
abnormal, we know that we have a complete path from the positive battery
terminal to point 7 since the voltmeter needle is deflecting. The abnormal
reading of 24V at point 7 indicates that the difference in potential across
R4 is 24V and there is an incomplete current path between here and ground.
In this ease R4 is open.

Mark the following title statement(s) with a "T".

1. A voltmeter connected between points 5 and 6 would read OV.

2. A voltmeter connected between points 6 and 7 would read 24V.

3. A voltmeter connected between points 7 and 8 would read 24V.

S25
BEST COPY AVAILABLE



Answers to Frame 15: 1. T, 2. 3. T

Frame 16

In the circuit shown all lamps* are inoperative. Since none of the
lamps work, the open would be between points 1 and 7. If the open was
anywhere else in the circuit, one or more of the lamps would be lit. The
24V reading at point i indicates that there is a complete path to point 6.
The OV reading at point 7 indicates that there is an open between points
6 and 7.

7

24V

For each of the following malfunction indications, in..zate on the
blank the possible open components that could be the cause. Write your
answers in the space provided. Number 1 has been done as an example.

1. L
1
is inoperative. 7 & 9, 9 & 12 (L

1 '

) 12 & ground.

2. L
2

is inoperative.

3. L
3

is inoperat1v3.

4. L
2
and L

3
are inoperative.

*Note: Lamps in this text are identified by the letters L1, L2, L3,

etc., or, by an applicable symbol. Those drawn as a simple circle
with a letter inside denote its color; e.g., C for clear, R Zor red, etc.



Answers to Frame 16: 2. 8 & 10, 10 & 13 (L2), 13 & ground

3. 8 & 11, 11 & 14 (L3), 14 & ground 4. 7 & 8

Frame 17

Before taking readings or analyzing readings in a circuit you should
consider the possible components that could cause the circuit malfunction.

Using the circuit shown, determine the type of trouble and the faulty
component for each of the fcllowing problems. Put your answers on the
appropriate blanks. The first one has been done for you to show
you how to do it.

6

RI

24V

7 8

c LI

12

L2 L3

1. L1 is inoperative. A voltmeter connected between point 7 and ground
reads 24V. A voltmeter connected between point 9 and ground reads OV.

Open 7 & 9

2,. L2 and L3 are inoperative. A voltmeter connected from 8 to ground
reads OV.

3. All lamps are inoperative. A voltmeter connected from 5 to ground
reads 24V. A voltmeter connected from 6 to ground reads OV.

4. All lamps are inoperative. A voltmeter connected from points 1, 2,
and 3 to ground reads 24V. A voltmeter connected from point 4 to
ground reads OV.

5. L3 is inoperative. A voltmeter connected from 8, 11, and 14 to
ground reads 24V.

BEST COPY AVAILABLE
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Answers to Frame 17: 2. open 7 & 8, 3. open 5 & 6 (R1),

4. open 3 & 4 5.open 14 & ground

Frame 18

The normal circuit readings are given in figure 1 below. From these
readingb should see that the voltage drop across Ri is equal to 6V.
(24 - 18 = 6V.) The drop across each lamp is 18V. (18 - 0 = 18V.)

Figure 1.

Now let's see what the readings would be if L2 burned out. This is shown
in figure 2. Since there is still a complete path in the circuit, there
will be current flowing through Ll and R1. Since there is current flowing
through Rl, there will be a voltage drop across it. Thus, even though L2
is open, the difference in potential across it will not be equal to the
applied voltage (24V). If you had not been told that L2 was open, you
could still determine this from the readings given. Since there is a
difference in potential across the L2 and it is not lit, the lamp must
be open.

Figure 2.
28
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Frame 18 (Coned)

Mark the correct answer for each of the following questions,

1. If R
1 was open in figure 1, the voltmeter would read OV at point

a. 1

b. 2

c. 3

d. 5

2. If the wire between points 5 and 8 was open in figure 1, the
voltmeter would read OV at point

a. 1

b. 3

c. 5

d. 8

29
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Answers to Frame 18: 1. d, 2. d

Frame 19

Analyze the meter readings and circuit indications in each of the
following circuits. On the blank provided by each circuit list the
type of trouble and the faulty component. The first one was done for
you as an example.

1. Both lamps inoperative. Open 4-5

2. Both lamps inoperative

3. L
2

is inoperative.
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4. L
2

is inoperative.

Frame 19 (Coned)

5. L
2

is inoperative.

6.

MIM

31
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Answers to Flame 19: 2, open 5-6 (R1), 3. open 10 to ground, 4. open 6-9

5. open 9-10 (L2) 6. open R4

Frame 20

An open can also be incated with an ohmmeter. The ohmmeter has its
own source of power and should not be used in a live circuit. Before we
use an ohmmeter for troubleshooting let's see what readings the ohmmeter
would irdicate in a normal circuit. We will use the circuit shown below.
An ohmmeter connected from point 4 to ground should read 0 ohms because
the resistance of the ground wire will be 0 ohms. An ohmmeter connected
from point 3 to ground should read 2 ohms, the resistance of R4. What
should the ohmmeter read when connected at point 2? If you said 5 ohms,
you are correct. When the ohmmeter is connected to point 2 it reads
through R2, R3, and R4. Since R2 and R3 are in parallel with each other
we need to compute their series equivalent resistance. Using the product-
over-the-sum formula we find this to be 3 ohms. Add this value to the
value of R4 and we find that the ohmmeter would read 5 ohms at point 2.

Mark the correct Catement(s) below with a "T,"

1. An ohmmeter connected from point 1 to ground would read 11 ohms.

2. An ohmmeter connected from point 1 point 2 would read 11 ohms.

3. An ohmmeter connected from point 2 to point 3 would read 16 ohms.
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Answers to Frame 20: 1. T, 2. , 3.

Frame 21

Let's get some practice troubleshooting with an ohmmeter. In the
circuit shown below we have given you ohmmeter readings at different
points in the circuit. In order to have needle deflection, you must have
current flowing through the movement. If no current is flowing through
the movement, the needle will indicate infinity (co). A reading of 0 ohms
at point 4 indicates that the ground wire is good. The readings at point
3 and point 2 indicate that there is a complete path to point 2. When the
ohmmeter is connected to point 1, the needle doesn't deflect. This indicates
that no current is flowing through the ohmmeter when it is connected to po_nt
I. Since we had a complete path up to point 2 and didn't have one up to
point 1, there must be an open between points 1 and 2. In this case R1 is
open.

Mark the correct answer below for each of the following questions.

1. If an ohmmeter was connected around R1 (points 1 and 2), the
ohmmeter would read infinity (co) indicating that R1 is

a. closed.

b. open.

2. If R4 was open, an ohmmeter connected from point 3 to point 4
would read

a. 0 ohm.

b. infinity.
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Answers to Frame 21: 1. b, 2. b,

Frame 22

We will use the same circuit that we used in the last two frames.
Let's see what the reading at point 2 would be if R2 became open. With
R2 open, the ohmmeter would read through R3 and R4. Since R2 is open,
R3 and R4 are connected in series with each other and the ohmmeter will
read 6 ohms (4 + 2).

Mark the following true statement(s) with a "T".,

1. If R3 had been open instead of R2, the ohmmeter at point 2
would read 14 ohms.

2. If R3 had been open instead of R2, an ohmmeter at point 1
would r.ad 6 ohms.

88`1
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9
Answers to Frame 22: 1. T, 2.

Frame 23

In some cases you will need to isolate the branches of the parallel
part in order to determine the faulty component. For example, in the
circuit shown below we have a 6 ohm reading at point 5. This indicates
that the ohmmeter is reading through only one of the parallel branches
and means one of the parallel branches has an open in it.

7

Figure 1.

To isolate the branches we would need to only disconnect one of the
branches. This is shown below. We took readings at the points indicated.
The ground wire for R3 is good as indicated by the 0 ohm reading. The
infinity reading at point 8 indicates that R3 is open.

6 7

Figure 2.

Mark the following true stat.aent(s) with a "T".

1. An ohmmeter connected around a good ground wire should read 0 ohms.

2. An ohmmeter connected around an open will read co.

3. An ohmmeter conn "cted at point 4 in figure 1 would read 12 ohms.
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Answers to Frame 23: 1. T, 2. T, 3.

Frame 24

Analyze the meter readings in each of the following circuits. On the
blanks provided by each circuit list the type of trouble and the faulty
component. The first one has been done for you to show you how. Look at
the answer and compare it to the meter readings.

Opca 4-5 (R1)
1.

2.

3.

4.

WI=
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9 5.

6.

7.

Frame 24 (Coned)
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Answers to Frame 24: 2. open 67, 7-8, or 8to_ground, 3. open 5-6,
4. open 6-9, 9-10 or 10 to ground
5. open 7 to ground, 6. open R2 7. open R2

Frame 25

Analyze the meter readings and circuit indications in each of the
following circuits. Using the blank provided by each circuit, list the
type of trouble and faulty component. Have your instructor check yourwork when you have finished all nine problems.

1.

2.

3.

MM.
MOD IMINP

=lb

38
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4. L
1 is inoperative.

Frame 25 (Cont'd)

24V

5. L
2

is inoperative.

6.

-fp

2
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Frame 25 (Cont'd)

7.

8.

9.

Have the instructor check your answers.

Instructor's Initials
4'0
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Frame 26

A short circuit is an accidental path of low resistance which passes
an abnormal amount of current. Each load unit in a circuit should drop
some of the applied voltage. If the load unit is shorted the current will
bypass the load unit and flow through the low resistance path. With no
current flowing through the load unit, it will not have any voltage dropped
across it. In the circuit below wa have given you readings at different
points. Which resistor does not have a difference in potential across it?
If you said R1, you are correct. Let's see why! The potential at point 4
is 24V and the potential at point 5 is 24V. Thus, there is no difference
in potential across Ri. Look at the rest of the circuit. R2 and R3 are
dropping 6V. R4 is dropping 18V. There is current flowing in the circuit.
Since there is no difference in potential across R1 and there is current
flowing in the circuit, R1 is shorted.

Mark the correct answer below for each of the following questiors.

1. A voltmeter connected between points 4 and 5 would read

a. 0 volts.

b. 24 volts.

2. A voltmeter connected between points 5 and 6 would read

a. 24 volts.

b. 18 volts.

c. 6 volts.

3. The difference in potential across a shorted resistor is

a. 24 volts.

b. 18 volts.

c. 6 volts.

d. 0 volts.
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Answers to Frame 26: 1. a, 2. c, 3. d

Frame 27

In the circuit shown we have. given you readings at different points.
Let's find the faulty component. The difference in potential across R1 is6V. The difference in potential

across the parallel part (R2 and R3) is18V. The difference in potential across R4 is OV making the resistance
of R4 0 ohms. Since there is voltage dropped on R1, R2, and R3, we knowthere is current flowing through them. Since theke is current flowing
in the circuit, but no voltage is dropped across R4, R4 must be shorted.

Mark the following true statement(s) with a "T''.

1. The difference in potential across a shorted resistor is OV.

2. A voltmeter connected between points 4 and 6 would read 24V.
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Answers to Frame 27: 1. T, 2. T

Frame 28

Analyze the meter readings in each of the following circuits. Using
the blank on the response sheet provided for each circuit, list the type
of trouble and the faulty component. The first one has been done for you
to show how you should record your answer. Use the answer listed
and determine why it is right by analyzing the meter readings.

1. Short R4

2.

3.

43



Frame 28 (Coned)

4.

5.

A.

R4

44
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Answers to Frame 28: 2. short R1, 3. short R2, 4. short R1,

5. short R2, 6. short Ri

-4) Frame 29

Many times a short circuit will cause the fuse to blow. When this
happens you will need to use an ohmmeter to find the fallty component.
Since a shorted resistor has a 0 ohm resistance path, an ohmmeter connected
around a shorted resistor will read 0 ohms. In the circuit below we have
taken ohmmeter readings across each resistor. Which resistor is shorted?
Ri is shorted since the ohmmeter connected around it reads 0 ohms.

3

Mark the following true statement(s) with a nr.

1. An ohmmeter connected from point 7 to ground should read 3 ohms.

2. An ohmmeter connected from point 5 to ground should read 12 ohms.

3. An ohmmeter connected from point 4 to ground would read the
same as one connected from point 5 to ground if Ri was shorted.
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Answers to Frame 29: 1.

Frame 30

3. T

In the circuit shown we need to find why the fuse has blown. The reading
at point 7 should be 0 ohms since we are just measuring the resistance of theground wire. The reading at point 6 should be 3 ohms since we are just
checking the resistance of the ground wire and R4. However, the reading at
point 6 is 0 ohms. This indicates that R4 is shorted.

Mark the correct answer below for each of the following questions.

1. You probably have a short somewhere in the circuit if the

a. switch closes.

b. fuse blows.

c. ground opens.

2. An ohmmeter connected between points 4 and 5 read

a. 0 ohms.

b. 3 ohms.

c. 6 ohms.

3. An ohmmeter connected between points 5 and 6 read

a. 2 ohms.

b. 3 ohms.

c. 6 ohms.
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Answers to Frame 30: 1. b, 2. c, 3. a

Frame 31

The reading at point 5 indicates that R4 is good. What does the re-iing
of 3 ohms at point 5 indicate? If you said a short in R2 or R3, you are
correct. Let's se:, why! If either R2 or R3 is shorted, they are in effect
borh shorted as the resistance of the parallel part would be 0Q. In order to
find which resistor is shorted, we would need to isolate R2 and R3.

Mark the following true statement(s) with a "Tu.

1. An ohmmeter connected between points 5 and 6 would read 0 ohms.

2. An ohmmet3r connected from point 7 to ground should read 0 ohms.
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Answers to Frame 31: 1. T 2. T

Frame 32

Analyze the meter readings in each of the following circuits.
Using the blank provided for each circuit list the type of trouble
and the faulty components. The first one has been done for you to
show you how to record your answers.

1.

2.

3.

Short R1

48 9 1
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Answers to Frame 32: 2. short R4, 3. short R2 or R3, 4. short R2,

5. short Ri, 6. short R1

Frame 33

Analyze the meter readings in each of the following circuits. Using
the blank provided for each circuit, list the type of trouble and the
faulty component.

1.

2.

3.

gm.

so Vi 3



4.

5.

6.

Frame 33 (Coned)

.11.11M1.11

=MO IDIND

Have the instructor check your answers to this frame.
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Frame 34

Analyze the meter readings in each of the following circuits. Using
the blank provided for the circuit, list the type of trouble and the
faulty component. The first one has been done to show you how to record
your answers.

1.

2.

3.

Open R1 ,
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1$.

5.

6.

7.

Frame 34 (Coned)
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Answers to Frame 34: 2. short Ri, 3. short R2, 4. open 3-4 switch

5. short R4 h. open 7-ground 7. short R1

Frame 35

Analyze the meter readings in each of the following circuits. Using
the blank pn,vided for each circuit, list the type of trouble and the
faulty component. The first one has been done to show you how to record
your answers.

1. Open R

2.

3.

54 9 (,) 7



4.

s.

6.

7.

Frame 35 (Coned)
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Answers to Frame 35: 2. short R1, 3. open R1, 4. short R2,

5. open 4-5 6. open R4, 7. short R4

Frame 36

Solve each of the fallowing problems for the indicated unknown.
Put your answers o appropriate blanks.

1.

2

3.

4.

1E5°V
Ease V

Lea

AAA-
u3a

Et 024V

MA.
III

Ri4 ft Er±
11

Et= V I4= 3a

I t=5a

- -

111NOIONAIIVIl

_L. E
I
=6V

Et=24V R3=ert

It

E412V

999
56

4x,
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Frame 36 (Coned)

6.

7.

8.

404

a
:IlEt=

it =SO

ILI2e

4120V

EINIV

R
3
=4 11

4

In.Rel

Ree

Have the instructor check your answers and circle the next frame number
which you are to do.

Instructor's Initials

Note: If you need additional practice, you will be assigned the
problems in Frame 37. If you don't need additional practice, the
instructor will tell you to go to Frame 38.
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Frame 37

Before starting this frame, reread frame 11. Frame 11 outlines the
procedures for solving for unknowns in series-parallel circuits. Solve
each of the following problems for the indicated unknown. Put your
answers on the appropriate blanks.

1.

2.

I_ Et=24V Pi= w

I1e4a
E2=9V

Et=

It= 5a

Vs&
El= 10V

MA. VNAr----11
R3=81% E4 =16V

12= la

Ei=6V 14=2a

14 Vv
NAA'----II
E3= 8V

Ei =20V
AA&
R2=411,

T Pt=

58

14=1 0 R3= 4.A.
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Frame 37 (Coned)

6. R2=iort.

E =4V
NA--1E4=2V

E.r6V
R3z54A.It=

a

7. ± Era V RI= 4n
It=10a

IMMO
111111111

1422S

New vot I"
.R22 2 (1. Eeev

8. 4
-----vor

lin6a "A/V----ill
Ez=111V

E3=12V 12=34
Et=24V

R4u
_

.11

H-,-e the instructor check your answers,
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Frame 38

Analyze the meter readings and/or circuit indications in each of
the following circuits. Using the blank provided for each circuit,
list the type of trouble and the faulty component.

1. L2 is inoperative

24V

--t

2. Lamps cannot be dimmed.

RI

T2411

3. All lamps are inoperative.

L2

60
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\-
4.

S.

6.

7.

Frame 38 (Coned)



Frame 38 (Coned)

8.

9.

10.

Have the instructor check your answers.

Instructor's Initials

Note: If you need additional practice you will be assigned the
problems in Frame 39. If you don't need additional practice you
will see your instructor and ask to be given the appraisal for
this text. 915

62
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Frame 39

Analyze the meter readings and/or circuit indications in each of
the following circuits. Usirg the blank provided for each circuit
list the type of trouble ana the faulty component.

1. L
2

is inoperative.

2. loth tamps inoperative.

3.



Frame 39 (Conrad)

4.

.5.

6.

7.

---NAN--
R2

24V F.----IVI---

R4

111111
111.

64 917

VO.
Re2f1.
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4
8.

9.

10.

Frame 39 (Coned)

Have the instructor check your answers rn this frame.

Instructor's Initials

When you finish this frame see your instructor and ask to be given the
appraisal for this text.
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Environmental Pneudraulics Branch 3ABR42331 -WB -119
Chanute AFB, Illinois

SERIES-PARALLEL CIRCUIT PERFORMANCE

OBJECTIVE

Using a DC fundamentals trainer, construct a series-parallel circuit
and measure electrical values with one instructor assist allowed for each
task area.

EQUIPMENT

Basis of Issue
Trainer P/N 521685, DC Fundamentals 1/student
Multimeter 1/student

SAFETY

Caution: Remove watches, rings, bracelets, etc., before starting
any work on the equip vent. It is also a good safety practice to
work on the equipment with one hand. This practice reduces the
chances of receiving an electrical shock to some vital body organ
when working with electricity. Also remember that light bulbs,
resistors, etc., do get HOT and c,ald burn the skin.

PROCEDURE

Pay close attention to all directions that you are given in the
workbook. When performing in the workbook, such as answering questions
or recording electrical measurements, if your response is incorrect,
restudy the information with instructor assistance if needed. Do not
hesitate to ask the instructor questions. You will find that many of
the exercises have the correct answers on page 6. After you have
completed all the exercises, you will satisfactorily complete the
progress checK assigned by the instructor. If you wish, pages 12
through 14 may be removed for your convenience.

Before you leave your trainer for scheduled cr unscheduled breaks,
make sure the following items are done.

1. Make sure the SPST switch is turned OFF in the circuit.

2. Make sure the 28V DC bus bar has all the electrical leads
removed from it.

3. Make sure the negative (black) bus bar has all the electrical
leads removed from it.

4. Make sure the multimeter is properly stored during this period.

a. The controls on the meter must be properly set for storage.

Supersedes 3ABR42331-WB-119, 31 October 1978.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370TCHTG/TTGU-P - 300; TTVSA - 1
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4

b. Leave the test leads attached to the meter.

c. Wrap the meter leads around the instrument.

d. Place the meter on the locker shelf.

5. When you return from the break, take the same meter and go

back to work.

Exercise 1

1. Trainer preparation for exeiciaes 2 and 3.

a. The metal plate on the right side of the trainer may be
raised for the workbook to lay on.

b. Sign out a multimeter, see the lab instructor if assistance
is needed.

c. Make sure that the instructor has connected power to the
trainer. You will do this by measuring the power, with the multimeter,
at the positive (red) and negative (black) bus bar. The bus bars are
located in the lower right and left corners of the trainer. If you
don't read a voltage (24V DC ± 4V DC), see your instructor.

Make sure that fuse wire is across the fuse holders cf
each of the three (3) ammeters on the trainer. This will protect the
ammeter internal circuit from over load. If the fuse wire is burnt in
two or is missing, see your instructor for assistance.

e. Pull the circuit breaker out (open) and turn OFF (open)
two single pole single throw (SIST) switches.

f. Make sure all leafs in the drawer are in good condition
with a plug at both ends. If ycl find any damaged leads, give them ol
the instructor.

g. 7xamine the electrical lead ends, and note how you may
connect them together if one led is too short. See your instructor
for assistance if needed.

Exercise 2

2. Build a series-parallel circuit. This circuit will be made
up of two loads (light bulbs) in parallel with each other, and in series
with one load (10 ohm resistor).

a. Using the electrical leads from the drawer, construct
the series-parallel circuit shown in figure 1. This consists of a C/B
(circuit breaker), SPST switch, two light bulbs in parallel with each
other, and in series with a 10 ohm resistor.

621



Note: If an electrical lead is too short, you may connect leads
together to prevent stretching or breaking them.

b. Before applying power to your series-parallel circuit,
be sure you have a common ground for the two light bulbs in parallel;
which are wired in series with a 10 ohm resistor.

c. If you study this series-parallcd circuit in figure 14
you will find that 71? power is applied, electroLs will flow from poiht 1,
the negative (-) bus bar, to point 2, then from ',lint 2 they will divide
and some will flow through the (right) light bulb to point 3 and on to
point 5. Looking back at point 2 you will also find the electrons have
another path to flow. They will flow through the wire to point 4 and
on through the (left) light bulb to point 5. After the electrons,
which have been divided into two paths through the light bulb's parallel
circuit, regroup at point 5, they will enter the series portion of this
circuit. The electrons will leave point 5, moving on to point 6 on through
the resistor to point 7, then on through the remaining circuit to the
positive (+) bus bar IF power is applied.

Exercise 3

3. Measuring electrical values in the series-parallel circuit
constructed on the trainer from figure 1.

a. Make sure the circuit from figure 1 is correctly con-
structed on the trainer and them turn ON the power (SPST switch and
C/B). Measure and record the voltage readings with the nultimeter
as required in figure 1.

(1) You should note that points 1, 2, 4 are all equally
negative in the circuit. This is wk.-you can put the meters (-) negative
black lead at either point to measure voltage applied across each bulb.

(2) You should also note that the total voltage applied
can be measured at points 1 and 12. You may also add the reading ofl
points 6 & 7 to the applied voltage across one of the bulbs.

b. Measure and record the total current flow in the circuit
constructed as shown in figure 2.

c. Measure and record the voltage drop across the 10 ohm
resistor at points 6 (-) to 7 (+) in figure :...

Note: Leave the ammeter connected in the circuit until instructed
co remove J.c.

d. Observe the ammeter in the circuit and do the following:

(1) Using a short lead from the drawer, you will connect
it across the resistor from points 6 & 7 as shown in figure 3. This
will simulate the effect a shorted resistor will have on a circuit.

4
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(a) Note the light brightened because resistance
decreased and note the current (amp) increased.

e. Measure aLl record the total current flow in the circuit
with the shorted resistor (simulated) in figure 3.

f. Leaving the circuit connected as shown in figure 3, measure
and record the voltage reading at points 6 and 7 in figure 3.

g. Answer the questions in figure 3.

h. Observe the ammeter in the circuit and do the following:

(1) Remove the short lead ...om points 6 and 7, the one

across the resistor shown in figure 3 used to simulate a shorted resistor.

(2) Using the same short lead you will now connect it
across either light bulb (load) in the parallel circuit part of this
set es-parallel circuit. Either across points 2 and 3 or points 4 and 5.
We show it across points 4 and 5 in figure 4. :tote the ammeter reading
increased and the lights both go out.

(a) If you trace from point 1 to 12, you will find
only the resistor is left in the circuit and carrying current flow. The
current will flow from point 1 to 2 to 4 to 5 and on through the resistor
to point 12. It flows around the light bulbs because there is less
opposition to current flow in the wires from points 2 through 5 then LA
the bulbs.

i. Measure and record the total current flow in the circuit
with the shorted bulb (simulated) in figure 4.

j. Leaving the circuit connected as shown in figure 4,
measure and record the voltage reading with the multimeter as required
in figure 4.

k. Answer the questions in figure 4.

1. Remove all the leads and store them in the drawer and
report to your instructor for a pr-gress check assignment.
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CORRECT RESL'ONSES FOR FIGURES 1 through 4.

Figure 1

CHECKPOINTS VOLTAGE READINGS

2 - 3 or 1 - 3 8.5 ± .5V DC

4 - 5 or 1 - 5 8.3 ± .5V DC

6 - 7 16 ± 1.0V DC

1 - 12 Total 26 ± 3.0V DC

Figure 2

CHECKPOINTS READINGS

1 - 2 Total current 1.6 ± .4 amps

6 - 7 Voltage drop 16 ± 1.0 volts

Figura 3

Total current flow 3.0 ± .3 amps

Voltage points 6 and 7 0 volts

1. a

2. b

CHECKPOINTS READINGS

4 - 5 0 volts

1 - 2 2.2 ± .2 amps

1. a
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PROGRESS CHECK INSTRUCTIONS

This progress check will require you to correctly construct a
series-parallel circuit and measure electrical values with one instructor

assist allowed for each task area. An instructor assist for each task

area is defined as an aid, such as technical direction or explaAtion
given to the student, who can proceed no further on his/her own. The

instructor will initial your work after you satisfactorily completed

each task of the progress check. If you do not pass the progress check,

you will follow the instructions given by the instructor.

You will not communicate (talk, etc.) with other students during

the progress check without your lab instructor's permission.

You will not use fellow student's work to solve the problems in

this progress check.

You must satisfactorily complete this progress check before further

progression to other lab progress checks.

Have your lab instructor select and initial on page 8 or 9 the
series-parallel circuit progress check you are to draw on figure 5.

Using a lead pencil only, draw in the series-parallel circuit leads

between the various symbols. Later you will construct this circuit

on the trainer. After you have satisfactorily completed the progress
check, you will follow the instructions on page 11.

925
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Instructor's initials. Assigned progress check #1.

After completion of each task listed below, do not progress until
the instructor has initialed your work for that task.

TASK 1 Draw the series-parallel circuit. This circuit will be made
up of two loads (light bulb and 500 ohm resistor) in parallel
with each other, and in series with one load (10 ohm resistor),
SPST switch, and circuit breaker in figure 5.

Instructor's initials, Task initials

TASK 2 Construct the series-parallel circuit drawn in figure 5 on
the trainer and demonstrate an operations check for the
instructor.

Instructor's initials. Task initials

TASK 3 Measure and record the electrical values required below. Take
these values from the circuit in figure 5 assigned.

Total current flow amps.

Total voltage to the circuit-

Voltage drop across the bulb

Voltage drop across the 500 ohm resistor

Voltage drop across the 10 ohm resistor

Instructor's initials.

Turn to page 11 for further instructions.

Note: If the instructor provides an instructor assist for a task,
the instructor will initial behind task initials (see objective).

Instructor's initials. Assigned progress check #2.

After completion of each task listed below, do not progress until
the instructor has initialed your work for that task.

TASK 1 Draw the series - parallel circuit. This circuit will be made
up of two loads (light bulb and 10 ohm resistor) in parallel
with each other, and in series with one load (10 ohm resistor),
SPST switch, and circuit breaker in figure 5.

Instructor's initials. Task initials
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TASK 2 Construct the series-parallel circuit drawn in figure 5 on the
trainer and demonstrate an operations check for the instructor.

Instructor's initials. Task initials

TASK 3 Measure and record tha electrical values required below. Take
these values from the circuit in figure 5 assigned.

Total current flow

Total voltage to the circuit

Voltage drop across the bulb

amps.

Voltage drop across the 10 ohm resistor . In the
parallel part of the circuit.

Voltage drop across the 10 ohms resistor . In the
series part of the circuit.

Instructor's initials.

Turn to page 11 for further instructions.

Note: If the instructor provides an instructor assist for a task,
the instructor will initial behind trsk initials (see objectives).
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After you have satisfactorily completed the progress check, you

will do the following:

1. Put all the good leads in the drawer of the trainer.

2. Give all the broken leads to the lab instructor with the

parts.

3. Place the work table in the down position on the trainer.

4. Return the multimeter to its storage cabinet. Be sure the
controls on the meter Are set correctly for storage.

5. You will turn in your work to the lab instructor before you
leave the lab area.

Note: You may review any part or all of this workbook if you wish,
bit your work will not leave the lab area without the lab
instructor's permission.

940



RED

28VDC
(+)

CHECKPOINTS

2 - 3 or 1 - 3

4 - 5 or 1 - 5

6 - 7

1 - 12

Figure 1.

Total

VOLTAGE READINGS

volts

volts

volts

volts

Correct answers are on page 6. Go to step "b" in exercise 3.

RED

CHECKPOINTS

1 - 2

6 - 7

Figure 2.

READINGS

Total current amps.

Voltage drop volts.

Correct answers are on page 6.

Go to step "d" in exercise 3. Q
12



I

Total current flaw

Voltage points 6 and 7

Figure 3.

amps.

volts.

1. The current flow increased

a. because the total
circuit decreased
resistor.

b. because the total
circuit increased

resistor.

resistance
due to the

resistance

due to e

in the series-parallel
ge.mulated sho:: in the

in the series-parallel
simulated open in the

2. The voltage drop across poiate 6 and 7

a. increased.

b. decreased.

Correct answers are on page 6.

G., to step "h" in exercise 3.

932
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Figure 4.

CHECKPOINTS READINGS

4 - 5

1 - 2

1. The current flow increased

volts

amps

a. because the short caused the total resistance to decrease,
allowing the current flow to bypass the parallel loads
(bulbs) causing the lights to go out. Current flow is
from point 1 to 2, not through the right light bulb, but
around it over to point 4. Prom point 4 it goes around
the left bulb through the jumper lead to point 5 ar.d on
through the resistor over to the positive bus bar.

b. because the short caused the total resistaacl to decreased
allowing the lights to go out and all of the current to

flow through both light bulbs and not the resistor and
on to the positive bud bar.

Correct answers are on page 6.

Go to step "1" in exercise 3.

14
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Chanute AFB, Illinois 61868-5000

SERIES-PARALLEL CIRCUITS

SERVICE TEST

C3ABR42331 000-H0-119

Solve each of the following problems for the indicated unknown. Put your
answers on he appropriate blanks. Set up the problems, using the same procedures
as in the last frame.

1.

2.

± Er=I2V
IMMO
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,y, each of the following problems for the indicated unknown.
,:e '("T answers on the appropriate blanks.

E32111

13162 0

E43I2V

,

S.

It a a

._E----E

u

I

R,
a

rt.

E seiV
3

13132a

E46 12V

E372V

1 1,2413

E4212V

%IBSV

1322a

E4212V
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7*

R.

9.

10.
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Solve each ol the following hlems for the indicated unknown.
Put your answers on the appropriate blanks.

I.

7.

3.

4.

I
Et OW

IVW----
!Is%

El= 6V
4SAA.

Et1:24V

II t= 0

I
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OBJECr-

Relate components of a relay sw_ , _ircuit to their purpose
with a minimum of 80% accuracy.

INSTRUCTIONS

This program presents information in small stepa called frames.
After reading each frame, slide a mask (sheet of paper or cardboard)
down the page until you see a short row of n%Wries (/////). Read the
question; answer it and then slide thz ma.- down unt'l the correct
answer is wmosed. If you miss a co an1.4ec, or you are not sure,
restudy Ow appropriate frame.

Supersedes 3ABR42331 -PZ-120, 6 June 1980.
OPR: 3370 TrGT
DISTRIBUTION: X

3:,70 TCHTG/TTGU-P - 1000; 'TVSA - 1
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Frame 1

While aircraft and missiles are not really human, they ..re capable of
doing some things that seem almost human. They can respond to orders just
as wr . Through the use of small electrical devices called "relays," they
can transmit electrical orders to mechanical motors to operate vital parts
of the aerospace vehicle.

///////////////

No response required

FramsT

To better understand a relay, we will examine the "working part:.."
Below is a coil of wire that will be used as an electromagnet. Perhaps you
re,411 that as currentticmsthrou_h'IlvetiefieldisbuiltuP
around the coiliyinet,itIrldillih.Likeatmaanyneaymetacoject
that a magnet normally attracts.

WIRE COIL

/////////////////

No resporPs required

Frame 3

A soft iron core is or into the cutter of the coil. While this bar does
not actually touch the coil of wire or have electrons flowing through it, it
does make the magnetic field stronger by providing an easier path for the
magnetic flux to travel.

METAL CORE

WIRE COIL

So far we have seen that a relay may be made of 2 coil of
and a soft iron

wire

////111 //////////
core
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Frame 4

If the wire oil is connected to a battery, a magnetic field will build
up around the coil. The field will reach out to attract any object that is
normally attracted by magnets.

//////////////////
No Response Required

4 943



Frame 5

Because our electromagnet has the ability to attract certain metallic
objects, we can make it do some uc_al work.

FIXED BO

I SPRi
I

rr- 1

BATTERY CORE

COIL

METAL BAR

Study the illustration carefully and then complete the statements below
by unel rlining the correct word(s).

a. The CORE is actually a (soft-iron) (hard steel) bar.

b. A (battery) (switch) supplies current to the electromagnet.

c. Current flows through the (coil) (core).

d. A magnetic field flows through the (coil) (core).

e. T-4! current is CONTROLLED by the (battery) (switch).

f. If the switch is turned on, the magnetic field will (attract) (repel)
the metal bar.

g. The spring will pull the metal bar back to its original position if
the switch is turned (on) (off).

//////////////

a. soft iron. b. battery. c. coil. d. core.

e. switch. f. attract. g. off.

949



Frame 6

Study this illus.:ration carefully and complete the statements that
follow by underlining t,e correct word(s).

II METAL BAR

U
gSPRING

BATTERY

WIRE COIL

METAL CORE

a. If the switch is closed, the metal bar will (compress) (stretch) the
spring.

b. The battery supplies current to the (coil) (core}.

c. The switch controls current through the (coil) (core).

d. The movable parts are tie (coil) (coil and spring) (metal bar, coil
and spring) (f,pring and metal bar).

e. The strength of the magnetic field is determined by the (spring)
(current).

f. There (is) (is no) current flowing in the coil with the switch open.

g. Them (is) (is no) current flowing in the upper metal bar.

h. The only purpose of the spring is to (pull the metal bar down)
(push the metal bar away from the core),

///////////////

a. compress. b. coil. c. coil d. spring and metal bar.

e. current. f. is no. g. is no.

h. push the metal bar away from the core.

950
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Frame 7

Here is another way our electromagnet can be setup to pull on a metal
bar (armature). Notice, that the bar is pivoted (hinged) on one end. It can
be pushed up by the spring and wiled down by the electromagnet. The proper
name for this metal bar is the Lud4ATURE. Complete the statements below by
underlining the correct word.

PIVOT POINT

CORE

AIM \TURE

/CPRING 'USHES UP

(MOUNTED SOLID
ON TN?", END)

COIL

R540

a. The battery sends current into the pivoted armature. (true) (false)

b. If the armature is hinged at the pivot point, the (right) (left) end
of the armature will move down.

c. The spring will return the armature to its normal position anytime
the s'itch is (open) (closed).

////////////////////

a. false. b. right.

c. oven (if it is closed the magnetic field will pull the armature down).



Frame 8

In this illustration we have added something new. There are two contacts
labeled "A" and "B." Underline the correct answer after you have carefully
studied this illustration.

A

a. If the switch is open, the armature will be resting against contact
(A) (B).

b. If the switch is clost.4, the armature will be drawn against contact
(A) (B).

c. When the coil is turned OFF, the armature will normally rest against
contact (A) (B).

d. Current from the battery will flow through the armature. (true)
(false).

////////////////

a. A. b. B c. A

d. False (Current flows orly through the coil).

952
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For a moment, let's take a look at a simple circuit.

BATTERY
SWITCH

LAMP

Frame 9

All we need to dc is close the switch and the lamp will light. The
battery supplies curreat to light the lamp when the switch is closed. The
switch completes the path from the battery's negative terminal through the
lamp, and back to the positive terminal.

No Response Required



Frame 10

Now we can put our electromagnet to work. Remember we normally turn a
switch on and off with our fingers. What is to keep us from using our
electromagnet to open and close the circuit between the battery and the
lamp?

Look at this illustration and then underline the correct word in the
statements below.

BATTERY NO 1

BATTERY NO 2

a. The switch controls current through the (coil) (lamp).

b. Current for the electromagnet's coil is supplied by battery (No. 1)
(No. 2).

c. Current for the lamp is supplied by battery (No. 1) (No. 2).

d. Current will flow from battery No. 2 to the lamp. (true) (false)

e. The current that lights the lamp flows through the (coil) (core)
(armature..

f. After the switch is OPENED, the lamp will go out because the spring
pushes the armature away from the contact. (true) (false)

g. Current flow through the pivot, armature, and contact to get to
the lamp. (true) (false)

//////;//////

a. coil b. No. 2 c. No. 1 d. false

e. armature f. true g. true

954
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Frame 11

It's time to give our electromagnet and armature combination a name.
From here on it will be referred to as a RELAY.

Label the parts in this illustration by writing the appropriate words in

the spaces provided.

(

E. BATTERY

///////////W,

CONTACT--.]:11i-1
1-41rw.CONTACT

C. ARmATuRt

A 6i.i....

0. SWITCH --------..

'''''..>-'
6.

SPRING

955
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COIL

CORE

RELAY I
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Frame 12

Tbis is also an illustration of a relay. Label the parts by writing the

appropriate cord in the space provided.

D

E

F (

/WM/WM/

CONTACT

ARMATURE

D. SPRING
CONTACT

956
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Frame 13

Relays are actually remo,ely controlled switches. .in example of their
use is the starter solenoid (relay) in your car. It takes a LOT of current
to start a cold engine. If the battery cables are too load, they will reduce
the amount of current the battery can deliver to the starter motor. The trick
then is to keep the battery cables short and, yet not have to get out of the
car and go beneath the hood just to close a switch between the battery and
the starter motor, This is.an illustration of one way in which it is done.

I

GROUND

BATTERY

STARTER
SOLENOID (RELAYL
Ammoll

BATTERY CABLE

STARTER SWITCH

STARTER GROUND
MOTOR

Close the starter switch and the magnetic field pubs the armatc_e of
the relay down. Now current can flow from the battery, through the starter
motor and armature of the relay, then back to the battery. In this case, It
is easy to see how a very small wire can cone up to the starter switch inside
the ca:. All the starter switch has to do is complete the circuit from the
battery's negative terminal, through the relay coil and back to the battery's
positive terminal (or to the chassis). No current goes from the rely coil to
the relay armature. It is the magnetic field that pulls the armature down
and closes the contacts.

WM/WM/
No Response Required

957
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Frame 14

By now you have noticed that we have two electrical circuits in our relay

diagrams. One of these is the CIRCUIT THAT CONTROLS THE RELAY causing it to

turn on and off. The parts that make up the circuit that controls the relay

are the -

BATTERY

SWITCH

Below are some circuit components. Draw a line between them to show

how YOU would wire them to make a circuit that CONTROLS just the relay.

//////////////

Your answer should res:Imble this drawing.

958
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Frame 15

The second circuit we have illustrated is the CIRCUIT THAT IS CONTROLLED
BY THE RELAY. It is usually made up of:

A SOURCE
Of POWER

0

O

AND A DEVICE THAT
USES THE ELECTRICITY

SUCH AS A LAMP
OR A MOTOR

R 552

Draw a line between the components below to show how you would wire a
CIRCUIT THAT IS CONTROLLED BY A RELAY.

(t) U

//////////////////

553

_L

Since we provided the "grounds," your answer should mumble this.

I-554

Notice the relay coil is NOT wired because it is part of the circuit that
CONTROLS THE RELAY.

959
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Frame 16

With the experience you have just gained in wiring a circuit that controls

a relay and a circuit that is controlled by a relay, draw in the necessary
wires to show how YOU would wire both a circuit that controls the relay, and
the circuit that is controlled by the relay. YOU MAY USE ONLY ONE BATTERY.

of

Your wiring should be similar to this - (if it is not, have your
instructor explain what must be done to correct it).

960
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Frame 17

Below are several illustrations of electrical circuits. Look at them
carefully and, when you are certain which kind they are, lapel them "Relay
Control" for those circuits that simply turn the relay on and off, and
"Controlled by a relay" for those circuits that are controlled by a relay.
Write the correct answer in the space provided next to each illustration.

cTi
2

3.

1. relay control

4.

3. controlled by a relay

//////////////

2. controlled by a relay

4. relay control

17
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Frame 18

You hrle learned that the circuits cal be divided into two entirely
different circuits. Study the circuit illustration below and underline the
correct answer to the questions that follow.

ft -55°

a. The battery supplies energy for both circuits. (true) (false)

b. The switch is part of the circuit that is controlled by the relay.
(true) (false)

The motor is part of the circuit that controls the relay. (true)
(false)

d. The relay coil is part of the circuit that controls the relay.
(true) (false)

//////////////

a. true b. false c. false d. true

962
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Frame 19

Symbols are used to represent the parts we have been working with so
let's get acquainted with them. It saves a lot of time if you recognize the
symbol and don't have to draw a picture of the battery, relay, etc. In the
right column are the symbols for the units in the left column. Match them
by drawing a line from the symbol to the device it represents.

0

0
0

A

0

0

A 8
X1

X2

0 -/4.--

0

/ / / I / / / / /

19
963
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Frame 20

A relay can be used to control more than one circuit. Study this circuit
for a few minutes then underline the correct answer to the statements below.

=MO

a. With the switch in the position shown, (No. 1) (No. 2) (neither)
lamp is lit.

b. If the switch is closed, (No. 1) (No. 2) (neither) lamp will light.

c. The switch lets current flow to both lamps if it is closed. (true)

(false)

d. The switch controls current ONLY through the relay coil.. (true)

(false)

e. Which circuit is NORMALLY closed when the relay is not turned on?
(No. 1) (No. 2)

////////////////
a. No. 1 b. No. 2 c. False d. True e. No. 1

964
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Frame 21

You saw in frame 20 that the relay is at a certain position when it is
NOT turned on.

NC

A-0 NO
B

1

0
(NOT TURNED ON)

- so we labeled its upper contact (A) as NC - Normally Closed.

Contact B has been labeled as NO - Normally Open to show that circuit
as being open when the relay is NOT turned on.

Label the contacts in the relay illustrations below to show their positions
with the relay at rest (not turned on). You may abbreviate them NO and NC -

NC

A-41 NO

//////////////

40-1.1-1, NC
ALNO NO

965
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Frame 22

As with switches, relays are named according to their contact arrangements.
This is called a "Single Pole, Single Throw" relay.

POLE ----- / 1

1111---411 AL---411 i THROW

SPST

A "POLE" is the place where current enters the contacts and a "THROW"
is the position the relay can be moved to in order to complete a circuit.
The one shown above has a "Single Pole" and can be "thrown" (pulled down) to
complete a path. Below is another SPST (single polo., single throw contact
arrangement).

POLE

I

/1/111/11////ll

No Response Required.

966

22



Frame 23

Study the illustration below and notice we have added a set of contacts.

POLE

POLE

THROW

POLE
AL---11

HROW
"11°1!-411/1"----19

In this illustration each relay has TWO poles (places for current to enter
the contacts) and TWO throws (positions to which the relay can be thrown to
complete the circuits). If the relay is turned off, the spring moves the
contacts to their original (up) resting position and certain circuits are
completed. If the relay is turned on, the contacts are thrown down to com-
plete different circuits. So, this relay would correctly be called a DPDT or
double-pole, double-throw. Select the correct abbreviation for the contact
arrangements below by underlining the correct answer.

(SPST) I (SPDT)
(DPST) (DPDT)

C 110--410

(SPST) I
(SPDT)

(DPST) (DPDT)

ft--

13 0--VfA-110

(SPST) (SPDT)
(DPST) (DPDT)

(SPST) I (SPDT)
(DPST) (DPDT)

///////////////

a SPST b. SPDT c. DPDT d. SPST

23 967



Frame 24

Did you identify figure "b" in frame 23 as a single pole, double throw
relay? If you did, EXCELLENT! This shows you are capable of figuring out
these arrangements by simply remembering that the contact where current
enters is called a "POLE" and the positions it can be "thrown" to are called
"throws." Perhaps you also noted that figure "b" had only one COMMON POLE
so that any current entering this pole could be switched to either the upper
(NC) contact or the 'owe:. (NO) contact depending upon which position the
relay is thrown. Take another good look at the figure in frame 18 to see an
example of this "common" pole of the single pole, single throw relay. Here
is a problem to stimulate your memory. With the information you have learned
so far and the illustration below, underline the word or words that correctly
fit the piece being pointed to by the arrows.

(POLE) (THROW) (NO) (NC)
(POLE) (THROW) (NO) (NC)

0--A

X1

(COIL) (CORE)
X2 (COIL) (CORE)

///////////////

(POLE)
0-0 (NC)

(POLE) __A 1 A_ (NO)

I (COIL)

(CORE)

968
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Frame 25

Something far too impotZant for us to overlook is how current travels

across the relay's contacts. We have shown a DPDT relay in this figure, so

you can see the path current flown.

7 CIRCUIT NO I

POLE NO 43 CIRCUIT NO 2

POLE NO 2 ---4177-41w 11111;5:5/111..

COIL CIRCUIT

CIR'.UIT NO 3

A---* CIRCUIT NO 4

No current travels from Pole No. 1 to circuits 3 and 4 at any time.
Pole No. 1 carries current only to circuit 1 or 2. Pole No. 2 carries current

ONLY to circuits 3 or 4, NEVER to circuits 1 and 2.

Incidentally, so you won't misunderstand, the actual contacts on a relay
will be labeled according to the manufacturer's own desire. We labeled them

as shown here so you would know which ones we are talking about in our explana-

tions. It is necessary that you fully understand how current travels from
a pole-out through the contacts. ActLally, there is some type of insulator
between the upper (No. 1) and lower (No. 2) armature poles so that current
cannot possibly get from one armature pole to the other. Our relay is made

this way so we can CONTROL TWO circuits at the same time with only one switch.
Draw a relay circuit that controls two different light bulbs separately. You

may use -

1. a switch.

2. a relay.

3. ONE battery.

4. Two lamps.

5. ONLY the CORRECT circuit symbols.

//////////////

Your circuit should closely resemble the illustration in frame 20.

969
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Frame 26

This concludes our presentation of relay construction and operation. It

is by no means all you can learn about these wonderful devices. It is enough
to enable you to actually wire a relay into a circuit and observe its cpera-
tion as it controls a lamp.

You will apply what you have learned in the relay PROJECT.

END OF TEXT.

970
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Environmental Pneudraulics Branch 3ABR42331-WB-120
Cnnnute APB, tllinois

RELAY SWITCHING CIRCUIT PERFORMANCE

OBJECTIVE

Using a DC fundamental trainer, construct a relay switching circuit
and measure electrical values with one instructor assist allowed for
each task area.

EQUIPMENT

trainer, P/N 521685
Hultimster

SAFETY

Basis of Issue
llstudent
1/student

CAUTION: Remove watches, rings, bracelets, 'tc., before starting
any work on the equipment. It is also a good safety practice to
work on the equipment ve.th one hand. This practice reduces the
chances of receiving an electrical shock to some vital body
organ when working with electricity. Also remember that light
tuns, resistors, etc., do get HOT and could burn the skin.

PROCEDURE

Pay close attention to all directions that you are given in the
workbook. When performing in the workbook, such as ,:lmmering questions
or recording electrical measurements, if your response is lmenislo
restudy the information with instructor assivtance if needed.- PO Ortc
hesitate to ask the instructor questions. You will find chgt pm of
the exercises have the correct answers on pages 5 and 6. After you
have completed all the exercises you will satisfactorily complete the
progress check assigned by the instruct-r. Pages 13 through 15 may, if
you wish, be removed for your convenience.

When you leave your trainer for scheduled or unscheduled breaks
insure the following are done before you go.

1. Insure the SPST switch is turned OFF in the circuit.

2. Insure the 28 VDC bus bar (red) has all the electrical
leads removed from it.

3. Insure the negative (black) bus bar has all the electrical
leads removed from it.

4. Insure the multimetet is properly stored during this period.

a. Insure the controls on the meter are proc,rty set for
storage.

Supersedes 3ABR42331-WB-111C, 29 July 1977.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370TCHTG/TT0U-P - 400; TTVSA - 972
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or' "lb

b. Leave the test leads attached to the meter.

c. Wrap the meter leads around the instrument.

d. Place the meter on the locker shelf.

5. When you return from the break take the same mater and go
back to work.

Exercise 1

1. Trainer preparation for Exercises 2 through 4.

a. The metal plate on the right side of the trainer may be
raised for the workbook to lay on

b. Sign out a multimeter, see the lab instructor if
assistance is needed.

c. Insure that the instructor has connected power to the
trainer. You will do this by measuring the power with the multimeter
at the positive (red) and negative (black) bus bar. The bus bars are
located in the lower right and left corners of the trainer. If you
don't read a voltage (24 VDC + 4 VDC) see your instructor.

d. Insure that fuse wire is across the fuse holders of
each of the three (3) ammeters on the trainer. This will protect the
ammeter internal circuit from overload. If the fuse wire is burned
in half or is missing see your instructs for assistance.

e. Pull the circuit breaker out (open) and turn OFF (open)
two (2) single pole single throw (SPST) switches.

f. Insure all leads in the drawer are in good condition
with a plug at both ends. If you find any damaged leads, give them
-o the instructor.

g. Examine -..:trical lead ends, and note how you may
connect them if one lead La coo short. See your instructor for
assistance if needed.

Exercise 2

2. Built.. a circuf.t which controls the relay in a relay witching
circuit. This circuit will be made .ip of one (1) load (the relay coil)
with a SPST switch and a circuit breaker.

a. Using the electrical leads from the drawer construct
the relay control circuit shown in figure 1 on page 13. This consists
of a C/B, SPST switch, and the relay coil.

Note: If an electrical lead is too short you may connect
leads together to prevent stretching or breaking them.

b. Before applying power to your circuit, constructed to
control the relay, be sure yoti have the wires hooked up as shown in
figure 1. s
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c. If you study this circuit you will find that the rel;y
coil control circuit is nothing more than a series circuit with the
coil as the load.

d. Answer the question below figure 1 on page 13.

Exercise 3

3. This exercise will help you build a circuit which is
connected at the relays "NO" contacts. This circuit will be made up
of two (2) loads (light bulbs) in parallel, wired through the relays
"COM" and "NO" contacts and connected to the C/B.

a. Using the electrical leads from the drawer construct
the circuit being controlled by the relay armature, as shown in
figure 2 on page 14. This circuit consists of two (2) light bulbs,
the relay armature with its contacts, and the C/B.

b. The wire between the "COM" point and the C/B will be
connected to the negative side of the C/B. This is the side of the
C/B which does not have the wire connected to the bus bar. This
way, the C/B can protect all the circuits.

c. If you have correctly wired the circuit you will be
able to turn on the lights by moving the SPST switch to ON. Remember,
the SPST switch controls power to the relay coil, the current flow
throub. the coil creates a magnetic field, the magnetic field pulls
down the armature allowing current to flow through the bulbs.

d. When the SPST switch is opened (OFF), current is cut
off to the relay coil, the magnetic field disappears, the armature
is pulled up by a spring which cuts off the current flow through the
bulbs.

e. Answer the cm:estions below figure 2 on page 14.

Exercise 4

4. This exercise will help you build a circuit which is
connected a* the relays "NC" contacts. This circuit will be made
up of two (2) loads (light bulbs) in series, wired through the relays
"COM" and "NC" contacts and connected to the C/B.

a. Using the electrical leads from the drawer construct
the series circuit being controlled by the relay armature, as shown
in figure 3 on page 15. This circuit is connected to the "NC"
con*act of the relay and consists of two (2) light bulbs in series,
the relay armature with its contacts and the C/B.

b. The wire between the "COM" and the C/B is the same wire
you used in exercise 3. You now can see how it serves a dual purpose
for the "NC" and the "NO" contacts of the relay. The C/B serves
several circuits, the relay coil circuit, the light bulb parallel
circuit on the "NO" contacts (exercise 3), and the light bulb series
circuit on the "NC" contacts constructed in this exercise.
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c, If you correctly wired the circuit in figure 3 you
will be able to turn on the light bulbs in the parallel circuit by
moving the SPST switch to the ON position, and if you move the SPST
switch to the OFF position, you will turn OFF the parallel circuit
and turn ON the light bulbs in the series circuit.

d. Alec note that when power is applied to the relay coil
the light bulbs connect to the "NO" circuit illuminate (light) and
if power is cut off to the relay coil the light bulbs connected to the
"NC" circuit illuminate.

e. Answer the questions below figure 3 on page 15.

f. If you have any questions about the exercises you
have just completed, ask /our instructor NOW.

g. Remove all the leads and store them in the drawer and
report to your instructor for a progress check assignment.

Correct responses for figures 1 through 3.

FIGURE 1

Total applied voltage 24 VDC + 4 VDC.

Voltage drop across the relay coil is 24 VDC + 4 VDC.

1. a

2. a

3. b

4. b

5. b

FIGURE 2

Right lamp 24 FDC + 4 VDC

Left lamp 24 VDC + 4 VDC

Voltage drop across the relay coil is 24 VDC + 4 VDC

Total current flaw through only the light bulbs is 3 amp + 0.4 amp.

1. b
2. a

3. a

4. b
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FIGURE 3

Right lamp 12 VDC + 2 VDC

Left lamp 12 VDC + 2 VDC

Total current flow in the light bulb series circuit is 1 amp + 0.4 amp.

1. b

2. a

PROGRESS CHECK INSTRUCTIONS

This progress check will require you to correctly construct a
relay-switching circuit and measure electrical values with one
instructor assist allowed for each task area. Instructor assist for
each task area is defined as an aid, such as technical direction or
explanation given a student, who can proceed no further on his/her own.
The instructor will initial your work after you satisfactorily complete
each task of the progress check. If you do not pass the progress check
you will follow the instructions given by the instructor.

You will not communicate (talk, etc) with other students during
the progress check without your lab instructor's permission.

You will not use fellow students work to solve the problems in
thia progress check.

You must satisfactorily complete this progress check before
further progression to other lab progress checks.

Have your lab instructor select and initial on page 6 or 8,
the relay-switching circuit progress check you are to draw on the
figure on page 10., Using a lead pencil only, draw in the relay-

switching circuit leads between the various symbols. Later you will
construct this circuit on the trainer. After you have satisfactorily
completed the progress check you will follow the instructions on page 11.

Instructor's initials. Assigned progress check 1.

STUDENT'S FAME
Last First MI

After completion of each task listed do not progress until the
instructor has initialed your work for that task.

TASK 1 - Draw a relay control circuit in the figure on page 10. This

circuit will be made up of a C/B, SPST switch, and relay coil.

Instructor's initials for first instructor assist.

Instructor's initials for eecond instructor assist which is
failing.

Instructor's initials for progression.
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TASK 2 - Draw a parallel circuit controlled by the relay in the
figure on page 10. This circuit will be made of two (2)
loads (a light bulb and a 10 ohm resistor) in parallel,
wired to the "NO" contact of the re_ . Also draw in
ti -ger lead between the C/B and the "COM" of tha relay.
Theac two (2) loads will share a common ground wire.

Instructor's initials for first instructor assist.

Instructor's initials for second instructor assist which is
failing.

Instructor's initials for progression.

TASK 3 - Draw a series circuit controlled by the relay in the figure
on page 10. This circuit will be made up of two (2) loads
(light bulbs) in series, wired to the "NC" contact of the
relay. This series circuit will share the common ground
wire used for the parallel circuit above.

Instructor's initials for first instructor assist.

Instructor's initials for second instructor assist which is
failing.

Instructor's initials for progression.

TASK 4 - Construct the relay-switching circuit drawn in the figure
on the trainer and demonstrate an operations check for the
instructor.

Instructor's

Instructor's
failing.

Instructor's

TASKS

initials for first instructor assist.

initials for second instructor assist which is

initials for progression.

Measure and record the electrical values required below.
Take these values from the circuit in the figure on page 10
assigned. Total current flow for only the circuit connected
to the "NO" contact of the relay is amps.
Voltage drop across the resistor in the parallel circuit
connected to the "NO" is volts.

Voltage drop across the left light in the aeries circuit
connected to the "NC" is volts.

Instructor's initials for first instructor assist.

Instructor's initials for second instructor assist which is
failing.

Instructor's initials for progression and satisfactory
completion of this progress check.

Turn to page 11 fur further instructions.

Note: If the instrurtor provides an instructor assist
for a task, the instructor will initial as required.
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Instructor's initials. Assigned progress check 2.

STUDENT'S NAME
Last First MI

After completion of each task listed do not progress until the
instructor has initialed your work for that task.

TASK 1 - Dra a relay control circuit the figure on page 10. This
circuit will be made up of a C/B, SPST switch, and relay coil.

Instructor's initials for first instructor assist.

Instructor's initials for second instructor assist which is
failing.

Instructor's initials for progression.

TASK 2 - Draw a parallel circuit controlled by the relay in the figure
on page 10. This circuit will be made up of two (2) loads (two
(2) light bulbs) in parallel, wired to the "NO" contact of the
relay. Also draw in the power lead between the C/B and the
"COM" of the relay. These two (2) loads will share a common
ground wire.

Instructor's initials for first instructor assist.

Instructor's initials for second instructor assist which is
failing.

Instructor's initials for progression.

TASK 3 - Draw a series circuit controlled by the relay in the figure
on page 10. This circuit will be made up of two (2) loads
(a light bulb and a 10 ohm resistor) in series, wired to the
"NC" contact of the relay. This series circuit will share
the common ground wire used for the parallel circuit above.

Instructor's initials for first instructor assist.

Instructor's initials for second instructor assist which is
failing.

Instructor's initials for progression.

TASK 4 - Construct the relay switching circuit drawn in figure on
page 10, on the 'trainer and demonstrate an operation check
for the instructor.

Instructor's initials for first instructor assist.

Instructor's initials for second instructor assist which is
failing.

Instructor's initials for progression.
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TASK 5 - Measure and record the electrical values required below.
Take these values from the circuit in figure on page 20
assigned. Total current flaw for only the circuit connected
to the INC" contact of the relay is amps.

Voltage drop across the resistor in the series circuit
connected to the "NC" is volts.

Voltage drop across the left light in the parallel circuit
connected to the "NO" is volts.

Instructor's initials for first instructor assist.

Instructor's initials for second instructor assist which is
failing.

Instructor's initials for progression and satisfactory
completion of this progress check.

Turn to page 11 for further instructions.

Note: If the instructor provides an instructor assist
for a task, the instructor will initial as required.
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After you have satisfactnrily completed the progress check you
will do the following:

1. Put all the good leads in the drawer of the trainer.

2. Give all the broken leads to the lab instructor with the
parts.

3. Place the work table in the down position on the trainer.

4. Return the multimeter to its storage cabinet. Be sure the
controls on the meter are set correctly for storage.

5. You will turn in your work to the lab instructor before you
leave the lab area.

Note: You may review any part of all of this workbook if
you wish, but your work will not leave the lab area without
the lab instructor's permission.

982
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COM

C/b SPS X1

OS

Figure 1.

Total applied voltage

Voltage drop across the relay coil is

Circle the correct answer below.

1. The circuit you have constructed will magnetize the relay coil
and cause its armature contacts to be pulled down.

a. True

b. False

2. For the relay to operate, BOTH the circuit breaker and the SPST
switch must be

a. closed.

b. opened.

x2

NC

NO

Islay

volts.

NEG

3. When the relay is turned ON the armature will complete the path
between the "common" f,COH) pole and the "normally open" (NO)
and the "normally close" (NC) contacts. \

a. Yea

b. No

4. The pulls the armature down.

a. SPST switch

b. magnet field

5. The circuit breaker is provided to

a. permit turning the relay on and off normally.

b. open the circuit in case the circuit becomes shorted.

Correct answers on page 5.

Go to exercise 3.
983
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Voltage drop across the lamps or the trainer. Right lamp

Left lamp

Voltage drop across the relay coil is volts.

Total current flow through only the light bulbs is amps.

1. The two light bulbs in parallel are directly controlled by the

a. SPST switch.

b. relay armature.

2. The relay armature is controlled by the

a. magnetic field.

b. SPST switch.

3. The magnetic field is controlled by the

a. SPST switch.

b. C/B.

4. The SPST switch is controlled by the

a. C/B.

b. circuit operator (you).

Correct answers on page 5.

Go to exercise 4.

984
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P05

COM

C/11 SPST X1

Figure 3.

NC

NO

Misty

MEG

Voltage drop across the lamps on the trainer in only the series circuit.

Right lamp volts.

Left lamp volts.

Total current flow in the light bulb series circuit is amps.

1. When the SPST switch is in the ON position

a. all four (4) lights are to light.

b. only the lights in the parallel circuit will light.

2. The ammeter will show the total current flow in

a. only the parallel circuit when the SPST switch is ON.

b. both light bulb circuits and the relay coil circuit when the
SPST switch is ON.

Correct answers on page 6.

Go to exercise 4, step "f".

985
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OBJECTIVES

Specify basic facts relating to DC motors with a minimum of
80% accuracy.

INSTRUCTIONS

NOTE: BEFORE PROCEEDING, REMOVE THE RESPONSE SHEETS AT TEE
BACK OF THIS 1/141. THEN =THE TOUR ANSWERS ON THE RIMED SHEETS.

This programmed text venoms information to small steps called
liftmen." After reeding each frame, you are expected to respond*
supplying. :word or lords, to complete a statemert, CUOMO eitbar MBE
or FALSE, select the correct answer, or toms to their peeper
meaning. DO 1ST MK IN THIS TEXT.

Use a ,piece of paper or card as a meek to cover the printed arterials.
Slide the peper ores* down the page until you 'wee the =sof *loam
(11111/1/11/111111111). One mesa step is now exposed for yen to med.
Read t:de arterial presented. .elect your response to the questions and
indicate your response on the veeponee sheets. After you Impend to
the ques--ion, slide the meek down and compare your answer wIth the one
given in the text. If you are correct, go on to the next frame. If
your answer is wrong, read the frame again.

Supersedes 3AIR42331-PT-121, R Nay 1980.
OFR: 3370 ICHTG
DISTRIBUTION:
3370 TCOTGATGU-P - 500; DAV - 1
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Frame. 1

Mechanical energy which has been converted from electrical energy
is used in many different applications. You will be working or equip-
ment that contains some form of energy conversion. Therefore, an under-
standing of the devices providing energy conversion are essential if
you are to become good in your field.

There are many devices which convert energy. Our discussion will be
limited to a device which changes electrical energy into mechanical energy,
the motor. Motors are normally classified according to the voltage or
current used, that is, AC or DC. In this text we will discuses the series
and shunt DC motors.

//////////////////////////////////////////////////////////////////////////

No Response Required

From 2

As you have already learned, a magnetic field exists around any current-
carrying conductor. The strength of this magnetic field depends upon the
amount of current flowing in the conductor. Men this current-carrying
conductor is placed in a fixed magnetic field, the reaction of the two mag-
netic fields will cause the conductor to move out of the fixed field. The
amount and direction of this force resulting from the interaction between
the conductor's magnetic field and the fined magnetic field determines the
speed of the motor and its direction of rotation. All motors operate
on the same fundamental principle, the force exerted on the current-
carrying conductor when it is placed in a magnetic field.

Check the following statements that are TRUE.

1. A magnetic field exists around all current-carrying conductors.

2. The strength of the magnetic field around a current-carrying
conductor depends upon the amount of current flow in the conductor.

3. The fundamental principle of operation of any motor is that force is
exerted on a current-carrying conductor when placed in a magnetic
field.

3
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Answers to Frame 2: / 1. 2. V 3.

Frame 3

The fotae whiah acts Jo the current-carrying wtr (conductor) when it is placed

in the field of aluagnet_is at right angles to the wire. IX As also sit right

angles 05- the mastic ftald met.* by the magnet. The action -of this farce

upon the current-carrying conductor as shown below. Tfie illustiition

shows a wire located between tbs magnet's poles. The_lines of farce

lb the magnetic field are tram the:north_ pole to the mouth pas (exter-

nally). When no current flows no f0:50 is exerted on Ow-conductor.

win UMW? MOM
1.000011 IN a MRSNINC ems

Complete the following statements.

1. A
conductor.

field exists around any current-carrying

2. Unless current is flowing within a conductor, no
As exerted upon it, even when in a magnetic field.

989
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Answers to Frame 3: Magnetic - -Force

Frame 4

When current flows through the condu :or, amagnetic field is set up
about it, as is shown in the illustration.

_ -

WIRE WITH CURRENT
ANO ACCOMPANYING MD

The direction of the field around the. current-carrying conductor depends
on the direction of current flow. Current in one direction creates -a clockw
wise field about the conductor. Current in the other direction creates a
counterclockwise

Do you remembeithe rule for
determining direction of rotation
of the magnetic field? The rule
states "Grasp the conductor in the
left hand. The thumb points in the
direction of current flow. The
fingers will point in the direction
of the magnetic lines of force

DIRECTION Of MILD
around the conductor."

DINCTION Of ONIONY

LIFT NAND MUNI GM

Study the diagram above and answer the following question.

With current flowing through the conductor in the direction of the
arrow, (you are standing at the left end of the conductor looking towards
the right end) the magnetic field will rotate in a direction?

(Counterclockwise) (Clockwise)

5
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Answer to Frail* 4: Countesciockwise

Femme 5

The force which acts upoc the carrent-carryies conductor ass it ic
placed between thi poles of thweeseet will drista the candmoteraat_of the
field. The direction of this forte is shore. below Mote theeth&Amerstio
lines of farce behmethevcamdsotor are in the sem arectiee of the lime
of force avowed tits coach:otos. these tan forces add end NMI DOM the
.emetic field. below the oomehictor. The. lime of fore* awe- the, oondsoter-
oppose the neenet'y lines. of faros. This sozion..weeksee, the negestia field
shave the condasetorb The conbiestion, of the strait& Wad belay the can-
dector and the week fiat above, the- ceedestor produces farm *IA drive..
the conductor up. TheWataecanductoris
the field is strgatat.

141114011044 1111111/MWIMININ
OP MIN11.1111

Identify the follow4PS statement* as tram (7) or fill" (7) .

1. A curicent cerryine.condsztor placed between the poles of a. neeristig not effected by the neenitic field.

2. With currant flowing u shun in the illustration, the conductor will
be pushed. up.

//////////////////////////////////////////////////////////////////////////
F 1. T 2.

6
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Frame 6

If the current flow through the conductor were reversed in direction,
the two fields v4uld add at the top and subtract at the bottom. Since a
conductor is always pushed away from the strong field, the conductor would
be pushed down. The direction of motion can be determined easily as the
following illustration shows. Don't confuse this rule with the left hand
rule which is used to determine the polarity of a coil. This is called
th2 Right Hand Motor Rule and states "Point the index finger of the ELME
bald in the direction of the magnet's external magnetic field (N to S).
The second finger pointed in the direction of current flow. The thumb will
indicate the direction of motion."

Complete the following statement.

The Right Hand Rule is used to determine the direction of conductor

//////////////////i///////////////////////////////////////////////////////

Motion

Frame 7

We now know how a current-carrying conductor moves in a magnetic
field. Let's determine how this action is put to use in a motor. AlthoughDC and AC motors operate on the principle just explained, they use dif-
ferent methods in obtaining a magnetic field and conductor current. For
this reason let's discuss the basic DC motor before covering the basic
AC motor.

///////////////////////////////////////////////////////////////////////////

No Response Required
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Frame 8

If the single conductor is bent into a loop, the loop will tend
to rotate in the field between the magnets. In the loop shown below,
current flow is inward on side "A' and outward on side '3 ". The mag-
netic field about "B" is clockwise. The magnetic field about "A" is
counterclockwise. With the single conductor, in which current flowed
inward, a focce will develop which pushes "1" downward. Current flow
in the field 'of the magnet and the field about "A" is inward. The

magnetic field will add at the bottom and subtract at the top. You
can prove this by the Right Hand Hbtor Rule, "A" will move upward.
The loop (A and B) will rotate until both sides are outside of the
magnetic lines between the north and south poles of the magnet. In

this position no torque (twisting force) is produced and the loop
remains stationary instead of turning over.

POLE PIECES

AV - MAGNETIC
FIELD

CURRENT
FLOW

Identify the correct words to complete the following statement.

With current flow as shown in the diagram above, the magnetic field
will be (strongest) (weakest) above B and below A, causing the loop to rotate
(clockwise) (counterclockwise).

/////////////////////1,//////////////////m//////////////////////iiiiiiii
strongest counterclockwise

Frame 9

Let's summarize what we've learned in the preceding frames by
identifying the following statements as true (T) or false (F).

1. When current flows through any conductor, a magnstic field is set
up about the conductor.

2. If a current-carrying conductor is placed between the poles of a

magnet, the two magnetic fields cancel each other.

3. The direction of current flow 'within a conductor determines the
direction of the magnetic field about it.

4. The direction in which a conductor is forced out of the magnetic
field can be determined by using the Right Hand Motor Rule.

8
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Answers to Frame 9: 1. T 2. F 3. T 4. T

ham 10
It is general practice to draw a cross representing current flowing

away from you in a conductor. A dot represents current flowing toward
you.

Study the illustration to become familiar with this method of showing dir-
ection of current flow through a conductor.

/////////////IIIIIIII/IIIMIll///////////////////////////////////////////
No Response Required

Frame 11

When the loop is parallel to the magnetic field as shown at 0° in
the following illustration torque is maximum. Maximum torque occurs at this
position. In this position the force acting upon the coil is in the same
direction as coil movement. In any other position, however, only a portion
of the force is in the direction of coil movement.

Complete the following statement.

Maximum torque occurs when the
coil is in Lae position labeled

(00)
(90°)

////////////////////////////////

(0°)

Torque on a coil at various angles of rotation.

9
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Frame 12

As the loop approaches the neutral plane of 900 (refer to frame 11),
torque decreases. If the loop has sufficient "inertia," (a tendency to
keep moving as a flywheel would) it will swing past the neutral plans,
as shown in figure 1.

When loop side A swings to the right aide, and loop side I swings to
the left of tike neutral plane, torque reverses. The loop will attempt
to reverse its direction of rotation.

. ." .. .

. p
11.

....
. I. .

Figure 1.

Notice in figure 2, loop aide A is to the left of the neutral
plane. The current through it causes a counterclockwise torque. The
current through loop side II to the right of the neutral plane is in
the opposite direction. It also causes a counterclockwise torque.
Tc keep torque in a counterclockwise direction, the current through
the loop side to the left of the neutral plane must always flow out
of the page (e). The current on the right of the neutral plane must
always be into the page (m). To maintain continuous rotation some
means must be provided which will reverse the direction of current
through the loop as it rotates past the neutral plane.

..
*. :

Figure 2.

Is the following statement TRUE or FALSE?

In order for Cle loop to rotate counterclockwise, the current through
both sides of the loop Lust be in the same direction.

//////////////////////////////////////////////////////////////////////////

False

10
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Frame 13

This current reversal is accomplished by use of brushes and a commutator.

A commutator is made up of a number of copper segments separated by in-
sulating spacers. The number of segments depends upon the number of loops
placed in the magnetic field, the type of coil winding used, and the voltage
applied to the coils. Each segment is connected to a coil. The coils

are wound so their sides are 180° apart.

ARMATURE

COMMUTATC R

Complete the following statement.

The procedure of reversing current is accomplished by using
and a

//////////////////////////////////////////////////////////////////////////

brushes commutator

11
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Frame 14

Complete the following statements.

1. In a diagram showing current flow in a conductor, a dot (e) indicates
that current flow is (into, out of) the page.

2. Maximum torque occurs when a coil is
(inside of ) (outside of) the magnetic field.

3. In order to maintain continuous rotation of a coil, current flow
must (reverse-not reverse) in direction within the coil as it
sweeps past the neutral plane.

4. Each: egment of a commutator is connected to a
(coil-brush).

/////////////////////////1////////////////////////////1/1/////////////////

1. out of 2. inside of 3. reverse 4. coil

Frame 15

The amount of torque developed in a eoil depends upon several factors--
the strengths of the two reacting magnetic fields, and the position of the
coil in the field. Let's take another look at the different positions of
the coil (loop). In a coil carrying
a steady current located in a uni-
firm magnetic field, the torque will
vary at different positions of ro-
tation. When the coil is parallel
to the lines of force, such as at
00, the torque is maximum. 'then it
is at 90°, the torque is at minimum.
At other positions the torque ranges
between zero and maximum.

.;N

ZERO TORQUE

Torque on a Coil at Various
Angles of Rotation.

Study the illustration and answer the following question.

With current flow and force in the direction as shown, the conductor
will rotate in a direction?

(clockwise) (counterclockwise)
//////////////////////////////////////////////////////////////////////////

Counterclockwise

12
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When a loop (conductor) is rotated
in a magnetic field, a voltage is in-
duced in each side of the loop, see
figure 1. During rotation, the two
sides (A and B) of the loop cut the
magnetic flux lines in opposite dir-
ections. Although the current flow
is continuous in the loop, it moves
in opposite directions with respect
to the two sides A and B. To check
this, apply the right hand rule, as
shown in figure 2, to A and B in
figure 1. Comparing wires A and B.
When the loop rotates half a turn,
the wires have exchanged positions.
The induced EMF within each wire
has reversed its direction. When two
magnetic poles are used, the induced
voltage reaches its peak value and reverses its direction twice per revo-
lution. As a motor changes electrical energy to mechanical motion, it is
at the same time generating a voltage (EMF) because it moves through the
magnetic field.

Frame 16

Figure 1. Voltage Induced
in a Loop Conductor.

FLUX FORWARD

INDUCED
EMF

a CONDUCTOR
I MOVED UP

RIGHT
HAND

itp0.
1101i0`
1010111

001;11;10

N

WA 10

.:-0111001°.--
INDUCED EMF

N

Figure 2. Left Hand Rule.

The action of the induced EMF will always oppose the applied EMF
in a motor armature. This action called counterelectromotive force
(CEMF). The CEMF tends to decrease the applied EMF on the armature.
This in turn decreases the total armature current.

Is the following statement TRUE or FALSE?

Counterelectromotive force (CEMF) always has the same polarity as the
applied EMF.

//////////////////////////////////////////////////////////////////////////

False
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As the cm gets nearly as large as the applied armature voltage the

armature current decreases. Very little current is required to keep a motor

running without a load, just enough to overcome electrical Iosses and

friction. If a greater load is put on the motor, the motor will slow down.

This reduced speed causes the motor to gennrete less C. Since there

is now less CENT (induced voltage) the a 1 ed current will be allowed to

increase. The increase in current de ops a greater torque to asks up for

the increased load. Since the applied voltage remaias constant, there is

a definite speed for each change of load. The reaer

the speed. the.CENF is the controlling factor in s and torque rev.-

lation of a motor.

Select either TRUE or FALSE for the follcJing statements.

1. From our discussion of
counterelectromotive force (CENT) we can say

that CENT is induced voltage or current in the armature.

2. Counterelectronotive force is always opposite in polarity to the

applied ENT.

3. CENT is the controlling factor in the regulation of the speed of a

motor.

///////////////////////////////////////////////////////////////////////////

T 1. T 2. T 3.

Frame 18

As wo begin to discuss the different types of DC motors, let's first

cover the major parts of a basic DC motor. These major parts are the arma-

ture assembly, the field assembly, the brush assembly, and the end -.ems.

These will be diicussed separately in the following frames.

//////////////////////////////////////////////////////////////////////////

No Response Required



Frame 19

The armature assembly contains a laminated soft iron core, coils, and a
commutator, al_ mounted on a steel shaft. Laminations -- layers of soft
iron, insulated from each other- -form the armature core. Solid iron is not
used, since a solid iron core revolving it the magnetic field would heat and
use energy needlessly. The armature
windings are made of insulated copper
wire. They are inserted in slots
which are insulated to protect the
windings. The ends of the windings
are connected to the commutator seg-
ments. Wedges or steel bands hold
the windings in place to prevent

them from flying 7.:= cf the sluts
when the armature is rotaeirg at Commutator
high speeds. The commutator is mad(
up of an even number of copper seg-
ments insulated from each other and
from the armature shaft by pieces
of mita.

Complete the following statements.

ARMATURE ASSEMBLY

1. A soft iron core, coils, and a commutator make up the
assembly.

111/ 2. The ends of the windings are connected to the

3. The commutator is made up of an (even) (odd) number of copper
segments.

////////////////1////////////////////////i////////////////////////////////
1. armature 2. commutator segments 3. even

Frame 20

The field assembly consists of the field frame, the pole pieces, and
the field coils. It contains laminated soft steel pole pieces on which
the field coils are wound. A coil, consisting of several turns of insulated
wire, fits over each pole piece. Together with the pole, it makes up a
field pole. It !,s this field assembly that takes the place of a natural
magnet such as we have used in previous illustrations. By winding the field
pole we form an electromagnet.

Identify the parts that make up the field assembly.
1. 2. 3.

//////////////////////////////////j////////i////////////1/////////////////

1. pole pieces 2. fie14 coile 3. field frame

15
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Friesen

The brush assembly contains the brushes and their holders. The brushes
are usually smell blocks of carbon. This material lcate a long time and

doesn't wear the commutator out as
quickly se other materials might. The
holders permit some play in the brushes
so they can follow soy iteasuirtrities
is the surface of the commutator and
thereby smite good contact at all times.
Springs hold the brushes firmly
against the commutator.

SOX IVPE &RUIN

Complete the following statement.

Brushes are usually made of to reduce wear on the

//////////////7/////////////////////////////////////////////////////a////

carbon commutator

Frame 22

The sod frame is the part of the motor on the opposite end from the
commutator. The end frame is usually designed so that **lofty cam be
Pared on that sad to the unit it will be turning. The bearing for the
drive end is located in the end frame. Sometimes the end frame is lade a
part of the' unit driven by the motor. When this is done, the bearing on
the drive end may be located in any one of a lumber of plena'.

Select TRUE or FALSE for the statements.

1. The bearing for the Arive and is lo-oted in the end frame.

2. The end frame is a part of the commutator.

3. The motor is usually geared to the unit Orive on the and frame.

7777////////////////////////////////WWW/////////////////////////////

T 1. F 2. T 3.
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Match the units listed in the left hand column below to the major part
of a DC motor to which they belong in the right hand column.

1. Coils, commutator, and
soft iron core.

a.

b.

End frame.

Field assembly.
2. Brushes and brush holders.

c. Armature assembly.
3. Bearings.

d. Brush assembly.
4. Pole pieces, field coils

and field frame.

//////////////////////////////////////////////////////////////////////////

1. c 2. d 3. a 4. b

The first type of DC motor which we shall
discuss is the series motor. A series motor
has its field winding connected in series
with its armature. This method of con-
nem:Ion makes it necessary for the field
to be heavy enough to carry the armature
current. Due to the series connection,
the field winding is composed of relatively
few turns of heavy wire in order to carry the
relatively high armature current. The
same current that flows through the field
winding also flows through the armature
winding. Therefore, any change in arma-
ture current is accompanied by a change
in field strength.

Select the letter for the statement which completes the following statement.

In a series motor, the field winding

a. is connected in series with the commutator.

b. consists of a few turns of fine wire.

c. is connected in series with the armature winding.

d. has a separate power source.

//////////////////////////////////////////////////////////////////////////

Frame 24

SERIES FIELD

SERIES MOTOR

c

17.
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Frame 25

When voltage is first applied to a series motor, a high starting current
flows and a large starting torque is developed. The large stetting current
is due to the absence of CM4F, and the low resistance of the armature. As
soon as the developed torque becomes great enough, the armature starts
into motion. It accelerates toward its normal running speed.

Are the following statements TRUE or FALSE?

1. Because of the low resistance in the windings, the series motor
draws a large current when starting.

2. In passing through both the field and armature winding., the
starting current produces a high starting torque.

//////////////////////////////////////////////////////////////////////////
1. TRUE 2. TRUE

Frame 26

After getting started, armature current begins to decrease m an in
creasing CM? is induced into the armature. This decrease in armature
current also decreases motor field strength. This in tarn attempts to
decrease CEMP. Due to this action the series motor mations' to accelerate
in an attempt to maintain CENT sad limit armature current to a eats value.
If the motor is not reenacted to a load, it attempts to operate at a very
high speed which may result in motot dmege. For this reason, sari.*
motors are never operated without a load.

From the foregoing statements, selact either TRUE or FALSE for the following:

A series or will run at high speed when it has a light load amd at
a low speed wi.n a heavy load.

///////////////////////////////////i//////////////////////////////////////

True

Frame 27

A series motor will slow down when its 'load is increased, due to the
increased opposition to armature movement. The decreased CIDIF caused by
the decrease in motor speed results in an increase in armature current.
The increased armature current provides the additional torque required by
the increased load. A series motor, because its field strength depends upon
armature current, requires a large variation is speed for relatively small
change in torque. Remember that an increase in armature current is tne
result of a decrease in speed This also increases field strength which
tends to decrease speed.

Complete the follaJiag statement.

An in armature current is the result of a decrease in
armature

//////////////////////////////////////////////////////////////////////////

increase speed
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Frame 28

Direction of rotation for a series motor may be changed in one of two ways:

1. Reversing current flow in the field winding. or

2. Reversing current flow in the armature.

When either of these currents is reversed, motor torque reverses and
the directlin of rotation reverses. Direction of rotation cannot be re-
versed by reversing the power source leads. This acticin would reverse
current flow in both the armature and field windings. When both these
currents are reversed, torque remains in the same direction and motor
rotation remains unchanged.

An exception to this is the small motor with a permanent magnet for a
main field. In this case reversing the power source leads only reverses
current through the armature windings and not the main (permanent magnet)
field.

Identify two ways by which direction of rotation may be changed.

1.

2.

//////////////////////////////////////////////////////////////////////////

1. Reversing direction of current flow in the field winding.

2. Reversing direction of current flow in the armature winding.

Frame 29

To review what has been covered in the last few frames, select either
TRUE or FALSE where needed, or complete the statement.

1. In a series motor, the field winding and the armature windings are
connected in series.

2. The large starting current produces a high starting

:. The heavier the load applied to the series motor, the f,ster the
speed.

4. The field strength of a series motor depends upon armature and
field

//////////////////////////////////////////////////////////////////////////

1. T 2. torque 3. F 4. current
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Frame 30

Another type of DC motor is the shunt motor. In this type of motor, the
field winding is connected in parallel (shunt) with the armature winding,
There are two circuits through the shunt motor --one through the armature

and one through the'field. The field coils are oreun&totth relatively small
wire and have a large number of turns.
In this type of winding only a small

flow current is necessary to a 4'tain
the magnetic field. Because told

is connected directly across - ewer
supply the magnetic field residue con-
stant. Therefore, the torque of a
shunt motor most vary wiathecurrent
in the at -ature; that is, if the arma-
ture current doubles, the torque is also
doubled. Since the field strength is
constant, the motor speed will be con.
stant from no load to full load. The
shunt-wound motor is a constant-epee'
type, but because of fixed field cur-
rent, it does not have a starting, torque
as high as the series motor.

Is the following statement TRUE or FALSE?

SKUNt MOTOR

The shunt motor, like the series motor, has whigh starting; torque..

/////////////////////////////////////////////////////////////////////////i

False

Frame 31

Small shunt motors may be started simply by comnattel voltage to thaw
The field current and field flux rise quickly- to their bra veins. The
armature currant also rises rapidly sines Cpl to se ohm the armaturs-
is stationary. When the developed tam is green am* to overcoms the
friction and inertia of the armature anClosmi, the aeamture= inane, into
motion. C1241 proportional to motor spout is indmeedr in time armaturse.
The CM? causes armature current to dyes rapidly air the swam eteeleratee:
Armature current becomes constant when motor speed become constant.

Complete the following etatesenta.

1. The CEM7 cameo armature to drop rapidly as the
motor speeds up.

2. A shunt motor has two circuits -one through the and
one through the

//////////////////////////////////////////////////////////////////////////

1. current 2. armature 3. field
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Frame 32

The field strength of the shunt motor remains constant. The operating
characteristics are quite different from those of the series motor. The
shunt motor has:

1. Low starting torque.

2. Good speed regulation.

The low starting torque does not mean the shunt motor cannot be started
with a load. Instead, it indicates that given a series and shunt motor of
equal size and horsepower, the series motor produces greater starting
torque.

1. Which type of motor, the series or shunt, products the greater
starting torque?

2. Which type of motor, the series or shunt, has the better speed
regulation?

//////////////////////////////////////////////////////////////////////////

1. Series motor 2. Shunt motor

Frame 33

A shunt motor's direction of rotation is changed in the same manner
as the series motor, which is:

1. Reversing current flow in the armature. or

2. Reversing current flow in the field winding.

//////////////////////////////////////////////////////////////////////////

No Response Required



Frame 34

In addition to the series and . shunt Anotors. there...are, also compound .

motors: We. von! t a.: lengthy discussion-of." theseemetors other than-
to- point out. the different -types of compound....dotorm.

CUNULATIVt-commoupd 'motors have :both:: m aeries- and a.. shunt,_ field ...which
are.- connected ,so . that thm. series irindisqgs, aid ths-shuntr. Thisvmotorr.
combines tbe characteristics of series and:sleatt- motors: Ir.is _normally
used when a .0tarting. torque.. greaberc than that ...of..;'e..shent:meiot:and

: Writ-,
constant Arnett: are- desired. .

DIFFUNITIALmcomsoundamtoro tozeusagetivc-compound.lantora-,I
in all respects:- except thik!fielder . la:: this typm!oEmoror-: thw fiat d*
are arranged..so that ths.series fieLimsopposaAbe- mminnehant:fie/41 This .
weakens theAsaim.. field and tendsN ailincrease; this speed.vg-.! that:motor: am, the.,
load.is.?.. increased. Dow to phis opposition" thee:field:strongly- dearessesq
as armature current increases.

DIMIINTIAt..-COSPOUNO
WOUND

CUMVAl4V114-COMPOUNDr.
WOUND

//////////////////////////////////////////////////////////////////////////
tfo.ResponasyRequired..
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Frame 15

The accompanying diagrams show the
As you study these diagrams, recall the
plained in the preceding frames.

li'11.4%**17-1

23

operation of a typical DC motor.
theory of operation as was ex-

If any of these illustrations raise

the slightest question, go back
to the frames that explain the area
in which you are having difficulty.

008
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Frame 36

At this point you have learned some of the differences associated with
the DC motors.

Match the letter of the motor types on the right with the DC motor char-
acteristics 04 the left.

1. Field winding connected in parallel
with the armature.

A. Series motor.

B. Shunt motor.

2. Field winding has only a few turns
of heavy wire.

3. Poor speed regulation.

4. Torque varies with current in the
armature.

5. Has low starting torque.

6. HAS highest starting torque.

7. Good speed regulation.

8. Large current whoa starting.

9.. Magnetic fiald remains constant.

10. Must operate under a load.

//////////////////////////////////////////////////////////////////////////

1. B 2. A 3. A 4. B 5. B 6. A 7. B 8. A 9. f 10. A

24
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Environmental Pneudraulics Branch
3ABR42331 -WB -121

Chanute AFB, Illinois

DC MOTOR AND VALVE ASSEMBLY CONTROL CIRCUIT WIRING DIAGRAMS

OBJECTIVE

Using an electrical diagram, identify a minimum of 8 out of 10
circuit malfunctions when given the cause and the circuit condition.

EQUIPMENT

Color Pencils Set

INSTRUCTIONS

Pay close attention to all directions that you are given in the
text. When performing in the test, such as tracing or answering
questions, if your response is incorrect, restudy the information.
At the end of this workbook, you will be given a performance test,
which will be graded by your instructor. If you are ready to begin
and have no questions, proceed with the lesson.

Exercise 1

Tura to figure 1 and familiarize yourself with the basic partsof a DC MOTOR VALVE ASSEMBLY. This sketch shows only the parts that
courern us. Use this figure as you read the following.

Although this is a simple assembly, let's see how it works. When
Chu motor armature #1 receives voltage it starts rotating. As the
motor armature rotates it will turn the drive gears 012. As the drive
gears rotate, they, in turn, rotate the valve shaft #3. This valve
shaft has two jobs. First, it turns the valve butterfly #4 to either
the open or closed position. This wi"' stop or allow air flow through
the valve housing #5. Second, it turn/A the cam lobe #6 which you can
see is physically a part of the valve shaft. If you look on either
side of the cam lobe, you will see two rectangular boxes. These are
limit switches #7 and #8.

We will discuss the limit switches in more depth later. Stop at
this time and locate these parts on the 28 volt DC Actuator and Valve
Assembly trainer located in the lab. If you can not find or identify
these parts on the trainer, ask your instructor.

In the next exercise you dill trac.. the circuit and see how the
voltage potential for the DC MOTOR VALVE ASSEMBLY is obtained.

Supersedes ST 3ABR42331-WB-121, 4 September 1980 and 3ABR42331-WB-121,
16 September 1980, which may be used until existing stocks are exhausted.OPR: 3370 TCRTG
DISTRIBUTION: X

3370 TCRTG/TTGU-P - 500; TTVSA - 1
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#I MOTOR ARMATURE

#2 DRIVE GEARS

LIMIT SWITCH #7 LIMIT SWITCH #8

CAM LOBE #6

VALVE SHAFT #3

#4 VALVE BUTTERFLY

Figure 1.

Exercise 2

1. Remove the back page of this workbook and use a red pencil
to trace the following voltage potentials on figure 2.

a. Start the trace from the 28 volt DC bus bar through the
circuit breaker (CB No. 1) along wire H1A18 to Al of the armature switch
for relay 1. With the circuit breaker pushed in, there will be a voltage
potential of 28 volts DC present at the armature switch (Al).

(1) Voltage stops at Al because relay 1 has not been
energized. The spring attached to the armature is holding it away from
the contact A2 and this prevents this voltage from going any further at
this time.

101°r i'w



(race from the bus bar through the circuit breaker (CB No. 2)
along wire IlriA18 to the pole of the control switch. With the circuit breaker
closed, there will he a 28 volt DC potential up to the pole of the control
switeh.

(I) Voltage will stop at the pole unless the switch is moved
to either the closed or open position.

c. Now trace from the bus bar through circuit breaker (CB No. 3)
along wire H2:\18 to Al of the armature for relay 2. With the circuit breaker
closed there will be a 28 volt DC potential up to Al of the armature.

(1) Voltage stops at this point because relay 2 has not been
energized. The spring attached to the armature contact is holding it away
from the contact A2 and this prevents the voltage from going any further at
this time.

d. Next trace through the circuit breaker (CB No. 4) across wire
H7A18 to the pole of the transfer switch. With the circuit breaker closed
;,ntl the transfer switch in the off position, there will be a voltage potential
u7 to the pole of the switch.

e. You now have a 28 volt DC voltage potential through the four
circuit breakers, to the armature of relays 1 and 2, and also to the poles
of the control and transfer switches. Move now to exercise 3 and use this
voltage potential that is at the control switch and at Al of relay 1 to close
the butterfly of motor valve #1.

Exercise 3

I. Using a blue pencil, trace motor valve #1 closed circuit. How
this is done is explained in the following paragraphs:

a. Start the trace from the control switch. With the blue
pencil, draw the control switch to the closed position. This will allow
the voltage potential that is at the pole of the control switch to
energize the relay. Trace from the closed position of the control switch
along wire H5818 to X2 of relay 1. Trace through the coil of relay 1 to
point Xl, and from X1 along wire H5D18N to the common ground point.

(1) You have now allowed the 28 volt DC voltage potential
from exercise 2 to be applied to relay 1 and, with a good ground for the
relay, the relay will become energized. From your previous study of
relays, you know that when a relay is energized, it becomes a temporary
magnet and this will pull the armature for relay 1 down and lec it make
contact with A2. This will complete the path for voltage from the circuit
breaker (CB No. 1) to the close side of the motor.

b. Using the blue pencil again, draw the armature of relay 1
to the closed position (from Al to A2).

(1) This will allow the path for the voltage at Al to
pass to A2 and on to check point B of the connector plug of motor #1.

4
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5.

c. Again use the blue pencil; trace from A2 of the armature along
wire H1B18 to check point B of the connector plug. From P of t'e connector
plug trace through the limit switch in the motor and down through the
close field winding of the motor to chec point E of the connector pl -1
and along wire H6A1BN to the common gtound point.

(1) voltage applied to the close winding of the motor
valve and a good ground wire, the motor armature will rotate causing the
valve shaft to t, ,n and this will close the valve butterfly.

(2) In the nr;i. exercise we will explain the operation
of .he cam lobe awl the limit switches.

Exercise 4

1. You will now learn axactly what a limit switch is, how it works,
and why it is used.

a. A limit switch is a device which is used to limit or stop
something from operating. When the valve butterfly goes to the full open
or closed position, you do not want the motor to continue t- operate.
Slimply stated, we could say that a butterfly in the valve assembly is like
. door. Once it is opened, it is opened; once it is closed, it is closed;
so why waste more energy trying to either open or close something when it
has al.-2ady traveled to its full position.

b. So we will use the limit switch in the motor valve assembly
circuit to stop the moor you traced in the last exercise. Stopping the motor
from running will, in turn, stop the valve but:erfly from going past the fully
closed position. The limit switch accomplishes this by removing power from
the closed field winding of the motor. This is done by the use of the cam lobe.

28 VOC

f--CONNECTOR PLUG CHECK POINT

C

H6A18N-(!j--

LIMIT SWI :CHES - Se-RING LOADED TO
POSITION SHOWN (OUT POSITION)

LIMIT
SWITO4

CLOSE FIELD WINDI

0
0 LIMIT

SWITCH

OPEN FIELD
WINDING

Figure 3.

2. Refer to figure 3 And locate wire 111318. If we were to send
28 volts of power to check point B of the connector plug of the motor, it
would go through the limit swttch, continue across the close field winding
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of the motor, and out of the connector plug at check point E to the ground.
4s the voltage energize* he close .`field winding of the motor, the motor will
;tart rotating. This, in turn, will rotate the valve shaft and the valve
butterfly, which is connected to one end of the shaft, will start to close.
Connected to the other end of the shaft is the cam lobe that wilt also
;art tc rotate. As the cam lobe leaves the neutral position (indicated

by the arrow above the cam in figure 3) you will note that the cam is
turning toward the limit switch that is on the close side of the motor.
The cam lobe, that is indicated by the dotted line, is the position in which
the cam was previously positioned.

28 VDC H189

H6AION

+-- CONNECTOR PLUG CHECK POINT

C

E

CAM LOBE
ROTATION

LIMIT d O2
,SWITCH

CLOSE FIELD WINDING 4

LIMIT
SWITCH

OPEN FIELD
WINDINC

FigurP 3a.

a. Refer to figure 3a and notice what happens to the cam lobe
and the limit switch after the butterfly for motor #1 has traveled to the
full closed position.

b. Notice that the cam lobe has rotated around and has depressed
(pushed in) the limit switch button for the closed side of the motor. If

you *tudy 'Igure 3a very closely, you will notice that the cam lobe has
depressed the limit switch spring and has moved the pole of the switch.
Through this action, the voltage has been removed from the closed field
winding of the motor. As we stated previously, one of the purposes o! the
limit switch is to stop tie valve from closing or opening too far. We do
this simply by removing the power from the motor with the use of the limit
switch and the cam lobe.

c. Look again at figt.re 3a and you l '1 notice that since the
limit switch button has been depressed, the 28 volts of power that was used
to close the valve butcerfly has now been rerouted to check point D of the
connector plug. Later in this PT we will use this voltage to operate
another motor. But remember, if motor #1 does not operate, the limit
switch will not reroute the voltage.
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d. Now you know why the limit switch is used. Its main purpose
is to prevent our DC motor and valve assembly from running too far. Its
secondary purpose is to reroute voltage to another motor circuit. Continue
to the next exercise and see how this is done.

Exercise 5

Note: Look at figure 2 and refresh your memory on the voltage that
started at circuit breaker 111 and went through the limit switch to the
field winding of the motor and then to ground. This will now allow
the valve to run to the fully closed position and the cam lobe to
depress 'he limit switch.

1. Use a blue pencil once again to trace motor valve #2's open
circuit on figure 2 as you read the following.

a. Draw the pole for the limit switch on the clode side of the
motor to the depressed position. Now trace from the limit switch contact
to point D of the connector plug of motor #1.

b. Next trace from point D of 00 motor valve along wire H3A18
to Al of relay #3.

c. At this point we must energize relay 3 before we can go any
further. Proceed to exercise 6 and it will show how this is done.

Exercise 6

I. Using an orange pencil, trace the voltage needed to energize the
transfer relay (relay #3) circuit on figure 2.

a. Start from the voltage potential which is on the pole of the
transfer switch. Trace through the switch and across wire H7B18 to point
X] of relay #3. Continue through the coil of the relay to X2, then along
wire 7C18N to the common ground point.

(1) Relay #3 is now energized. By the term "energized" we
mean that the relay coil has become a temporary magnet. With the relay
energized, the relay armatures between Bl to B2 and Al to A2 will be pulled
down toward the magnetized relay ccil. The magnet is strong enough to over-
come the spring tension that normally holds the armature away from contacts
B2 and A2 of relay 113. Re.ay 113 is called the transfer relay.

Note: Remember that the dotted line going through the relay armature
connects both armatures and, if the relay is de-energized or the
transfer switch is turned off, both armature switches will be pulled
back away from contacts B2 and A2 by the spring attached to the top
armature. Proceed to exercise 7.
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Exercise 7

1. In this exercise, we use the blue pencil once again to trace the
DC motor valve #2's open circuit. This, in turr, will open the butterfly for
this valve.

a. Trace across the contacts of relay #3 from both Ill and B2 and
also from Al and A2. This is because the transfer relay has been energized
in the last exercise.

b. The voltage at Al of relay #3 now pi.ss across the switch
and go to the valve assembly. Trace from A2 along wire H3B18 to check point
A of motor valve #2's connector plug.

c. Now trace from point A of the connector plug through the limit
;witch contacts and on through the open field winding of the motor. Trace from
the field winding to check point E of the connector plug and from here along
wire H6818N to the common ground.

(1) Stop for a minute and examine what you have done thus far
in the text.

(a) You have applied voltage to the circuit from the
bus bar through the four circuit breakers. You have put this voltage to work
by energizing relay H which, in turn, closed motor valve #1. If you examine
your circuit, you -.;1 11 note that by closing motor valve #1 you have opened
motor valve #2 through the use of the limit switch and the cam lobe of
motor valve #1.

Note: In figure 4 you will find ,:onfirmation for exercises 2, 3, 5, 6
and 7. The heavy bold line identified with its color and exercise
number should be the same as you have traced on figure 2. You may refer
back to these exercises as eeded. If your diagram was correct, con-
tinue to the next exercise. If not see your instructor at this time.

Exercise 8

I. This exercise will trace the open circuit for motor valve #1.
Again use figure 2 and use a green pencil to trace this "open" circuit.

a. Trace from the control switch "off" position to the open
contact of relay 2.

b. Trace from tLe open contact along wire H5C18 to X2 of relay 2,
through the coil to Xl. Trace from X1 along wire H5E18N to the common
ground point.

c. Now that you hav= energized relay 2 the armature for this relay
will make contact with A2. Use the green pencil and draw the armature of
relay 2 to the "up" position (Al to A2).

(1) As soon as the electrical path is made across Al to A2
the voltage potential that comes from circuit breaker #3 can now travel from
Al to A2 and on to the motor valve. You will see how this is done as you
start your next tracings.

8
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d. Trace from point A2 along wire H2818 to point A of the connector
plug of motor #1, then through the limit switch and on through the open field
winding of the motor armature. From here it goes on to check point E and
along wire H6A18N to the common ground pOint.

(1) With voltage applied to the open field winding and a good
ground, the motor armature 4111 begin to rotate and open the valve butterfly.

28 VDC
-

H2818

H6A18N

LIMIT
SVIITCH

2evoc

E

Figure 5.

(2) Look at figure 5 and note that as the motor armature
starts to rotate toward open, the valve shaft and cam lobe start turning in
the direction of the arrow above the cam lobe. The cam shown by the dotted
lines indicates where the cam lobe was.

(3) Note that as the cam lobe is turned, the limit switch
button for the closed side of motor 1 is released. Remember these switches
are spring loaded. This action sets the close side of the motor valve up
for aeration again if the control switch was placed in the closed position.

(4) As the cam lobe reaches full travel (shown by the solid
cam lobe), the limit switch button for the open circuit has been depressed
and as a result voltage is removed from the (pen field winding. This voltagt
is now rerouted to check point C of the connector plug. In the following
exercise, we will use this voltage to operate motor valve #2.

Exercise 9

1. You have already applied voltage to motor #1 on the open side in
exercise 8. The valve butterfly has fully opened and the cam lobe has
depressed the button of the limit switch.

2.

2. Using a green pencil, trace motor #2"s "close" circuit on figure

10
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a. Draw the armature of the limit switch for the open side of
the motor valve to the depressed position. From the limit switch, trace to
point C of the connector plug of motor valve #1.

b. Trace from check point C of motor #1 along wire H4A18 to
point B1 of relay 3. In exercise 6 you have already energized relay .

the, armatures of the relay are down.

t Trace across the relay from B1 to B2.

d. Trace from B2 along wire H41118 to check point B of the connector
plug,for motor #2.

e. Now trace from point B of the connector plug through the limit
switch on through the closed field winding of themotor and out to check
point E of the connector plug.

f. Trace from point E of the motor along wire H6B18N to the common
ground point.

(1', Stop once again and examine what you have done.

(a) If you examine your circuit in figure 2, you can
see that by placing the control switch to the open contact, you energize
relay 2. This sends voltage from circuit breaker 03 to motor valve 1 and
opens the valve butterfly. This also causes the cam lobe to depress the
button on the limit switch and allows the voltage that was used to open
motor valve 1 to be used to travel out point C'an& on to close motor valve
2.

Note: Use figure 6 for confirmition of exercises 8 and 9. The heavy
bold line identified with its color and exercise number should be what
you have traced on figure 2. You may refer back to these exercises as
needed. If your diagram wes correct, continue; if not, see your
instructor at this time.

Before you start the practice problems for this workbook, there are
a few items that you should know about the combined (Teration of these two
DC motor valve assemblies. Again, refer to figure 2 as you rest what these
it are:

1. Motor valve #1 controls motor valve #2 with the use of the cam
lobe and limit switches. The circuit drawn in blue shows how this is done
on figure 2. By placing the control switch to the closed position, motor
valve 1 closes. As the butterfly on this valve reaches its full closed
position, the cam lobe pushes in on the limit switch pole and the voltage
that was used to close this valve is sent out voiot D to be used to operate
motor valve #2.

2. If for any reason motor valve #1 does not operate, there is no way
that motor valve #2 will receive voltage. So you can see that this valve will
not operate.

3. You may have also noticed that these two motors operate opposite of
each other. By following the green trace on figure 2, you will see that
by placing the control switch to open, you send voltage to the open field
of motor valve #1. Onee the' motor opens, the cam lobe depresses the pole of

111021
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the limit switch and the voltage that was used to open motor valve #1 is now
sent out check point C to the armature for relay #3. With this relay ener-
g17cd it continues across the armature to the closed field winding of the
motor to close the butterfly of motor valve #2.

4. Following the blue lines on figure 2, you can see that by placing
the control switch to close, motor valvc #1 runs to the closed position and
motor valve P2 runs to the open position.

5. You may also note that if motor valve 2 fails to open or close,
it will in no way affect the operation of motor valve #1.

Note: If there is any doubt in your mind pertaining to the motor valv&
operation at this point, go back over all the preceding exercises. If
not, you will now start your practice problem.

Using figures 7 and 8ou will identify the circuit malfunctions
in the DC motor valve control circuit which are all caused by open circuits.
You will place an "X" in the block which gives you the correct circuit
malfunction. The first one (1) has been done for you. The next two you
must do for practice and have them checked by your instructor before you
progress to the problems in the performance test.

Practice Problem #1

1. Figure 7 gives you the location of the open circuit by number
and an X for where the open occirs on the wire.

2. You will use figure 8 to record your answer. This has been done
for you :II the first problem.

3. To find how they got this answer look at figure 7 and find problem
1. You can see that it points to an open in the ground wire for motor
valve #1 (H6A18N). Remember that all_the problems given in this exercise
are open citrAlits. An open circuit does not provide a complete path for
voltage to pass.

4. Now look at figure 8. The numbers you find in the left column
are the same numbers that are found on figure 7. The next column gives
the circuit condition for each open circuit. An example of this is given
in problem 1; the condition reads, control switch closed and transfer
switch on. Using the circuit condition from figure 8 and the wiring
diagram (figure 7), you can now find the circuit malfunction.

a. In figure 7 you have already found that for problem 1, wire
H6A18N, the ground for motor 111, has an open. -th an open here, it will
now allow the electrons to flow through either the open or close field
windings of this motor. You also know that if motor valve #1 fails to
operate, motor valve #2 will also fail to operate. With this in mind, select
the correct circuit malfunction given at the top of figure 8 and place an "X"
in the correct block. This has already been done for you for practice problem
#1.

13
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b. The selection that was made is, "Motor Valve #1 and Motor Valve
112 Inoperative." This is the only complete and correct answer because the
ground is for both the open and close winding of the motors, thus causing
motor valve #1 to be completely inoperative. This in turn will make motor
valve #2 inoperate because motor 1 supplies the voltage to operate motor
#2.

Practice Problems #2 and #3

If you look at practice problem #2 on figure 8, you will find that
the circuit condition for this problem is, "Control Switch CLOSED and
transfer switch off." Now find problem #2 on figure 7. By placing the
control switch to the closed position, you'll find that the open wire
H5D18N will not allow the electrons to flow, thus affecting only the
closed winding of motor #1. You may also note that Relay 3 is de-energized.
This mePns there is no way that motor valve #2 will operate. With thisin mind, select the correct circuit malfunction given at the top of
figure 8 and place an "X" in the correct block for this practice problem.Go on now to practice problem #3 and after you have completed it, have
the instructor grade your work. If the instructor initials your paper,you are to progress to the performance test.
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t.

Student completes the following, using the diagram in figure 7.
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Environmental Pneudraulics Branch 3ABR42331-WB-121A t -11Chanute AFB, Illinois

DC MOTOR AND CONTROL CIRCUIT TROUBLESHOOTING
4111

OBJECTIVE

Using a DC motor control circuit, electrical diagrams, and
multimeter, troubleshoot five system problems. Four of the five
problems must be accomplished with 100% accuracy.

EQUIPMENT

Trainer P/N 18501387, DC

Reversible Motor System
Multimeter

CAUTION: Remove watches, rings, bracelets, etc., before
starting any work on the equipment. It is also a good safety
practice to work on the equipment with one hand. This practice
reduces the chances of receiving an electrical shock to some
vital body organ when working with electricity.

PROCEDURE

The first seven pages will be done without the trainer. They
may be done in the lab and/or classroom at the descretion of the
instructor(s). Page 8 on will be done in the lab. After you get
to the lab ask the lab instructor to assign you a trainer to complete
the workbook and performance test. You will also need a multimeter.
Follow the procedures that are given in each exercise.

Whcn you leave your trainer for a schedule' or unscheduled break,
insure that the following procedures are done before you leave.

1. Place the CONTROL SWITCH to the OFF or center position.

2. Place the TRANSFER SWITCH to the OFF position.

3. Secure your multimeter during this pe- 4

a. Insure the coltrols on the meter properly set
for storage.

b. Leave the test leads attached to the meter.

c. Wrap the test leads around the meter.

d. Place the meter on the locker shelf.

4. When you return from your break take the same meter from
the locker and go back to work.

Supersedes 3ABR42331 -WE -121A, 17 September 1980.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 400; TTVSA -
2
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1. Before starting with the troubleshooting exercise, thoroughly
refamiliarize yourself with the operation of the voltmeter.

a. In order for the multimeter to read voltage (AC or DC)
there must be power applied to the circuit to have a voltage potential
or a difference between a positive point and a negative point.

(1) To better understand what is meant by this, look
at figure 1 below and continue reading.

(2) If the voltmeter leads were placed into the circuit
as shown in figure 1, the meter would indicate a "0" (zero) voltage
reading. The reason is because the wire between the two leads allows
the same voltage (pressure) to exist at both ends of it. Because its
the same at both ends, the meter cannot measure a difference.

'P
0
NV

R

U
S

VOLTMETER
METER INDICATES

"0" VOLTS

X1

Relay
Coil

'SWITCH
+ 28V

Figure 1.

X2

Note: Always place the negative (black) lead at the most negative
(-) point and the positive (red) lead at the most posiLiva (+)
point.

(3) In figure 1 locate the 28V DC bus (+) and note that
the wire coming off the bus is merely an extension of the positive power
source going through a protective device (CB). Therefore, the wire is
as equally positive at the power bus as it is at the pole of the switch.

b. Now let's look at the negative side of the circuit.
Refer to figure 2. If you were to place the meter leads in the circuit
as shown, the meter also would give an indication of "0" volts.

3
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Figure 2.

(1) As you know there must be a voltage potential
and/or drop in the circuit for the voltmeter to read. This normally
caused by resistance (load) between the red and black leads when they
are connected in a circuit.

(2) The ground wire is hooked from ,oint X1 of the
relay coil to the ground point.

Note: Because of the reading of zero voltage in figures 1 and 2
these two wires are GOOD circuits WITHOUT opens.

c. IF you had a voltage reading on the negative side of
the circuit in fi are 2, which you should NOT have, it would stand
to reason that something must be wrong with the circuit, but what?

(1) Refer to figures 2 and 3 and note in figure 3 that
the ground wire for this circuit is broken (which will automatically
make the circuit not work). Note th_ way the meter is connecui in
figure 3. The 28V DC reading is caused by the (high resistance.) open
wire In the ground circuit.

(a) There is a definite voltage difference
in the ground circuit in figure 3.

(b) Only one side of the broken ground circuit
in figure 3 is now physically connected to just the positive side (+)
of the circuit. i'his is the part of the ground circuit connected
to X2 of the relay coil.

(c) The other side of the broken ground circuit
in figure 3 is physically connected to the negative side (-) grourd
point of the circuit.

4
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2
8

V
D
C

METER INDICATES
28 VDC

Figure 3. -4.

(d) The black meter lead is connected to the
4- 1.negative side in figures 2 and 3.

(e) The red meter lead is connected to the
positive side in figures 2 and 3.

1 The meter reads the difference bltween
the two points (+ to -). This is because of the broken ground wire.
If the wire was not broken you would have the conditions as shown
in figure 2, a good circuit.

I METER INDICATES---- 28 VDC
. .

BLACK LEAD

Figure 4.
5
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d. Now let's see how the meter MUST be connected to the
circuit to get a voltage reading. In figure 4 note that the black
meter lead has been placed at the common ground point, further
note that the RED meter lead is placed at the circuit breaker
checkpoint.

(1) The voltmeter in figure 4 will now indicate a
reading of 28V DC. Why? This is because of the distinct difference
between the ( +) and (-) points caused by the resistance (relay coil)
between the two meter test points in the circuit. This voltage
reading is obtained with power on.

2
8
V
D
C

NED LEAD

METER INDICATES
28 VDC

BLACK LEAD

(0V) XI

.114111.

Figure 5.

Relay
coil

(2) In figure 5 there is infinity resistance in the
open contact!, of the switch. The open in the switch is a NORMAL
condition if the switch is turned to the OFF position. This causes
the meter to reed 28V DC as shown in figure 5. Remembar bad in
figure 4 the meter also read 28V DC. This was with the switch clracd
and L...a reading was caused by the resistance of the load (relay .-c1.1.).

Note: Compare the polarities ( +) and (-) on X2 from figures #
and 5. They changed because of tha switch position.

e. Let's take another reading of this circuit in figure 6.
Take a rundlkg from X2 of the relay to the ground point. Note in
figure 6 how the meter leads are connected. The black at the most
negative (-) point and the RED at the most positive ( +) point in the
circuit being measured.

(1) Again the meter will indicate a reading of 28V DC.
Because here again there ip a difference in potential between the
positive ( +) and negative (-) sides of the circuit, which is the relay
coil (load).
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METER INDICATES
28 VDC

REP) LEAD

BLACK LEAD

Relay
Coil

rgure 6.

NUDE AND REMEMBER: In order for the multimeter to indicate
voltage, there must be a voltage potential a difference
between positive (+) and negative (-) which is normally causer
by a resistance (load, open, high resistance, etc.) between them.
When you start to take a voltage reading, you should "automatically
ground" your black meter lead.

7
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Exercise 1

Caution: Remove watches, rings, bracelets, etc., before
starting any work on the trainer. It is also a good safety
practice to work on the trainer with only one hand. This
practice reduces the chances of receiving an electrical shock
to some vital body organ when working with voltage.

1. Trainer Troubleshooting: Before you can effectively
troubleshoot the DC motor trainer, you must become thoroughly
familiar with the normal operation of the system. An operational
checkout MUST be performed prior to troubleshooting to determine
the condition of the system and to help you locate exactly which
portion of the system is defective. Knowing when and how the
systems operate normally is the key to successful troubleshooting.

2. Follow the procedures below and perform an operational
check of the system with relay R3 energized.

a. Insure all (4) circuit breakers are pulled out.

b. Place control switch in the OFF position.

c. Place transfer switch in the OFF position.

d. Place all trouble switches toggles to the OUT
position. These are located on the back of the trainer.

e. Insure trainer is plugged in.

f. Push in all four (4) circuit breakers. This supplies
28V DC for the system.

g. Place the TRANSFER switch to the ON position. Leave
the TRANSFER switch ON for exercise 1. When the TRANSFER switch
is turned ON relay #3 will be energized.

Note: If you have any questions at this time see your lab
instructor. As you perform each of the following steps, place
an X in he blank that correctly indicates relay or motor
position. You will observe motor valve operation and also
study the electrical diagram on the trainer answer the
questions.

h. Place the CONTROL switch to the CLOSE position and
irsure the. TRANSFER switch is in the ON position.

(1) Which relay should and did energize?

(a) Relay #1 (close relay)

(b) Relay #2 ( an relay)

4040



(2) Which motor valve opened?

(a) Motor valve #1

(b) Motor valve #2

(3) Which motor valve closed?

(a) Motor valve #1

(b) Motor valve #2

(4) Should R3 be energized?

(a) No

kb) Yes

i. Place the CONTROL switch in the OPEN position and insure
the TRANSFER switch is in the ON position.

(1) Which relay should and did energize?

(a) Relay #1 (close relay)

(b) Relay #2 (open relay)

(2) Which motor valve opened?

(a) Motor valve #1

(b) Motor valve k2

(3) Which motor valve closed?

(a) Motor valve #1

(b) Motor valve #2

(4) Should R3 be energized?

(a) No

(b) Yes

This completes the operational check procedures with R3 energized,
now compare your answers to those given. This way y-u will know that
the trainer is operating normally.



Correct response) to Exercise 1:

h. (1) a
(2) b
(3) a
(4) b

If all of your answers agree with those given abcve, you are nowr Ady o begin operational check with transfer switch OFF (R3
deenergized). If your answers do not agree, perform the operational
check agzin or ask your instructor for assistance.

Exercise 2

1. Following the procedures belo--
of the system with relay R3 dfmug'Iel.

perform en operational -hr.ck

a. Insure all circuit breakers are in and power is applied
to the

b. Place the TRANSFER switch to the OFF position.

c. Place the CONTROL switch in th... position.

d. Insure all trouble switches toggles art to the OUT
poP4tion. These are located on the back of the trainer.

Notes If you have any questions at this time gee your lab
instructor. As you perform each oe the following steps, place
an X in the .,lank that correctly indicates relay or motor
position. You will observe the motor valve operation and also
s-udy the electrical diagram on the trainer to answer the questions.

e. Place the CONTROL switch to the CLOSE position, and
insr'v the TRANSFER switch is In the OFF position.

(1) Which rel- snout... and did energir-2

(a) Relay #1 (close relay)

(b) Relay #2 (open relay)

(c) Rely #3 (transfer relay)

(2) snoule. motor valve #2 have opened?

(a) No

(t) Yes

(3) Should c :or valve relay #2 have closed?

(a) No

(b) Yes
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(4) Should motor valve #1 have opened?

(a) No

(b) Yes

(5) Did motor valve #1 close?

(a) No

(b) Yes

(6) Is relay R2 enersized?

(a) No

(b) Yes

(7) Is relay R3 energized?

(a) No

(b) Yes

f. Place the CONTROL switch to the OPEN Asition, and
insure the TRANSFER switch is in the OFF position.

(1) Which relay is energized?

(a) 2.elay #1 (close relay)

(b) Repay #2 (open relay)

(c) Relay #3 :transfer relay)

(2) Should motor #2 valve have opened?

(a) No

(b) Yes

(3) Should motor valve #2 have closed?

(a) No

(b) Yes

(4) Should motor #1 valve ham opened?

(a) No

(b) Yes

(5) Should motor valve #1 have closed?

(a) No

(b) Yes

(6) Is relay R3 energized?

(a) No

(b) Yes

11
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(7) Is relay R3 energized?

(a) No

(b) Yes

This completes the operational check procedures w-th R3 deenergized,now compare your answers to those given. This way you will know thatthe trainer is operating normally.

Correct responses to Exercise 2:

e. (1) a f. (1) b
(2) a (2) a
(3) a (3) a
(4) a (4) b
(5) b (5) a
(6) a (6) a
(7) a (7) a

Exercise 3

If you are thoroughly familiar with the normal operation of thesystem you will now start with troubleshooting. If you are in doubtabout the normal operation of the system, see your lab instructor.

1. Follow the procedures below to program a cause for a mal
function in the trainer.

a. Insure power is connected to the trainer. See your labinstructor if needed.

position.

b. Insure the CONTRCL &witch is in the OFF or center

c. Insure TRANSFER switch is in the OFF position.

d. Insure the circuit breakers (CB) are pushed in.

e. Sign out a multimeter and insure it is properly set upand leads connected to the meter. Place the meter in the meter boxon top of the trainer.

Note: As you can see on the wiring diagram, the bus bar has 28VDC and the multimeter nust be set up for these values.

f. Insure that all the trouble switches on the back of thetl Aner are in the OUT position.

g. Now place trouble switch #2 on the back of the trainto the IN position.
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Exercise 4

1. Now you are ready for the operational check of the system.
Remember you are now looking for a visual malfunction of the valve(s)
during the operational check

Note: You are going to use trouble switch #2 on the back of the
trainer for the first practice malfunction. The trouble switch
on the back of the trainer when placed to the "IN" position will
place a trouble in the electrical control circuit giving a mal-
function. Because the location of the cause for the malfunction
is unknown to you in the circuit, you will need to perform a
complete operational check and then troubleshoot the malfunctioning
circuit with a multimet.lr. Once you have moved a trouble switch
to the IN position you will leave it there until this workbook
and/or instructor instructs you otherwise.

a. Place the CONTROL switch to the OPEN position.

(1) What has happened? Motor valve #1 should oe in
OR is going tc the OPEN position. Is this normal operation? From
your studies you know it is correct.

b. Place the TRANSFER switch to the ON position.

(1) What has happened? Motor valve #2 would be in
OR is going to the CLOSE position. Is this normal operation? From
your studies you know it is correct. (Motor valve #1 OPENS and then
motor valve #2 CLOSES.)

Note: You can look through the clear plastic cover on motor
valve #1 and observe the action of the armature shaft rotating
the cam lobe toward the limit switch. On both motor valve
assemblies you can observe the valve butterfly movement through
the clear plastic covers.

c. Place the TRANSFER switch 1.-1 the OFF position and
CONTROL switch in the CLOSE position.

(1) What happened? Motor valve #1 should bu. did nct
CLOSE. The TRANSFER switch is in the OFF position which will not
allow motor valve #2 to operate.

(2) Refer to the practice problem chart on page 17.
Make the correct entry wider the malfunction OFF column. The entries
made will be one of the letters shown below in that chart which
identifies the correct malfunction. Trouble switch #2 has already
been completed. The letter G (motor valve #1 will not close) is
entered in the OFF column. This is b(muse the TRANSFER switch is
in the OFF position.

d. Insure the control switch is in the CLOSE position and
place the TRANSFER switch in the ON position.
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(1) What happened? Motor valve #1 would be but is notCLOSED and motor valve #2 did not OPEN. This is the observable malfunction because you can see what DID NOT happin through the plasticcovers on thz. motor valve assemblies. (Motor valve #1 will not CLOSEand motor valve #2 ill not OPEN.)

(2) Refer to the practice chart on page 17. Make thecorrect entry under the malfunction ON column. The entry made willbe one of tie letter(s) shoign below the chart which gives the correctmalfunction. The letter A (motor valve #1 will not CLOSE and motorvalve #2 will not OPEN) is entered in the ON column.

(3) This observable malfunction should tell you thatthe CAUSE of the malfunction is in the CLOSE control circuit for motorvalve #1. As you know, motor valve #1 must complete an operationbefore motor valve #2 will operate.

Exercise 5

1. Now you are ready to troubleshoot the control circuit andto find the CAUSE for the observable malfunction (motor valve #1 willnot CLOSE and motor #2 will not OPEN). You will use the voltagemeasuring method of troubleshooting. This procedure starts at theconnector plug of the malfunctioning unit (load) or motor winding.You will t2ke the first voltage measurement on the positive sideof the unit 'load) which failed to function. Having the correct
amount of power in the positive circuit up to the malfunctioning
unit (load) indicates that thl positive circuit is OK. This firstvoltage check taken at the plug will tell you to continue trouble
shooting the positive (close) control circuit or troubleshoot theground circuit. IF the voltage reading is below the required valueof 28V DC, you would continue troubleshooting in the positive (close)control circuit. IF the required value of 28V DC is measured youwould then check out the ground circuit for the malfunctioning load.

Follo.T the following instructions to solve for the cause of themalfunction.

a. Connect the BLACK lead from the meter to the commonground point on the trainer. This point is located on the frontof the trainer between the two motor valve units. The BLACK lead willstay there during the following voltage measurements.

(1) This is the common ground for all units (relaysand motors) in the control circuit.

b. Use the RED lead and measure the applied voltage onthe positive side of the malfunctioning unit (load).

(1) The failing unit (load) is the close winding inthe motor #1..

(2) Because BOTH 'calve motGrs failed to operate asrecorded in the practice problem chart, you must start troubleshooting
with motor valve #1. This is because motor #1 must complete itsfunction BEFORE motor valve #2 can operate.
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(3) You will begin measuring on the positive side of
the malfunctioning load. Use pin B on the connector plug of the
motor valve #1 for this. Place the RED lead on pin B and read the
meter. Pin B is connected to the motor winding on the positive side.

(4) The meter reading on point B on motor valve #1
is OV DC (should be 28V DC) and this OV DC indicates the positive
(CLOSE) control circuit has failed.. This means you will now trouble-
shoot only in the positive (CLOSE) control circuit for the CAUSE
for the malfunction.

Note: IF at point II you had a normal voltage reading of 22V DC,
this reading would indicate a good positive CLOSE control cir-
cnit and then you would check out the ground circuit (point E
motor valve #1). You will checkout the ground circuit ONLY IF
the.positivecircult is OK.

c. Because you now know the malfunction is in the positive
CLOSE control c-rcuit, you must move the RED lead to the next point
(junction) A2 of Rl. Remember because o the low voltage you are
looking for the 28V DC power in tile circuit You will have to
follow wire H1B18 to junction A2. The meter reading at A2 is also
OV DC. and this should tell you to move across the armature of the
relay to Al.

Note: Why? Because the voltage comes from the bus bar and you
will troubleshoot from the load_ to the power source, trying to
find where the 28V. DC power has stopped in the positive control
circuit before it reaches the load. This location will help
you identifyth: cause.

d. 'tee next check point (junction) is Al of Rl. This
meter reading on Al of 28V DC indicates that from this point to the
13A circuit breaker is a good circuit, and you will not need to
check the voltage at the circuit breaker.

Note: Remember voltage, power, current will not at anytime FLCW
through OR in the dotted line in the relay symbol.

e. The power on one side of the relay armature, (point Al)
but NOT on the other side (point A2) indicates the armature didn't
CLOSE.

f. To find out why the relay armature didn't close you
must now troubleshoot the positive relay control circuit. Being
that the relay coil is a load on thib circuit you will now trouble-
shoot by measuring with the RED lead at the positive side of the
relay coil (load) connection, X2 of Rl. The meter reading at point
X2 of El is 28V DC. This indicates the positive:circuit for the relay
coil is functioning normally.

Note: Only IF point X2 of R1 was reeling OV DC would this
indicate a failing positive circuit for the relay coil IF
this was the case, you would continue troubleshooting further
into the positive relay circuit, through the control switch to
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and through the circuit breeker IF .seeded. Remember, only IF
both positive and negative circuits checked out OK for the
relay coil, than the load (coil) ituelf may have failed
internally and you would rep'.ace it.

g. You should have checked out the positive side of the
circuit to the relay coil arc! found it is OK. Now, because the relay
is still inoperative you must check out the negative circuit of the
relay coil. This is done by mealuring the voltage at R1 of Rl. You
should normally read OV DC but you find an unwanted 28V DC power at
this point, thie indicates an open ground circuit for the relay
coil. Remember, without the relay functioning correctly it will
cause a malfunction on motor. valve fl.

(1) Identify the malfunction by writing in the letter(s)
which identifies the malfunction. Only One letter in each column is
required. (These have already been done for you.)

(2) Complete the cause columns by writing in the
(type of trouble) and (unit or wire number). Theme have already
been done for you.

(3) See your lab instructor if you have any questions
at this time.

h. Refere-g to the practice chart on page 17 end you will
find all the required 'fatties already made for trouble switch 02.
Study the enteias made to acquire knowledge on slow to mike the
entries for the remaining trouble witches. You also find that
you have two (2) malfunction columns. You will coielete both
colv"ns as needed.

Exercise 6

You have completed troubleshooting trouble #2. You should be able
to troubleshoot a malfunction on your o « zt this time. 1 may ask
for assistance from the lab instructor, if necessary.

1. Follow the procedures below to troubleshoot a malfunction
in the trainer that you will do for practicer.

a. Insure power is connected to the trainer. 8116 your lel;
instructor if needed.

b. Insure CONTROL switch is in the 017 or ceLter pooititen.

c. Insure TRANSFER switch is in the OFF positick,.

d. Insure circuit ',seekers are pushed in

e. Insure multimeter is properly sat u? and leads are cone
netted to the meter.

f. Insure that all the TROUBLE Twitches on the beck of the
trainer are in the OUT position.

1.6
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g. See the instructor to ':age a TROUBLE switch # entered
in for the practice problem and performance test charts on page 17
and the performance test.

h. Now place the TROUBLE switch # entered on the practice
problem chart to the IN position on the back of the trainer.

2. Perform an operational check.

3. Complete both malfunction columns transfer switch "ON" and
"OFF" as required. (If there is an X in one of the blocks, no entry
is required.)

4. Troubleshooting tne circuit(s) for the cause.

5. Complete both CAUSE columns.

6. Check the wire number against your entry in the 1..a1function
columns ftr a recheck of your wcrk. Note: Remember how you did
your wiring diagr workbook in the classroom, 'Ise that knowledge
to cross check this work.

7. Have your instructor check and initial your work before
progression. If your work is incorrect follow the instruction given
by the instructor.

Practice Problems

Trouble Malfunction Cause
SUitch Transfer Switch Type of trouble

open, short, etc.
Unit or wire
Number

Number ON OFF

2 A G open. H5D10N

1101.111110

A. Motor 1 will not close and motor 2 will. not open.

B. Motor 1 will not open and motor 2 will not close.

C. Motor 1 and 2 inoperative.

D. Motor 2 will not open.

E. Motor 1 inonerative.

F. Motor 2 inoperative.

G. Motor 1 will not close.

H. Motor 1 will not open.

I. Hour: 2 will not close.
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Note: The circuit malfunction must describe exactly what is
malfunctioning, nothing more or less. Always note the position
of the control switch, transfer switch, and motor limit switch.

Instructor's Initials Practice Problem Grade

If your lab instructor signs off your practice work, you will be
assigned your progress check material.

Exerc le 7

PROGRESS CHECK INSTRUCTIONS

This progress check will require you to correctly solve a minimum
of 4 out of the 5 problems given. This should be accomplished in much
the same manner as the practice problems. The instructor will check
and initial your work after the 5 problems are graded and passed. If
you have missed more than one (1) problem, you will follow the instruc
tions of your lab instructor.

You will not communicate (talk, etc.) with other students during
thy: progress check without your lab instructor's permission.

You will not use fellow students' work to solve the problems in
thit progress check.

You must satisfactorily complete this pt gress check before further
progression to other lab troubleshooting projects.

Note: If any part of the answers (cause or malfunction) to the
trouble switch # is wrong, the instructor will mark the whole
trouble switch entry incorrect. This means YOU will have to find
what part or parts of the cause or malfunction is incora,t for
that trouble switch.

Students will please complete the following (print):

STUDENT'S NAME
(Last) (First)

DATE PROGRESS CHECK STARTED
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PROGRESS CHECK
Trouble
Switch
Number

Malfunction Cause Instructor
Assist Initial

Transfer
ON

Switch
OFF

Type of trouble

Open,ahort,etc.
Unit or wire

Number lst 2nd

-------

A. Mt, valve 1 will not close and motor valve 2 will not open.

B. Motor valve 1 will not open and motor valve 2 will not close.

C. Motor valve 1 and 2 inoperative.

D. Motor valve 2 will not open.

E. Motor valve). inoperative.

F. Motor valve 2 inoperative.

G. Motor valve 1 wi'l not close.

H. Motor valve 1 will not open.

I. Motor valve 2 will not close.

Before you have your instructor check your work, recheck it yourselflike you did in the practice problems.

Instructor's Initials Complete Progress neck Grade

Whether you have failed or passed this progress check, you will follow the instructions given to you by the lab and/or classroom instructor.

1051
19



If you have satisfactorily compivted the progress check, store
your multimeter and trainer in the following way:

1. Pull out all the circuit breakers (4) each.

2. Place the control switch in the OFF position.

3. Place the transfer switch in the OFF position.

4. Place all trouble switches toggles to the OUT position.
These are located on the back of the trainer.

5. Insure all your training literature, pencils, etc, are taken
with you when you leave the lab.

6. Insure your trainer and the area around it are clean before you
leave the lab.

7. Properly store and sign in your multimeter before you leave
the lab.

8. Check with the leb instructor before you leave the lab.

Note: Did you leave your multimetel set on OHM's? If you have
to go back and change it.
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OBJECTIVES

Using Kirchhoff's Current, Voltage and Ohm's Laws, solve for

unknowns in temperature controlling bridge circuits. A minimum of

8 out of 10 unknowns must be correct.

INSTRUCTIONS

This programmed text presents information in small steps called

"frames." After each step you are asked to respond to the information

in some way. Do not mark in this text. Read the material and make

your response on the response sheet as directed by the frame. After

you have made your response, compare your answers with the correct

answers on the following page or next even numbered page. If you

find you are incorrect, reread the frame to get the correct information.

If you are right, and you understand the information presented in that
frame, proceed to the next.

Remember, you are not graded on how fast you go. Do not rush,

but do not loaf. You will be required to take a test at the end of

this text to determine what you have learned. Since your learning
in every frame usually depends on what you have learned in the pre-

ceding frame, DO NOT SKIP ANY FRAME.

Supersedes 3ABR42331-PT-122, 8 May 1980.

OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 1000; DAV - 1
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Frame 1

You are going to learn a circuit that is used extensively in
aircraft environmental systems. It is called the automatic
temperature control circuit. That's right -- AUTOMATIC. It can
actually decide the correct thing to do. Of course, we "program"
its activity so it will make the right decisions.

If the pilot or a crew member wants to change the temperature
in the cabin, he will simply turn a control knob. The system will
automatically adjust to the temperature he selects. This system
operates much like the heating and air conditioning system in your
home. You simply set a thermostat to the temperature. Your furnace
or air conditioner automatically maintains the temperature you
select.

Do you recall the symbol for a battery? We thought it best
If we presented the battery symbols again to refresh your memory.

A battery symbol is shown at the bottom of the page. Notice
the symbol has long lines and short lines. The long lines indicate
the POSITIVE terminals. The short lines indicate the NEGATIVE
terminals of the battery.

Of course, the ( +) sign indicates POSITIVE whil the ( -) sign

indicates NEGATIVE

111

POSITIVE

NEGATIVE

NO RESPONSE REQUIRED

3
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CORRECT RESPONSES TO FRAME 1: No response required.

Frame 2

The circuit that you will be working with is called a DC bridge
circuit. This "bridge" is used to automatically control the tempera-
ture in the aircraft. You must know the basic structure of the circuit
to learn how it automatically controls the temperature. Notice, the
circuit has five separate resistors and a source of EMF (voltage).
Notice that between points A and B the circuit shows resistor R-3.
This resistor bridges across the parallel circuit making it a bridge
circuit.

The circuit operates on the principle of a voltage potential
between different points of the circuit, A and B. N..tice, at point
C the circuit parallels into two branches. The left branch is made
up of resistors R-1 and R-2. The right branch is made up of resistors
R. and R-5. The parallel circuits become a bridge only when connected
together by resistor R3.

Complete the statements. Write your response on the response sheet.

1. The bridge circuit operates on the principle of a
of voltage between different points in the circuit.

2. The sistor that bridges the two parallel branches is

resistor

4

1 056



Frame 3

For a current to flow, a difference of voltage potential must
exist between two points. If point A has a higher potential than B,
current will flow across resistor R3. Also, if B is higher than A,
current will flow across resistor R3.

It is necessary to know operation of a bridge to ,lnderstand
aircraft temperature control. You must know the structure of the
circuit and the function of its components. Also, how each part of
the circuit affects operation of the bridge. The following frames
will go through commtation of bridge voltages.

Answer the statement true (T) or false (F) on the response sheet.

Current can flow either from points A to B or from points B to A.

5
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CORRECT RESPONSES TJ FRAME 2: 1. potential or balance 2. R-3

CORRECT RESPONSES TO FRAME 3: True

Fra,e 4

Refer to page 49. Locate the diamond shaped diagram; it

looks similar to the circuit shown in frame 3. Locate the points
of the diamond, A, B, C, aced D. T' a difference in voltage potential
exists between points A and B, tl ill be a current flow across
the coil between these two points. will energize the temperature

control valve. It will then operai.e in one direction or the other.

For example, assume that the voltages are unequal and current
flows from point A to point B. As current flows across the coil
(located between A and B) the coil becomes magnetized. The right

hard end becomes the north pole. This pushes the contact down on
the right side. The close side of the temperature control valve is
energized. As a result, this valve closes farther and allows more
cold air to enter the cockpit.

Assume that current flows across the bridge from point B to
point A. In this case, the coil becomes magnetized in the opposite
direction. The left side of the contact is pushed down. The open

side of the temperature control valve is energized. This allows
more hot air to enter the cockpit.

Complete the statements. Write your responses on the response sheet.

1. If voltages between points A and B are equal there will be

across the bridge coil.

2. The temperature control valve is controlled by the
circuit.

3. If the voltages are unequal between points A and B, there

will be across the bridge.

6
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Frame 5

The rest of the text describes the circuit function. To understand
how the bridge operates you must compute voltages in series and parallel
circuits. You must know how each point of the circuit relates to all
other points. How to combine and compute series-parallel circuit
voltages. Be able to determine how an unbalanced or balanced condition
Occurs.

Foldout #1 shows a bridge circuit controlling a temperature
control valve. The valve gives either hot or cold air. The purpose
of the bridge is to automatically control this valve. The valve,
in turn, controls the aircraft temperature.

NO RESPONSE REQUIRED

11
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CORRECT RESPONSE TO FRAME 4: 1. no current 2. bridge

3. current flow.

CORRECT RESPONSE TO FRAME 5: 14o response required.

Frame 6

Previously, you studied series and parallel circuits. You
observed the effects of current, voltage and amperage in these

circuits. Before you can use these values you must determine
which is a series or parallel circuit.

In the illustration Above notice that resistors Ra and Rb are

in series with mach other. Resistors Re and Rd are also in series

with a7a other. Note that Ra and Rb make up Branch #1. Rc aud

Rd make up Branch #2. Notice that Branch #1 and Branch #2 are in

parallel with each other.

rcudy the illustration below and answer the questions which follow.

B

Write the cotrect answers on the response sheet.

1. Points F are common (resistors) (grounds).

2. Resistors B and C are in (series) (parallel) with each other.

3. Resistors B and C are in (series) (parallel) with D and E.

4. Resistors D and E are in (series) (parallel) with each other.
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Frame 7

Resistors are placed in a circuit in many different ways. When
they have certain things in common, they form a series-parallel
circuit. Illustrations A, B, and C are a few circuit rangements.

C

A

D

C

We have assigned numbers and letters to different points in
the circuits. This will assist you in locating the points being
discussed. The reference points must be known before the circuit
can be analyzed and computed. Use illustrations A, B, and C to
answer the statements on your response sheet.

1. Point C is located between resistors (1-3) (2-4) and is
connected to the (+) (-) battery terminal.

2. Point D is located between resistors (1-3) (2-4) and is
connected to the (+) (-) battery terminal.

3. The most positive point in these circuits is point (A) (B) (C)
(D).

4. The most negative point in these circuits is point (A) (B) (C)

(D).

9
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CORRECT RESPONSES TO FRAME 6: 1. grounds 2. series 3. parallel

4. series.

CORRECT RESPONSES TO FRAME 7: 1. (1-3) ( +) 2. (2-4) (-) 3. (C)

4. (D)

Frame 8

At this point let's have a quick review. Remember the rules

for finding the totals of E, I, and R in a series circuit?

E
t
= sum of voltages, I

t
= same, and R

t
= sum of all resistors in

the circuits.

Apply Ohm's laws to solve the following series circuit problems.

If you feel you need a review, refer to the text on series circuits,

Kirchhoff's Current Law, Kirchhoff's Voltage Law and Ohm's Lau as

necessary. Use your response sheet to record your answers.

Er (5V
Ir3A

A

11=34

I" -ray

B

E2 =6V RT

12s_
R2= 20

Els_

ET=

D E_
Ils
R=30 ET=.---_1_

IT "IT=

RT: M
RT s 200

Eis
12s8A

R2s _ _-

10

C

E1=
Eizit llis--

R2=10n Ris4n
ET=36V

RT T

R sstil

Els8V

E2_
1=

R2=160
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RT

F

E2s

12=2A

R2440

IE1=12V

R1=40



CORRECT RESPONSES TO FRAME 8:

ET =15V

IT=3A
RT .7§A

E.r.:56V

IT=8A

RT=711

I
A

T

Ei=4A
ir 3A
R =311

E2=6V

12=3A
Res2t1

13 C

ET =28V I_
IT=2A l:-
RT=1411

D E

-1E1=24V

11=8A
1---

121=30 ET= 40V 1
IT= 2A ---7

Ee=32V
R =2011

Re= 40
18A2=

IlsZA
R1=100

E2 = 8V

12=gll

Re= 40

E188V

I1=2A
Rim 41;

E2'32V
Io= 2A
R2=160

IET = 36V

IT =2A ..-..

RT=1811

ilLa&
R1=411

E2=28V
12=2A

Re=14n

ET=M_,
IT= 3A "7-.
RT= 1011

Ei=12 V

11=3A

RI = 4n

1E2= 18V

12:1-4.
R2=611

Frame 9

When computing series-parallel circuit problems, the main appli-
cation of Ohm's law you will be dealing with is voltage. Let's review

the effect of voltage in a parallel circuit. In a parallel circuit
voltage pushes with equal pressure across all branches. Or voltage

has the same value in each branch of a parallel circuit. Solve the

parallel circuit problems. Notice what happens to voltage.

ET=12V

ET= 4V

Li =3V

NO RESPONSEI
T

----1E =12V

12V

L
E= 4V Es 4V

rE =4V

1
Er3v

E= 3V

.

Exl2V

Ex_

NO RESPONSE

1 1= 100V E=100V E= 100V

11
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CORRECT REST)NSES TO FRAME 9: 1. E = 4v 2. Et = 7v 3. E = 3v

4. E
t

= 2v.

Frame 10

In a parallel circuit, remember that Et = same, It = sum, and

Rt = less than the least. In the figure below you will notice there

is a 12 volt potential. This potential is at the positive (+) post

of the battery. Also, 12 volts are impressed at point C of the

circuit. Note, from the battery to point C there is only one path

for voltage. Starting at point C you have two paths for voltage.
The first path is from point C to point B to point D. One of the

easiest ways to trace a voltage path is from the positive terminal
of a power source to the negative point in a given circuit.

Write the correct answer for the statements below on the response sheet.

1. The easiest way to trace a voltage path in a circuit is
from (negative to positive) (positive to negative).

2. Voltage drop (is the same) (differs) across all branches
of a parallel circuit.

3. In the circuit above, there are 12 volts impressed at
point (A) (B) (C) (D).

12 1



Frame 11

The circuit below is a series-parallel circuit. Study it closely.
Remember that between points C and D the circuit divides into two
series branches. When you see the two circuits, go on to Frame 12.

No Response Required

13
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CORRECT RESPONSES TO FRAME 10: 1. positive to negative 2. is he same

3. c.

CORRECT RESPONSE TO FRAME 11: No response required.

Frame 12

To aid in computing the voltages and currents in a series-parallel
circuit use a mask to cover the right side of the circuit. It would

then appear as shown in the circuit below. You are now dealing with a

series circuit. The circuit has two resistors in series with each

other. Study the reading of the battery. The voltage total for

the circuit is E a 12 volts.

C

E2=
12=

R = 41/

Write your answers on the response sheet.

Look at resistors R,
1

and R2; you have been given the value of

each resistor. If you add them together (R1 and R2), you can get

the total resistance (R
t
). Do so now and enter the resistance total

on the response sheet.

You now have two complete values (E
t

and R
t
). Using Ohm's law

find the rest of the totals. Use the formula
E

t
I =

t

When you have determinld the current total (1 ) you have the key to

the rest of the circuit. Remember the statement? "Throughout a
series circuit, current flow remains the same.' Simply etated; when
one (1) amp of current flows through the first resistor, the same
one (1) amp of current will flow through the rest of the resistors
in series. Example: I1 = 1A; 12 = 1A. Find the rest of the values

in the circuit.

14
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Frame 13

The next step is to complete the right side of the series parallel
circuit. Follow the same procedures used in the preceding frame
Cover the left branch of the circuit. Ycur circuit should appear as

shown. Remember, you are not required to compute this circuit as a
parallel circuit. The only computation that you must know of a
parallel circuit is that vol-...ge potential is equally applied across
each branch of the circuit. From there, the two branchea are separated
and treated as two separate series circuits.

ET=I2V

RT=

Write your answer on the response sheet.

Using the information learned so far, compute the right hand
side of the circuit. The totals formula (E

t
= ,I= R = , will

t t

not be entered on the rest of the circuits. It will be necessary for
you to set up your own formulas. When you first look at a circuit
from now on, you should automatically set up the formulas.

15
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CORRECT RESPONSES TO FRAME 12: E
t
= 12v, I

t
= 1

a'
R
t
= 12; E

1
= 8v,

= la, E2 = 4v, 12 = la.

CORRECT RESPONSES 7J FRAME 13: Et = 12v, It = 1.5a, Rt = 8, J3 = 6v,

13 = 1.5a, E4 = 6v, It = 1.5a.

Frame 14

Let's combine what you know about a series and parallc., circuit.

Refer to the figure. Solve the following problems using 0:.m's Law,

Kirchhoff's Laws and the principles of series and parallel circuits
on your respond sheet.

Note: Remember at point C, voltage is equally applied across
each circuit. Read the bottom paragraph before computing the
bridge.

+17
El

=

Ri=en R3 =411
.11110111,

I2V A41I1

.111=1,
MINN,

12=
R2--.411 R4=41-1

Remember, from point C you are dealing with two series circuits.

Take your mask and cover the right path of the circuit (R3 and R4).

R
1

and R
2
now make up a series circuit. It must be computed assuch.

After completing the left path of the circuit, cover the left t.ath

and compute the right path. You now have resistors R3 and R4 in

series. The circuit must be treated as such. You do not compute

this circuit as a parallel circuit, except for Lhe voltage factor

being equally applied across each branch.

16
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1

lb,

CORRECT RESPONSES TO FRAME 14:

E=8V E=6V
1=IA I=15A
R=8Ci R=4C1

E=4V E=6V
1=IA I=1.5A
R=411 R =411

Frame 15

To aid you further in computing series-parallel circuits, we
have listed four more that you must complete. Using the principles
learned thus far, Write your answers on your response sheet.

I1=

Ri=2C1

A

6,2
it-
R2=6

CIRCUIT I

R3= _FR1=3 R3=60.

E3= El= E3=

la= li = le
6:1

ET=I2V=
B A B

Ef
14=

R4-

E2=
12.

= in

CW/JIT 2

E4=
14=
R4=6n

CIRCUIT 3

17
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ET =I2V

CORRECT RESPONSES TO FRAME 15:

CIRCUIT I

ET =I2V _

CIRCUIT 3

E1=9V
11=3A

R1=30

A

E2 :3V
12 :3A

R,2 =10

C

ET= 1 V

D

CIRCUIT 2

E 1 =9V

11=3A
R1=30.

E3=6V
1311A

R3=6(1

E3= 4V

13= 4A

Re ICI

B

Ease- 8V

14= 4A
R4 =20

E2=3V Ea6V
12=3A 144=1A

Ra=lft R4=60

CIRCUIT 4
C

Ei =I8V E3= 8V

11=3A 13=2A
R 1 = en R3=40

ET= 24V

18
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Frame 16

The next importaflt step is defining voltage polarities at different

points within the circuit. Remember, it was stated that point D is
negative. It is connected tc the negative terminal of the battery.
In fact, point D is the most negative point in the circuit. Simply

stated, if point D is most negative, nothing else could be more
negative. If any other pAnts are referenced to D they will always
have to be 0211.122 Read this information again; it will prove to
be a key in determining bridge operation. Referring to the illustra-
tion, identify the correct. polarity symbol in each statement.
Write your answer on the response sheet.

1. C is (+) (-)

2. D is (+) (-)

3. B is (+) (-)

4. A is (+) (-)

5. D is the most

6. C is the most

in respect to point D.

in respect to point C.

in respect to point D.

in respect to point D.

(+) (-) pcint of the circuit.

(+) (-) point of the circuit.

19
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CORRECT RESPONSES TO FRAME 16: 1. (4) 2. (-) 3. (+) 4. (4) 5. jj

6. (+).

Frame 17

Up to this point you have been dealing with Series- parallel

circuits. This type of circuit is necessary for a "bridge" circuit.
What is a bridge? It is something that allows us to get from one

point to another. An eAample is the Golden Gate Bridge. It allows

you to get from one side of the Bay to the other without going around.
Our bridge works on the same principle. We are going to bridge our

circuits between points A and B. Below are some possible arrangements

of bridge circuits. Notice, the paths that have been provided for
current to flow from A to B or from B to A.

BRIDGE I

BRIDGE 3

D

BRIDGE 4

BRIDGE 2

"HI'

BRIDGE 5

Did you notice that in bridge 1 we used a voltmeter, bridge 2,
a resistor, bridge 3, a coil, bridge 4, a light bulb, and bridge 5,

a voltmeter? Remember, to make a bridge, you can use various types

of bridging devices.

No Response Required
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Frame 18

You have learned that voltage was "used up" In a circuit by pushing
current through a resistance. Another term for the "using up" of

voltage by a circuit is "voltage drop." Voltage drops in a series

circuit are in p. rtion to the different resistances in the circuit.
The total voltage drop is equal to the sum of the voltages. Voltage

drop is determined by the resistance of the circuit.

In the circuit below, notice that resistor RI indicates 8 volts.

What this means is, of the 12 volts available at point C, 8 volts are
being used. The 8 volts will push 1 amp of current flow through this

resistor. You have 4 volts remaining.

From resistor R1 there is a wire to the top of resistor R2.

This wire offers very little resistance to current or voltage.
The remaining 4 volts will not be used on this wire. The 4 volts

will be used through resistor R2.

It should be obvious at this point that no voltage is coming out

of res.3tor R2. The voltage difference between C and D is 12 volts.

All the voltage is used by the circuit to push current througr both

resistors. A voltage reading to ground at point D is zero volts.

C

Using point D as reference in the diagram above, complete the
following statements by writing your answer on the response sheet.

1. Voltage potential at point C is volts (+)

2. Voltage potential at point D is volts (+) (-).

3. Voltage potential at point B is volts (+) (-).

21
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CORRECT RESPONSES TO FRAME 18: 1. 12v+, 2. Ov, 3. 6v+

Frame 19

A bridge circuit has two legs; ,voints CAD and points CBD. Look

at the right leg (CBD) of the bridge circuit. It takes 6 volts (V)

of the 12V potential at point C, to cause 1.5'amps to flow through

R to R4. The remaining 6V can be found at any point on the wire

b4tween R and RA. Notice how the voltmeter is connected around

point B.
3The voltmeter would indicate a + 6V potential at point B.

Remember, current flows from positive (+) point C to negative (-)

point D. The remaining 6V pushes the 1.5 amps through RA. The

potencial of 12V at point C is used to force 1.5 amps though
R and R4. The voltage potential at point D is zero. Another

t?ing to consider; the voltage value of point B is -6V in relation
to point C, and +6V in relation to point D. This is also true for

the left leg (CAD) of the bridge circuit. Point A has a -8V in relation

to Point C and + 44 in relation to point D. Point D is ground (-)

and has a voltage relation of - OV to point C. The voltage

potential at point C is + 12V.

I2V

C

E1= 8V E3=6V

4=10 13=1.50

R1=611 R3=441

E2= 4V E4 = 6V

12 =10 14=1.50
R2 = 4.C1 R4=411

Complete the statements by writing your answer on the response sheet.

1. The voltage at point C is

2. The voltage drop across R1 4.s

3. The voltage drop across R
2

is

4. The voltage drop across R3 is

5. The voltage drop across R
4

is

6. The vcltage drop across CAD is

7. The voltage drop across CBD is

8. The voltage at point D is

22
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Frame 20

Solve for the missing value in the bridge circuit below and
answer the questions which follow. Use point D as a reference point.
Determine the voltages and polarities at points A and B,
Write your answers on the response sheet.

Complete the statements.

1. I
1

and I
2

=

2. Voltage at point A is

amps.

volts and is ( +) (-).

3. Point B is volts and is (+) (-).

4. Point is the reference point of the bridge and all
points in reference to it are (+)

5. The difference between voltages at point A and B is volts.

6. Point D should indicate a voltage reading on
a voltmeter.

23
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CORRECT RESPONSES TO FRAME 19: 1. 12v, 2. 8v, 3. 4v, 4. 6v, 5. 6v,

6. 12v, 7. 12v, 8. Ov

CORRECT RESPONSES TO FRAME 20: 1. 2 amps, 2. 16v (+), 3. 12v (+),

4. D (+), 5. 4v, 6. Zero (0).

Frame 21

Did you notice the difference between points A and B? You saw

that point A was 16 volts positive and point B was 12 volts positive.
There is 4 volts difference between the two voltages (16 - 12 = 4).
The difference between the two voltages (points A and B) means that

the circuit is unbalanced. If you have a difference between two
voltages, current will flow if P path is provide We have established

a path between points A and B. ow we have to determine which way

the current will flow.

To determine which way current will flow is a simple process.
Both voltages are positive in respect to D. One is less positive

than the other in respect to D. Study th scale below then reed the

paragraph.

(POSITIVE LINE IN REFERENCE TO D)

VOLTAGE LINE: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

POINT'D POINT POINT A t MOST POSITTVE 1 111/

MOST NEGATIVE

Voltage Scale

Remember, point D is most negative. It is considered ground and

therefore it has zero voltage. The two voltages obtained from frame 20
are (B = 12 volts and A = 16 volts) on the scale. It is apparent that

12 is closer to zero than is 16. Point B is more negative than point A.
Furthermore, we know that current flows from a negative to a more
positive point; hence, current flows across the bridge from point B to

point A.

No Response Required
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Frame 22

Figure 1.

Refer to figure 1, and answer the following questions on the response sheet.

1. What is the potential at point B in reference to point D?
volts ( +) (-).

2. What is the potential at point A in reference to point D?
volts ( +) (-).

3. What is the voltage drop between points A and B? volts.

4. Current will flow across the coil frc point to point

5. Which of the two following circuits has the smallest total
resistance to current flow? DABC or DBAC?

6. Which of the two following routes will the current flow take:
DABC or DBAC?

Figure 2.

Refer to figure 2, and answer the following questions on the response sheet.

1. What is the voltage potential at point A in respect to point D?

volts ( +) (-).
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2. What is the voltage drop across R2? volts.

3. The voltage potential at point B in respect to D is

4. Which way will current flow across the bridge? From

to

volts

5. Which of the two following circuits has the smallest total

resistance to current flow: DABC or DBAC?

6. Which of the two following routes will the current flow take:

DABC or DBAC?
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CORRECT RESPONSE TO FRAME 21: No Response Required.

111/ CORRECT RESPONSES TO FRAME 22: Figure 1: 1. 16v+, 2. 6v+, 3. 10v,

4. A to B, 5. DABC, 6. DABC

Figure 2: 1. 3v+, 2. 3v, 3. 8v+,

4. A to B, 5. DABC, 6. DABC.

Frame 23

By modifying the ,C bridge, it can be used to control aircraft
temperatures automatically. Components used in the bridge ara listed
in the following frames. Fixed resistors have values which do not
change. The fixed resistor is used in the bridge circuit to provide
a constant resistance value. It can be identified in the schematic by
the symbol shown below.

1bMN-41

We may desire to adjust the resl:itaLce values in a circuit to
allow for certain variations or to permit calibration. In this case

we would use an tDJUSTABLE resistor. Its symbol is shown here.

1

Select the adjustable resistor from the electrical display box.
Obtain a display box from your irstructor. Notice how the wire is
wound around the ceramic cylinder and how the wiper contact is moved.
Adjustment is accomplished by a specialist using a screwdriver to
loosen a small screw. The contact is moved along until it is closer
to the end that offers the right amount of resistance. The screw is
then retightened.

Identify the symbol in Column A with its name in Column B on the
response sheet.

1.

2.

COLUMN A

27

COLUMN 8

fixed resistor

adjustable resistor
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CORRECT RESPONSES TO FRAME 23:

1.

2.

Frame 24 1

fixed resistor

adjustable resistor

A rheostat is a resistor that has a moveable contact (wiper arm).

Moving the contact changes its resistance. The contact is connected

to a shaft that is turned by a knob (like the volume control on a

radio).

The rheostat is in the bridge circuit to change the resistance

on one side of the bridge. This automatically unbalances the circuit.

The pilot manually .changes the resistance in the bridge circuit

by rotating the rheostat Knob. Shown below is the electrical symbol

and a picture of the back side of a rheostat. Look in the electrical

display box. Note how the resistance may be changed on the rheostat.

Draw its electrical symbol for each component on the response sheet.

1.

2.

3.

Adjustable Resistor.

Fixed Resistor.

Rheostat.
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CORRECT RESPONSES TO FRAME 24:

-4;
Frame 25

The component that "senses" the temperature of the air is called
a temperature sensor. See the illustration below. Find the sensor
in the electrical display buA. This is one of the more common types
in use.

This temperature sensor is a specially designed resistor. Its

resistance changes any time the temperature of the air around it
changes. The manner in which it changes resistance depends on its
"temperature coefficient." That is: if the TEMPERATURE of the air
across it increases and the RESISTANCE of the sensor also increases,
the sensor has a POSITIVE TEMPERATURE COEFFICIENT OF RESISTANCE. It

follows then that with a POSITIVE COEFFICIENT the resistance will
decrease if the temperature of the air decreases. The point is,

they increase together and decrease together. On the other hand, if

the TEMPERATURE increases and the sensor's RESISTANCE decreases at
the same time, it has a Negative Coeffici,nt. This also means the

sensor's resistance will increase as the temperature decreases.
Below is a standard symbol for a sensor. Locate and identify the

different types of sensors in the electrical display box.

Complete the statements by using the word increases or decreases on
the response sheet.

POSITIVE COEFFICIENT NEGATIVE COEFFICIENT

1. If temperature increases, the 3. If temperature increases, the

resistance resistance

2. If temperature decreases, the 4. If temperature decreases, the

resistance resistance

29
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CORRECT RESPONSES TO FRAME 25: 1. increases 2. decreases,

3. decreases, 4. increases.

Frame 26

ChL,ging an electrical bridge signal into useful motion, is done

by a device called a MICROPOSITIONER. See the picture below. Find

the actual component in the display box. Note the contact arrange-

ment.

The micropositioner is a relay -hat can be tilted like a teeter-

totter. It will tilt one way and close one set of contacts, or the

opposite way and close a different set of contacts. How it does this

can be seen in the simplified explanation that follows.

NNI ARMATURE

CONTACT- A CONTACT- B

The armature (see above) of the micropositioner is similar to

a magnet that has two north eh, . (The south ends being unused.)

A coil of wirc is running alongside. If current flows through the

coil, th_. coil will have a north and south pole. Remember the Law of

Polarity; like poles repel and unlike poles attract. The armature

will tilt around the pivot point and close the proper contact

depending on the polarity of the coil and of the armature. (See ar_ows

X and Z in.the figure below). Since it is actually a relay, it will

control a valve motor circuit. Check your understanding of the

micrOpositioner's principle of operation by answering the questions

on the response sheet.

TO THETHE
MOTOR CIRCUIT MOTOR CIRCUIT

31
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1. Like poles (attract) (repel\

2. Unlike poles (attract) (repel)

3. Contact X will (open) (close)

4. Contact Z will (open) (close)

If the battery is reversed;

5. Contact X will (open) (close)

6. Contact Z will (open) (close)

31 1083
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CORRECT RESPONSES TO FRAME 26: 1. repel, 2. attract 3. open,

4. close, 5. close, 6. open

Frame 27

Reversing the direction of current flow through the coil changes
the coil's magnetic north and south poles to the opposite ends.
The armature tilts to the opposite contact closing a different relay.
You will recognize the micropositioner in a diagram by the symbol

below. The micropositioner provides a path for current to flow if

the bridge is unbalanced.

-,-(131111P-a-

174
Identify each symbol by drawing them on the response sheet.

1. -11-1S/W-11-

2.

3. - )004-0

4.

5.
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Frame 28

The figure below shows all of the components we have mentioned.
Now let's go on to learn its operation as a bridge circuit.

ADJUSTABLE
RESISTOR

TEMPERATURE
SENSOR

TEMP
SELEM
RHEOSTAT

A

TEMP FIXED
SENSOR RESISTOR

You will see that the components are not always found in these
positions. All of them may not be used or perhaps, as in some bridges,
even more are added. Basically they will however, perform in much the
same manner as these. The micropositioner, for instance, may be used
in quite another way. We have used it here for one purpose and have
already explained its principle of operation in a simplified manner.

No Response Required
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CORRECT RESPONSES TO FRAM 27: 1. Fixed Resistor, 2. Rheostat,

3. Temperature Sensor (or Variable

Resistor), 4. A ustable Resistor,

5. Micropositioner.

CORRECT RESPONSE TO FRAME 28: No Response Required.

Frame 29

Carefully solve the problems in the circuit below. Determine the

polarities of points A and B. Use point D as reference.

Complete the following statements on the response sheet.

1. The most negative point in this circuit is (A) (B) (C) (D).

2. The most positive point in this circuit is (A) (B) (C)

3. Point A is volts (+) (-) with respect to point D.

4. Point B is volts (+) (-) with respect to point D.

5. Point A is positive with respect to point B (true) (false).

6. Current will flow from (A to B) (B to A) (neither direction).

7. There is no difference in potential between A and B (true) (false).

8. The bridge is balanced (true) (false).
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Frame 30

At this point it is necessary for you to understand the operation
of an air conditioning system. Refer to foldout #1. This foldout
shows just enough units to permit operation of the system. Air
conditioning and completed circuits will be covered in later lessons.

Locate the two engines on the right hand side of the foldout.
Remember the text material on Jet Engines? Recall the term engine
bleed air? It was stated that the secondary purpose of the compressor
section of a jet engine was to provide air for the air conditioning
system. Now you will put this knowledge to use.

Locate the arrows coming from both engines. Arrows will indicate
the direction of air flow. Follow the arrows from the engines. Notice
that the air from both engines combines and enters the hot engine bleed
air manifold. The manifold divides into two paths for the air to
follow. One path is through the heat exchanger. The other is to the
temperature control valve. Let's stop at this point and consider the
temperature control valve. This valve has a butterfly-type gate.
When open it allows hot engine bleed air to bypass the heat exchanger
or closes to prevent bypassing air. Also, it can stop at any point
between fully open or fully closed to allow a desired portion of hot
air to bypass.

Complete the following sentences on the response sheet.

1. Air which is tapped from the engines is (hot), (warm), (cold).

2. Air is supplied by the section of a jet engine.

3. The temperature control valve allows a portion of the engine

bleed air to be around and through the heat exchanger.
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CORRECT RESPONSES TO FRAME 29: 1. D, 2. C 3. 6( +), 4. 6( +),

5. false, 6. neither direction,

7. true, 8. true.

CORRECT RESPONSES TO FRAME 30: 1. (hot), 2. compressor, 3. bypassed.

Frame 31

Let's assume the temperature control valve is closed. No hot air

is allowed to flow through. All the engine bleed air (EBA) is forced

to go through the heat exchanger and cooling turbine. Through the

combined action of these two units, the EBA temperature is greatly

reduced. As a matter of fact, the air will become very cold. Note

that airflow coming from the cooling units will go straight into the

cabin through the conditioned air vents. At this stage, we are not

controlling air temperature, are we? We are merely making the air

very cold.

Answer the statements as true (T) or false (F) on the response sheet.

1. Air flowing through the heat exchanger will get hotter.

2. To get cold air to the cockpit, the temperature control

valve is closed.

3. To warm up the cockpit we must open the temperature

control valve.
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Frame 32

1111

Assune that the temperature control valve is fully opened. Air
flaw, like many other things, tends to follow the path of least
resistance. Rather than going through the heat exchanger and cooling
turbine, most of the air flows through the open valve. This hot air
goes down to the hot and cold mixing section. Then to the conditioned
air outlets into the cockpit. Under this condition the cockpit would
get extremely hot. The air has bypassed the cooling units through the
open temperature control valve. It would be desirable, then, to have
a mixture of hot and cold air. This mixture can be obtained by
positioning the temperature control valve in a partially open or
closed position. Here is where our bridge circuit and micropositioner
come into play. By rotating the temperature selector (rheostat) tawaro
cold, we unbalance the bridge. This tilts the micropositioner. An
electrical circuit is completed to close the temperature control
vale. The pilot then, will receive the cold air he wants, merely by
rotating the rheostat.

Refer to foldout 1; answer the following statements on the response sheet.

1. To get a mixture of hot and cold air, the temp control valve

should be

2. If the temperature control valve is open, you will receive

air in the cockpit.

3. If the temperature control valve is closeci, you will receive

air it _ne cockpit.

4. The cooling turbine (cools) (heats) the engine bleed air.
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CORRECT RESPONSES TO FRAME 31: 1. F, 2. T, 3. T.

CORRECT RESPONSES TO FRAME 32: 1. partially open or closed. 2. hot

3. cold, 4. cools.

Frame 33

In frame 29 you saw a balanced bridge. Any time the potentials
at points A and B are the same, there will be no current flow across
the bridge. The coil of the micropositioner will not become
magnetized. Therefore, the armature will not tilt either way. Both
sets of contacts will stay open.

Refer to the circuit below and foldout 1. Let's see what happens
when the temperature selector rheostat) (Rd is rotated. As each part
is mentioned, locate it on both circuits. Remember that the rheostat
is nothing more than a variable resistor. By rotating the rheostat,
let us say we have manually decreased the resistance of the rheostat
(R

1
). You no longer have as much resistance on R

1
as you did in

frame 29. As you can see from the circuit below, resistance has been
decreased from 6 to 2 ohms. Now you have to recompute the bridge
electrical values. After you complete computation, answer the
following statements. Remember to use point D as reference.

C

Write your work on the response sheet.

1. The most negative point of the circuit is (C) (D).

2. Potential at point B is (+) (-) volts.

3. Potential at point A.is (+) (-) volts.

4. Which point is most negative? (A) or (B).

5. Which way will current flow across the bridge? (A to B) (B to A).

6. Will the micropositioner tilt in a given direction? (Yes) (No).

7. This bridge circuit is (balanced) (unbalanced).

1R
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Frame 34

Refer to foldout 1. Locate resistor R1 which is the temperature
selectorGheosta0(variable resistor). Also locate resistor R

3
which

is located in the hot and cold air mixing section. This resistor is

a temperature sensing element. The senrtng element changes its
resistance whenever its temperature changes. Keep these two units in
mind as you continue through this lesson.

By changing the resistance of the rheostat R1 (refer to the

figure in frame 33), you unbalanced the bridge circuit. Current
flows across the bridge from points B to A. Using the left-hand
rule for a coi? and D as your reference point, identify the correct
responses for the statements on the response sheet.

1. The micropositioner armature (will) (will not) tilt in a given
direction.

2. The micropositioner armature (will) (will not) tilt to the

(right) (left) (neither direction).

3. The rheostat has its resistance changed (automatically) (manually)
(by temperature changes).

4. The temperature sensing elements' resistance is changed (auto-
matically) (manually) (is not changed).
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CORRECT RESPONSES TO FRAME 33: 1. D, 2. +6v, 3. 9V, 4. B,

5. B to AI 6. Yes, 7. unbalanced.

CORRECT RESPONSES TO FRAME 34: 1. will, 2. will, left,

3. manually, 4. automatically.

Frame 35

Refer to foldout 1. Locate the micropositioner armature.

Assume it has tilted to the left. Locate the wire which carries

24V DC to the micropositioner armature. When the armature is tilted
to the left, a circuit is completed. 24 volts is sent to the open
side of the valve (electrical motor), running it to the open position.
As the valve opens it allows more hot air to go to the mixing section.
This increases the temperature in the cockpit area. Here is where the
temperature sensing element plays a very important role.

Assume that the temperature sensing element has a negative co-

efficient. (If temperature goes up, s resistance of the element

goes down and vise versa). The temperature increase is felt by the

sensor as the air flows over it. As the temperature increases, the

sensor resistance starts to decrease.

Complete the following statements on your response sheet.

1. The 24V DC applied to the micropositioner armature is the power

used to open or close the

2. Current flow from B to A in the bridge would call for
air.

3. The temperature control valve is operated by an electric
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Frame 36

Refer to the diagram below and foldout 1. Notice that the resistance
of R2 (temperature sensing element) has been decreased from 6 ohms to 2
ohms; this is indicated by the slash mark through the 6. This means that
at the start it was 6 ohms (Frame 29) but doe to the rise in temperature,
the sensor's resistance has decreased. Recompute the bridge's electrical
values. Remember to use point D as your reference.

12V

Complete the following statements on the response sheet.

1. Point A is volts and is (+) (-).

2. Point B is volts and is (+) (-).

3. Current will flow (from A to B) (from B to A) (neither direction).

4. The bridge is (balanced) (unbalanced).

5. The micropositioner armature is (tilted to left) (tilted to right)
(not tilted).

This means the cabin air is increasing and this hot air flowing
over (touching) R2 in the cabin (refer to foldout 1) is driving the
resistance down in R2. This has lowered the resistance now causing
current to flow from A to B the micropositioner will now begin to brake
contact on the left side, which is to the open side of the temperature
control valve.
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CORRECT RESPONSES TO FRAME 35: 1. Temperature control valve

2. hot , 3. motor.

CORRECT RESPONSES TO FRAME 36: 1. 3v, (+) 2. 6v, (+)

3. A to B

4. unbalanced 5. tilted to right

Frame 37

Starting at frame 32, we manually unbalanced the bridge by rotating
the temperature selector rheostat. By changing its resistance, we
caused current to flow across the bridge from points A to B. This
energized a motor circuit to allow a decrease in the temperature of-
the air entering the cockpit area.

Cooler air begins to flow across the temperature sensing element.
The sensors resistance starts to increase. At that point the bridge

starts to rebalance. That is, as soon as the sensors resistance again
equaled the resistance of the rheostats new setting, current ceased to
flow across the bridge.

With no current flowing across the bridge, the micropositioner
deenergizes. Current ceases to flow through the motor circuit. When
the circuit has balanced and the motor stops running, the system is
said to be at its temeratur.. control point.

It must be made clear that at times the temperature sensing
element tends to overcorrect itself. Instead of stopping when the
voltages are equal (at points A & B) the sensors resistance will
continue to decrease or increase after the mixed air temperature
has reached the temperature control point. This is due to a slight
heat transfer lag between the air and sensor metal. This causes the
sensor to be a little late in sending its final "balanced" signal to
the bridge. The motor is late in shutting off and overruns. This
causes the bridge to unbalance in the opposite direction. The bridge
tries to "hunt" for its balanced condition. In other lessons you will
study units which are put into the circuit to compensate for this
problem. Remember the rheostat and the sensing elements are the units
that unbalance and balance the bridge circuit.

Operating changes of the engines or air cooling units frequently
change the temperature of the mixed air flowing past the temperature
sensing element and into the cabin. When this happens the resistance
of the sensor immediately changes, thereby, unbalancing the bridge.
The bridge circuit will react to this in the same way as it does when
the pilot turns the rheostat knob. Current will flow from A to B or
from B to A. This causes the micropositoner to send the proper
correction signal to the temperature control valve. This valve, in
turn, opens or closes as required to restore the mixed air temperature
to the temperature the rheostat is set for.
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Complete the following statements on tht. response sheet.

1. When the bridge is balanced, the system is at its

2. An inaccurate tempetature sensor could change the

3. When the bridge is unbalanced, current (will) (will not) flow
across the bridge.

4. Whenever the resistance of the sensor differs from the resistance
the rheostat is set on, the bridge will not rest until the two
resistances are
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CORRECT RESPONSES TO FRAME 37: 1. temperature control point

2. temperature cLitrol point

3. will 4. slice

Frame 38

Refer to page 49. It the pilot wants colder 4ir in the cockpit,

all he needs to do is to increase the rheostats resistance. This will

unbalance the ciTait. Current will flow from poins A to B, tilting
the mlcropositioner armature to the right. 24V D( will flow to the
close Ride of the temperature control valve.

By partially closing the valve, a gre.ter portion of the oi will

be routed through the heat exchanger and cooling tarbine. A gr er

proportion of cold air will be delivered to the cockpit.

The micropositioner connecting A to B on the preceding diagrams

are not always built the same way. The wiring connections :an be made

on the outside of the circuit (figure B). Notice that point A IA

marked a negative potential (less positive). Point B is positive.

Following the .rrows ( to +) you will note that current flows from

A to B on the outside of the diamond. Shown below are both types of

circuits. Figure A shows wiriilg on the inside of the diamond.
Figure B shown the wiring cornections on the outsiae of the diamond.

C

A

WIRE RUNS
UNDER THE CORE

t

A

NO RESPONSE REQUIRED

44
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Frame 39

Complete the statements on the response sheet. If any of your

responses are incorrect, review the appropriate frames to determine
the correct response.

1. Increasing or decreasing one or more of the resistances will
cause the bridge to become unbalanced. (True) (False)

2. A sensor may have a or a temperature
coefficient.

3. A resistor that increases its resistance as the temperature

around it increases has a temperature coefficient

45
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CORRECT RESPONSES TO FRAME 38: No Response Required.

CORRECT RESPONSES TO FRAME 39: 1. true 2. positive or negative

3. positive_

Frame 40

As a final review of your ability to associate symbols and
statements, draw the component symbol where the name of the
component would normally fit on the response sheet.

1. A fixed
change.

has a value that normally does not

2. Temperature is "sensed" by a

3. The pilot's temp'l-ature selector is turned

by a knob.

4. A change in the direction of current across a bridge circuit

can be sensed by a

5. Small adjustments can be made to a/an with a

screwdriver.

6. Which of these is not really a bridge circuit?

46
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CORRECT RESPONSES TO FRAME 40:

3 SNAAC---.- -I --o- -AVVV----*-
2 --6-1lsf*-

4 --0--rr"-.1--41-

7.7
5 -*-,--- 6 ( D )

END OF TEXT

1 0499



4-

24V

CABIN SENSORIT
R2

Pc.

rCONDITIONED
AIR

4 4 4 4

TEMPERATURE
SELECTOR

RI
RHEOSTAT

T,icirN
SENSI ITEMPERATURE

fELEMENT

J
AIRCRAFT CABIN\

Foldout 1. Balanced Bridge.

49

TEMP
CONT
ALVE

ROL

1

RAM AIR
INLET

I

i

i

t
t '

Q41'
COOLINGA
TURBINE

AI-- HOT AIR

- 4411...,I I

(
HEAT

ENGINE

412

EXCHANGER
Air

* ---.;_J
1 --

........ .01-

4 HOT AND COLD
L AIR MIXING

SECTION

INTAKE

.0-

HOT ENGINE
BLEED AIR

%) MANFOLD

AM AIR
OUTLET

AiCOLD AIR

(EBA)
ENGFE
BLEED AR

t

t

t

t
t

ENGINE
COMPRESSOR

71 -16100



-t

1

WORKBOOK
3ABR42331-148-122

Technical Training

Aircraft Environmental Systems Mechanic

TEMPERATURE CONTROL CIRCUITS WIRING DIAGRAM

1 December 1980

CHANUTE TECHNICAL TRAINING CENTER (ATC)
3370 Technical Training Group
Chanute Air Force Base, Illinois

DESIGNED FOR ATC COURSE USE
DO NOT USE ON THE JOB RGL: N/A

1101



Environmental Pneudraulic Branch 3ABR42331-14B-122
Chanute AFB, Illinois

TEMPERATURE CONTROL CIRCUITS WIRING DIAGRAM

OBJECTIVE

Using an electrical diagram, identify a minimum of 8 out of 10
circuit malfunctions, when given the cause And circuit condition.

EQUIPMENT

Colored Pencils
WB-116A

PROCEDURE

When you have acquired the above listed equipment, proceed according
to the instructions for each project of the workbook. DO NOT change the
color of the pencil you are using to trace each part of the circuit
unless you are told to do so.

Project 1

In this project you will be tracing out three (3) different
circuita, all ccntrolling the same motor and valve assembly (only one
circuit will be on at a time). One circuit will "automatically" control
the temperature control valve. One circuit will "manually open" or
close the temperature control valve assembly.

The MANUAL HOT & COLD circuits are used as a "back up" system in
case the "automatic" circuit malfunctions.

INSTRUCTIONS

Using figure 17 from the back of the text and a set of colored
pencils, trace the circuits in each of the following situations. Locate
the various components that you will be working with; ie., the power bus,
circuit fuse, temperature control switch, hot and cold relays, micro-
positioner, and the temperature control valve. For ease of following
the circuits, we will trace frolu the voltage source to ground, although
in the actual circuit the current will flow from ground (-) to the
voltage source ( +).

Supersedes 3ABR42331-WB-122, 16 September 1980, which may be used until
existing stocks are exhausted.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 500; TTVSA - 1

2
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1. Using a red pencil, trace the following voltage source.

a. Trace from the 28V DC power bus along wire H28A18 to
the five amp fuse, through this foss along wire H29A18 to the tempera-
ture control switch. Stop at this point for i moment.

Note: This temperature control switch provides power to operate
the AUTOMATIC, MANUAL COLD, and the MANUAL HOT circuits. To
operate any of the three circuits from this point it is necessary
to position the "switch" to the position that is desired. From
the switch you will be using three different colors of pencil
to show you the distinct separation of the three circuits even
though they all control the same valve assembly.

If the power circuit you have just traced does not look like the
completed portion of figure one, redo the previous step 1 or ask your
instructor for assistance.

2. Using a green pencil place the temperature control switch to
the "manual cold" position and tra-..a the following voltage source.

a. Trace along wire H31A18 over to junction A2 of the
"cold relay," from A2 along wire H31B18 through the close field winding
of the temperature control valve, to junction "A" of the valve assembly.
The symbol (Imps) represents the motors armature field, brushes or

slip rings and end frame. Next trace from junction A to the motor,
then from the motor along wire NMA18 to the ground point ( -110.

(1) From your previous study of DC motors you should
recall that if you apply voltage to the close field and armatur3 windings
of the valve, the armature and valve shaft begins to rotate, in turn
rotating a unit or butterfly device of some type to a "closed" position.

(2) From the previous study of bridges you learned how
the position of this temperature control valve butterfly affected the
cockpit temperature. If you do ,vt recall how this valve mixes the
ratio of hot and cold air, then refer back to the text prior to this
one that covers the bridge's operation in relation to the temperature
control valve.

The manual cold circuit you have just traced, should look like
the completed portion of figure 2. If not, redo step 2, or ask your
instructor for assistance.

3. Using an orange pencil, trace the voltage source for the
manual hot position.

a. Trace across the temperature control switch to the "hot"
position along wire H30A18 to junction A2 of the hot relay. Now trace
from junction A2 along wire H30B18 through the OPEN FIELD winding of
the motor to junction A. Then trace on to the ground point, along the
motor ground wire NMA18.

3
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(1) At this point the armature rotates and in turn
will open the butterfly allowing hot air t., enter the cockpit as long
as the switch is left in this position.

The manual hot circuit you have just traced should look like
the completed portion of figure 3. If not, redo step 3 or ask your
instructor for assistance.

(2) From previous lessons you learned that you must
get a ratio of hot and cold air to the cabin. In the manual range
just explained, there must be a method so that you can momentarily
position the temperature control switch to manual hot or cold and
position the valve to the desired point where you want it; hot,
warm, cool, or cold air.

b. If the switch is properly constructed this can easily
be accomplished. Refer to the illustration below, then read the
information that follows:

SPRING

TEMPERATURE
CONTROL
SWITCH

POWER
INPUT

/0'1 TO MANUAL COLO CLOSE

(
SPRING

\--11.TO MANUAL HOT

Figure 3.

OPEN

(1) Note that there are two small springs connected
to each side of the swit h. If you were to hold the switch to the
"manual cold" position and then release it, it in turn would spring
back to the OFF position, thus removing power from the close (cold)
side of the motor. By the same token if you placed the switch to
"manual hot" and then released the switch, it would spring back to
the OFF position.

(2) Simply in this manner you could send small blips of
power to either side of the motor and position the valve to the exact
point desired. Full open, partially open, partially closed or full
closed until the desired cockpit temperature is reached.

(a) Due to the varying altitudes and different
throttle setting of the aircraft engines, creating temperature chaiges
to the air conditioning system, the temperature would have to be
c.mtinuously "monitored" in manual to maintain the proper temperatures
in the cockpit. For this reason the automatic range was designed to
give better temperature control, without having to constantly "monitor"
the system.

6
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4. Using a blue pencil, trace the following voltage sources
in the "auto" position.

a. Draw the temp control switch is the auto position and

trace across wire B1A18 to the 3 way junction ( ).

Note at this point the circuit parallels into three paths.

(1) One along wire H33A18 to point Al of the cold relay.

(2) One along wire 332A18 to Al of the hot relay, then
along wire H34A18 to the micropositioner armature contact.

(3) The other path through resistor R-6 along wire
B1B18 to the "top" of the bridge.

b. Let's take each path individually as you trace them
out on the foldout.

(I) First trace along wire H33A18 to point Al of the
cold relay.

(a) Voltage would stop at this point because the
cold relay has not been energized at this point. The spring attached
to the armature contact is holding it up, therefore breaking the
electrical circuit between points Al to point A2 oi the relay.

(2) Now trace along wire H32A18 to Al of the hot relay.

(a) Again voltage would not be sent across from
Al to A2 of this relay; for at this point it is "deenergized."

(b) Trace from Al along wire H34A18 to the micro-

positioner armature contact). You now have a voltage potential

on the contact. At this point with no current flow across the bridge,
the contact is in its neutral position andther relay is energized.
Therefore, it should be of special interest to note if there is NO
CURRENT across the bridge the system will not energize the hot or cold
relays which feed power to the motor windings in automatic.

(3) Now trace across resistor R-6 at the three way
junction, along wire B1B18 to the TOP of the bridge circuit.

Note: Resistor R-6 is a voltage dropping resistor to the
bridge, simply the aircraft or trainer circuits would only
require a small amount of vci.tage for actual operation.
Therefore, this resistor is used to regulate voltage to the
bridge.



(a) Notice that the circuit at thl.s point is
nothing more than a parallel circuit. One path down the left side,
one path down the right side.

Note: At this point you must assume that the bridge is in a
balanced condition; that is voltage at points A and B are
the same and NO current is flowing across the micro-positioner
coil.

(b) Trace along wire B2A18 through the rheostat
and variable resisto. along ire B2B18 to point A. Continue on wire

B2C18 through the temp sensing element (.r-46t--) along wire B2D18 to

point D then to the ground point along wire ' E18N.

(c) Go back to the top of the circuit and trace

to the right along wire B3A18 through the sensing element )

along wire B3B18 to point B, continue on wire B3C18 through the variable

resistor (Aa) along wire B3D18 to the ground point along wire

H3E18N.

The circuit you have just traced should look like figure 5. If
your traced circuit does not, redo step 4 or ask your instructor for
assistance.

Note: At this point you have traced the manual cold circuit,
the manual hot circuit, and the auto circuit under a balanced
condition. In the next two steps you will unbalance the
circuit and energize each relay in turn, the hot and cold
relay circuits.

5. In this step you will create a difference in voltage
potential by raising point A's voltage to a higher value than the
voltage at point B.

a. This can be accomplished in three ways.

(1) By the rheostat.

(2) By the variable reector.

(3) By the temperature sensor on the left side of
the bridge.

(a) If the rheostat's resistance is decreased,
then less voltage would be used to get the current to flow through it;
therefore, the voltage at point "A" would be higher. Remember,
voltage drop or usage is in proportion to resistance in a series
circuit. Simply if a resistor's value changes, the voltage require-
ment for that resistor or circuit automatically changes.

9
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(b) By the same token, the resistance of the
variable resistor could be decreased also making a higher voltage for
point A due to lese voltage being required for it.

(c) On the sensing element, the resistance would
have to be increased. By increasing this resistor's value, you would
require a larger share of the voltage to get current to flow through
it. Therefore, less voltage would he used through the othrr resistors,
in turn impressing a higher voltage across point "A" to the sensing
element.

b. Now that a higher voltage has been established at
point "A" than point "B", there would be current flow across the
bridge.

Note: Always remember that if a resistor's value changes, for
any reason, voltage will automatically be changed, either
increasing or decreasing the voltage requirement fcr that unit
or units.

(1) Using the orange pencil, again trace across the
bridge from point "B" to point "A".

(a) Point B now has a low voltage. Point A has
the higher voltage potential. Example: Po t B = 6 volts, point A
= 8 volts.

(b) From your previous study you should note
that the micropositioner coil magnetizes and the armature is offset/
tilted to the left. Note the illustration below.

REMEMBER to use the Left Hand Rule

to finch which side of the
coil is north,

Figure 6.
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c. Using the orange pencil, trace from Cl to X1 of the
hot relay through the coil to X2 to ground along wire H35B18N. The
relay now becomes a temporary magnet and pulls the relay contact down,
making a path for voltage from Al to A2 of the hot relay. Use a
brown pencil and trace across to A2 then on to the hot motor winding
to ground.

Note: At A2 of the hot relay, auto hot and manual hot uses
the same wire to get to the motor windings.

The circuit you have just traced should look like figure 7. If
not, redo the previous section, or ask your instructor for assistance.

6. In this step, lower the voltage at point A. Assume that
die voltage is now lower than point "B".

a. Again this can be done by changing any of the resistance
values on the left side of the bridge. This could have easily been
done on the right side of the circuit; however, the left side is merely
being used as a point of reference.

b. Now that a lower voltage is established at point A,
current will flow from A to B (left to right across the bridge).

(1) The micropositioner armature contact tilts/offsets
to the right in turn energizing the contact to C2. Note the illustration
below.

CURRENT FLOW

Figure 8.

c. Using a green pencil, trace current from point A across
the micropositioner to point B. Trace out contact C2 to X1 of the
cold relay through the coil to X2 to ground.

(1) This relay now becomes energized, the contact
between Al and A2 is pulled down and makes the electrical circuit.

d. Trace from Al (using a brown pencil) to A2 through
the close (cold) motor windings to the ground point along wire
NMA18.

13
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Note at A2 of the Cold relay that "auto cold" and "manual cold"
use tha same wire at this point to transfer voltage to the motor
windings.

This completes project 1. The figure you have just traced should
look like figure 9. If you do not understand what you have done up
to this point and why, then redo this project. If you still do not
understand, then notify the instructor for aid.

Project 2

INSTRUCTIONS

Using figure 18, note the circles and squares with numbers at

the various points on the circuit. The circled numbers (

represent an OPEN wire at this point. The squares ( 0 ) indicate

that the circuit is SHORTED at this point. REMEMBER! If for "any
reason" a resistor's resistance is changed on either side of the
circuit, vcltages at points A and/or B will be changed.

1. Using the illustrations below, see what happens when either
side of the bridge resistance is changed. Illustration 1 indicates
a normal circuit under a balanced condition (no current flow across
the bridge). Illustration 2 shows the same circuit with resistor
R-3 broken (open) and the circuit is shown in an 'balanced state.

Illustration 1

ET42V1

9

6 +6V +6V A 1.o

kg 6V soyI I I .

10 iv
6V

i8 14a OS
All til to Oft

N'1 6A

0

Illustration 2

OMMEN
WPM
Ram=

Figure 10.
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a. Note that the left side rf the bridge in illustration 2
is normal and still has a +6 volt potential at point A. Note further
that with R-3 broken, that there is NO voltage across the break and
the voltage potential at point B is at 4 zero (0) volt potential.
Frrn your previous studies you know that current would now flow from
point B (-__to point A (+). Keep in mind that point B could be 0,
1, 2, 3, 4, 5, 5.9 volts and current would still flow until B reaches
the same voltage as point A, then the circuit would be balanced.
With current flow from B to A, 0-e micropositioner armature contact
will tilt/offset to the left making contact with the wiring going to
the hot relay.

(1) It is noteworthy to realize that at this point
the resistor will remain broken until the aircraft returns from
flight and you, the maintenance man, correct the malfunction.

(2) In turn the system would be demanding FULL HOT
in AUTO at all times.

(3) The crew "must now" select the manual override
ranF.ss to control temperature.

2. As you may note, computing the different breaks or shorts
on the bridge could become quite a math headache. However, there is
a method for figuring out exactly which way current will flow when
there is a malfunction on the diamond itself. Study the illustrations
below as you read the information below them.

C.

Figure 11.

a. If current were to flow ONLY in a lopsided Z pattern
from point D of the circuit (note illustrations 1 and 2) and we used
this method, we could readily identify the malfunction and determine
which way current would flow across the bridge. Arrows indicate

direction of Z, and current flow across the bridge.

16
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(1) Remember this will only be a method used in aiding
you to bypass having to mathematically compute voltages each time
there is a short or open on the diamond. Keep these Z from D patterns
in your head as you continue.

b. Using the illustration below, let's see exactly how
this Z pattern will help in determining which way current will flow
on the bridge.

013
OPEN

RESISTOR

A.

'N. PLOT

RELAY

Figure 12.

TO COLD
RELAY

(1) Using a green pencil and the Z patterr, trace from
point D up to point A. So far the circuit looks ok., now ...race across
from point A to point B then up to the broken path (resistor R-3) of
the circuit.

(2) At this point the circuit has an incomplete path
and current could not flow on to point C or anywhere. (You must have
a complete path for current to flow.) Seeing -1 how you don't have a
complete path from this point to C and on to posf.tive, there NO
ACTION on the mlcropositioner coil and it remains in the neutral
position (neither relay on).

(3) So now you must go back to point D and start the
Z p,ttern in the opposite direction. rise figure 13 shown below, in
this procedure.

Figure 13.

R4
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(a) Using a green pencil, trace from r to point
B acrosa to poin A, up to point C and to the positive bus. As you can
see, the circuit is complete; ale 'rmature contact is tilted to the left,
and the HOT circuit is energized. Trace the contact in its tilted
position to the left in orange.

c. What if resistor R1 were shorted in the illustration
below? Remember, if the bridge is unbalanced, the current will always
take the Z pattern from the lowest voltage potential to the highest.
In figure 14 below, use the green pencil to trace out your Z pattern,
and then answer the questions about the circuit.

0.

Figure 14.

Answer the following questions.

1. Current now flows across the bridge from

. (p to B, B to A)

2. This Z path has the least resistance
(DBAC/DABC)

to

3. The micropositioncr contact is (tilted/not tilted)

to the (left/right/neither direction)

4. Current flow takes the path with the (least/
highest) resistance.

Check the following page for the correct answer to the illustration
and questions. If your answers do not agree with these, then reread
the information given.

18
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Answers to illustration and questions 1 through 4 on page 18.

C

D

Figure 15.

c. Your circuit should appear as the one above. This is
the portion of the circuit that you should have traced in green. From
point D to E to A to C. Note the position of the micropositioner
armature contact.

1. B to A.

2. DBAC.

3. tilted - left.

4. least.

(1) The system is still demanding full hot as was
the previous circuit.

(2) The thing to remember is that current goes in
the opposite direction of the o ens and flows with the shorts when
using the troubleshooting aid of Z" from D.

d. As was stated previously, this "Z" from D is merely
an aid in troubleshooting. If the circuit was to be mathematically
computed in each case, you would find that this method proves correct
in determining direction of current across the bridge.

Using figure 18 and figure 16, you will identify circuit Lalfunction(s)
in the temperature control circuit which are caused by OPENS or SHORTS.
You will place an "X" in the block which will give you the correct
circuit malfunction. The first one has been done for you. Numbers 2,
3, 4 you must do for practice and have them checked by your lab insLuotor
before you progress to the problems in the performance check.

19



First llo% at figure 16 and find practice problem 1, then using
figure 18, look for problem 1 in the temperature control circuit. After
you have found 1 on figure 18, you will see that it points to an OPEN in
the power lead to the temperature ccntrol switch. You can identify an
open in this figure 18 by the circle around the number of the cause, or
you can also look on figure 16 uncle:: the cause column.

1. Figure 16 gives you the answer sheet for practice problem 1.

2. Figure 18 gives you the location of the OPEN circuit power
lead.

3. The circuit condition column for the temperature control
switch and rheostat in figure 16 will give you the position the
controls will be in during an operational check when the given CAUSE
is in the circuit.

a. How will the circuit malfunction when the temperature
control switch is in the manual cold position? You're right; 1 is
an open in the power circuit causing the power to be cut off to the
temperature control switch. By tracing the circuit, you know this
switch must have power to it for both the manual and auto circuit
to operate or the whole system will fail. This can now be marked in
figure 16 with an "X" under (NO,OPERATION).

Remember, NO OPERATION means that the temperature control valve
will not operate in manual hot, cold or automAtic. This does not

mean that the bridge will not control the micropositioner and the hot
and cold relay.

The selection made is the CIRCUIT MALFUNCTION (NO OPERATION).
This is the only complete and correct answer because the power has
been cut off to the circuits. The above circuit malfunction will
result regardless of the temperture control switch and rheostat
position.

If you would have selected any of the other circuit malfuhctions,
your answer may be either half or all wrong.

Note: Be very CAREFUL in selection of the circuit malfunctions.
They must describe exactly what is mab.unctioning, nothing more
or less. Also, always note the position of the temperature control
switch and rheostat given in the circuit condition 'olumn in
figure Sometimes more than one answer could be correct.

20
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PRACTICE PROBLEMS

First look at figure 16 and find practice problems 2, 3, and 4, and
then using foldout 2, look for problems 2, 3, and 4 in the temperature
control circuit. After you have found 2, 3, and 4 on figure 18, select
the correcc circuit malfunction given at the top of figure 16 by placing
an VI in the correct block. Your instructor will grade your work and

it if you are to progress to the performance teat.

21
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Student complete the following (print).

STUDENT NAME

(Last) (First)

CIRCUIT CONDITION CAUSE CIRCUIT MALFUNCTION(S)

TEMPERATURE
CONTROL SWITCH RHEOSTAT

.Ori
8
r-i

cd
0

Z00z

4J

A
1-4
cd
0
g
Z

z

8

t
41

0 c

.-I
0

d

1.
c

m

C
4-:
a
I
:
4,

0
ori

4J
03
64
m

CSI.

0Z

04./640
tea'S
Z0i

0 C.4

4J

Z P4
l

MANUAL
mu

MANUAL
/ HOT

AUTO HOT C. ) COLD

X X X X X OPEN X
..r,......--.,

1

X OPEN

SHORT

X OPEN

INSTRUCTOR MUST INITIAL BEFORE STVAJENT IS TO PROGRESS -----*

Figu .6.
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TEMPERATURE CONTROL
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Figure 17.
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OBJECTIVE

From various sine waves, specify peak voltage and effective
voltage with a minimum of 80% accuracy.

INSTRUCTIONS

This package presents information in small steps called "frames."
After reading the information in each frame, you are asked to select
an answer or make an entry that shows you understand the "information"
in that frame. You may write your answer in this booklet. You may check
the accuracy of your answers by looking on the next page.

Supersedes 3ABR42331-PT-123, 9 May 1980.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCH1., /TTGU -P - 1000; DAV - 1
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Frame 1

ALTERNATING CURRENT

Alternating current and direct current are the two main forms
of electrical power known to man today. You have already been
introduced to direct current and to the method of producing it.
In this unit of instruction we will deal almost exclusively with
alternating current.

Alternating current is produced by the mechanical method. Both
the alternating current generator and the direct current generator
use the same principles of magnetism to produce a voltage. Both
types of generators must have conductors, a magnetic field, and
relative motion between the two. The difference in the type if
output is controlled only by the internal parts of the generators.

NO RESPONSE, GO TO THE NEXT PAGE

3
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Frame 2

An AC generator has a conductor (actually many conductors)
which rotates in a magnetic field. The diagram below shows a
very basic AC generator, with a one wire conductor. Notice that
the conductor is in the form of a loop, with a pivot point midway
in the loop.

When one side of the loop is traveling up, the other side ismoving down. The voltage buildup on one side of the loop always
aids the voltage buildup on the other si "e. Since this is so, we
will use only one of the conductors in the loop to explain how an
AC voltage is Noduced. The diagram below represents this conductor
in a magnetic field. (End view) If the conductor is rotated in a
circle (represented by the dotted line) it will first cut across the
magnetic lines of flux in one direction (right to left). Then it will
cross the flux lines in the opposite direction (left to right). This
causes current to flow first in one 'irection in the conductor, and
then in the opposite direction.

N

S

4--CONDUCTOR

NO RESPONSE, TURN TO THE NEXT PAGE



Frame 3

A sine wave is commonly used to represent this ilterating cur-
rent in a circuit. The next few pages in this program will teach
you how this sine wave is developed and the terms used with it.

Let's start with the terms used when plotting a sine wave. The
two solid lines in the diagram below are reference lines. In order
to show how much voltage the generator is producing, the vertical
line called an "amplitude" line is used. This line is sometimes
marked with numbers to represent specific voltage or current values.

Draw an arrow pointing to the amplitude line in the diagram
above.

5
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Answer to Frame 3:

Frame 4

The horizontal reference line has two names. It can either be
called a "0" (zero) reference line or a "time" reference line, for
it represents both zero voltage and time.

Label the reference lines in the diAoram below.

1138
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Answer to Frame 4:

AMPLITUDE REFERENCE LINE

TIME REFERENCE LINE
OR=ZERO REFERENCE LINE

Frame 5

Now l..t's combine the basic generator (one conductor) and the
reference lines to show how a sine wave is produced.

In the diagram below, the basic AC gen- i-or is ,woducing no
voltage. The condu,Lor is moving parallel to the magnetic lines of
flux at this ins-Ant, and, therefore, is not cutting across any
lines. The "0" voltage produced at this time is represented by a
dot on the zero reference line.

1'

It
II

Draw an arrow to the "0" raferen, 'ine in the diagram ab ie.

1139
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Answer to Frame 5:

/
Frame b

As the conductor rotates from the starting point through 221/2°
of a complete circle, it begins to cut across lines of magnetic
flux.

OEM gam. =NM ...
I

Mila ...=BMW

r1.0,..
0 -
/\ /

..... ..L., ..0"

OM=

11111111111111111.11111111111

FAIIIIIIMMIll
.S'

1 351'11100

,.Lis produces a voltage in the conductor. The amount of voltage
at this time is small, but it is building to,-ard the maximum voltage
the generator will produce. This small amount of 31tage is shown
on our reference lines by a rising line. (The start of our sine
wave.) As the conductor continues to rotate, it cuts across more
lines of flux and produces a higher voltage.

I0v/ 90 -- 7,/
/ - 5v

I 3v
I- 180 0 _ Iv
t i\

itiiiiiii:11111
111111111 III

45' 90') I35' 110" 270' 300'/\ I I I I I

A ... "/
I I I I I1/1 1:4 Ii 2 3/i I

SEC SEC SEC SEC SEC

In the diagram above, the conductor has traveled 45° of a circl^,
and the voltage shown on the reference line has risen higher.

What is the voltage at this time?

How long hat. it. taken for this voltage buildup?

8
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Answers to Frame 6: 7 volts
1/8 second

Frame 7

The conductor continues to rotate until it reaches 90°. (nne
quarter of a circle.) At this time the conductor is cutting a nIxi-
mum number of flux lines and producing maximum voltage.

I

W'' -
.1C - 7

11

6/ -- 5
4
3
2

1-- 180 0' - -- 0

\ /
\ /
N(

45

270

45
90 110 270 360

I I I I
I 4 1 2 1,4
SEC SEC SEC SEC

On the reference lines above, we have shown the voltage sine
wave at its maximum height. Circle the letter before the correct
answer.

1. What is the maximum voltage this generator is producing?

a. 6 volts
b. 8 volts
c. 10 volts
d. 12 volts

2, Hoy, long did it take to produce this /?-ak (maximum) voltage?

a. 1/8 second
b. 1/4 second
c. 1/2 second
d. 3/8 second

3. How many degrees did the conductor travel to produce this
maximum voltage:

4, 45°

b. 90°
r 180°
d. 270°

4. At what point on the time reference line is maximum voltage
shown?

a. 45°

b. 90°
c. 180°
d. 270°

9 1141



Answers to Frame 7: 1. c 2. b 3. b 4. 0

Frame 8

As the conductor continues to rotate to 180° of a circle, it
cuts Fewer and fewer flux lines, until it is finally trav,ling
parallel with the flux lines again, cutting "0" lines of force,
and producing zero voltage.

11 MOM M11, .101.

90"

135" 5'

leo

apc rm..=

'eV

133°
90° ISO' 270' 360'

Complete the portion of the sine wave on the reference lines
above to show the drop of voltage to zero volts at 180°.

114,2
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Answers to Frame 8:

10

la iii1 01
ninninirl
1111111 m IIIinmpulimm min

90" 180 270- 360'

The sine wave ..lust be drawn
so that it covers the corners
where the graph lines cross.

Frame 9

When the conductor has moved from 0° to 180° in a circle, it
has completed o-e alternation (one rise and fall of voltage from
zero to maximum and back to zero volts). When the sine wave for one
alternation is drawn above the zero reference line, it always indicates
a positive (+) alternation. Plot a sine wave on the reference lines
below, showing one complete positive alternation of voltage.

270

iiiiimilliiiim
HEMPM11111
HUAUNIUMII

goo 180" 270^ 360'
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Answers to Frame 9:

I0

Frame 10

51111g11111H11
F4111111111111111

90° 100° 270° 360°

When the rotating conductor completes the entire circle, it
first moves through the flux ffield in one direction, (0° to 180°)
and then cuts across the flux field in the opposite direction.
(18C° to 360°) This is cue complete cycle (a complete sequence of
events), for the conductor is now back at "0" degraes of the circle,
and starting on the second cycle. The first half of this cycle
produced a positive alternation. The last half of the cycle pro
duces a negative alternation. (A reverse in the direction of induced
EMF) This negative voltage buildup and collapse is always drawn
below the zero reference line.

10

imiialiheiiii
P4

Pi

mouumu
i 111111

1111111Se' AUSIIIIIIMIO
90 80 270' 361,

1 I I 3

SE( ,IC SE( SEC

1. How long did it take for one complete cycle?

2. How long did it take for one complete alternation?

3. How many positive volts did the generator produce?

4. How many negative volts did the generator produce?

5. Would it be possible to produce more negative voltage than
positive voltage with this generator?

6. At what ?oint on the graph is maximum negative voltage
shown? 0

7. At what points on the graph are "0" voltages shown?
0 0° and

12
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Answers to Frame 10: 1. 1 second 2. 1/2 second 3. 10V
4. 10V 5. no 6. 270°

0 180 360

Frame 11

Plot a sine wave on the 3raph below, showing one complete cycle
of AC voltage. Label each alternation as Positive or Negative.

90° 160° 270° 360°

Label each of the f. lowing on the sine wave below.

Zero reference line
Time reference line
Amelitude reference line
One complete positive alternation
One compl-*e negative alternation
One compi ce cycle

Label each of the following points on the sine wave below.

90°

180°

270°

360°

1145



Answers tc Frame 11:

POS
NEG

q

00 ISO 170'

AMPLITUDE EFESENCE ONE
POSISIVI ALTERNATION

360"

ZERO REFERENCE LINE
TIME REFERENCE LINE

CYCLE

15110

NEGATIVE ALTERNATION

1146
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Frame 12

As you have seen, the generation of an AC voltage produces a
sine wave that is constantly changing in amplitude and periodically
changing in dIxection. The voltage is always rising or falling and twice
per cycle is at zero volts. Therefore, the amount of work a peak AC
voltage can do is not equal to the amount of work an equivalent DC
voltage can do. An AC voltage which reaches a maximum peak of 10
volts will do the same amount of work as 7.07 volts of DC.

Therefore, if we are referring to the , fective voltage of an
AC circuit it is only about 70% effective. It will only be .707 of
the peak voltage.

Which of the lines across the positive alternation below
represents effective voltage? (Circle the letter before the correct
line)

A -10
A -9
C-7
0-5
E 3
F

G-0



Answer to Frame 12: c

Frame 13

Unless otherwise specified, all AC meters are calibrated to read
the effective voltage of a circuit. The actual peak voltage will be
higher than what your meter reads. There may be times when you will
find it necessary to determine peak voltage. This can be done in one
of two ways. Either divide the effective voltage by .707 or multiply
by 1.414. Example:

141.4 100
.707/ 100.000 1.414

707 400
2930 100
2828 400
10 20 100
707 141.4
3130

You will find these numbers in almost any book on electricity,
if y'u need them, so we don't expect you to merorize them.

1. AC meters (unless otherwise specified) are alwaS calibrated
to read

a. amperage \ tage.

b. instantaleous voltage.

c effective voltage.

3. peak voltage.

1148
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Answer to Frame 13: c

Frame 14

When our simple generator is turuing at a speed of one revolu-
tion per second, it is producing ore complete cycle per second
(CPS). Another term for cycles per second (CPS) is Hertz. The
number of cycles per second (Hertz) is called frequency. If the
speed of the generator rotation were increased to 5 revolutions per
second, the frequency of the output would then be 5 cps (Hertz).
Frequency is always measured by the number of complete cyc_213 in
each second. The sine wave for 5 cps (Hertz) would look like this:

StC

What is the frequency of the sine wave below?

a. 2 cps
b. 4 cps
c. 8 cps
d. 16 cps

1 SEC

Frequency is always measured in cycles per: (Circle the correct
letter)

a. Microsecond.
b. Second.
c. Minute.
d. Hour.

Answers to Frame 14: 4 cps

You have now completed this program. Please inform your
instructor that you have completed the text.
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OBJECTIVE

Specify basic facts relating to capacitance with a minimum of
802 accuracy.

INSTRUCTIONS

This program presents information in small steps called "frames."
After reading each frame, you are asked to select an answer or make
an entry that shows that you understand the information in that frame;do so by writing your answer in the response sheet. Do not mark in
this text. You may check the accuracy of your response by checking
correct responses at the top of every even numbered page.

Supersedes 3ABR42331 -PT-124, 9 January 1981.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCRTG/TTGU-P - 500; DAV - 1
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Frame 1

You have learned about electron flow in a previous text. At

this point, lets see how a capacitor would effect this flow. To

start with lets answer the question, "what is a capacitor?" A

simple definition of a capacitor is: "an electrical device capable

of storing electrical energy." It would be quite possible at this
time to confuse this definition with the definition of a battery,
however, there is a essential difference between the two. A battery

is a chemical generator which produces electrical energy as a product

of chemical activity. A capacitor is a storage device (not a gener-

ator) which stores electrons.

GLASS JAR
Figure 1.

Figure 1 above, illustrates a glass jar, two conductors and a
battery. The inside and outside of the glass jar is wrapped with
copper foil. The positive terminal of the battery is connected to
the inside piece of foil. While the negative terminal is connected

to the outside piece of foil. There is no connection between the

two conductors as the glass jar separates them. It insulates the

inside and outside copper foil from one another. We now have the

three essential parts of any capacitor; two conductors, and an
insulator. Each of these three parts has a specific name. The

conductor (inside foil) connected to the positive post of the battery

is called the anode. The conductor (outside foil) connected to the
negative post, is called the cathode. The insulator (glass jar)

is called the dielectric.

Answer each of the following statements either true (T) or false (F).

1. The insulating material in a capacitor is called a dielectric.

2. A capacitor is a electrical device capable of storing
electrical energy.

3. The glass jar used in figure 1 would be an example of a
conductor.

4. The fel used in figure 1 would be an example of a insulator.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 4.

3
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Correct Responses to Frame 1: 1. T, 2. T, 3. F, .4. F.

Frame 2

Now that we have established that there is no electrical con-
nection between the two conductors, (or plates as they are sometimes
called) lets see how the electrons flow. The electrons in the nega-
tive plate want to pass through the dielectric to the positive plate.
Thus, we can say that a potential exists between the two plates.
The electrons tend to accumulate on the negative plate (see figure 2A
below). If we disconnect the battery, electrons will be trapped
on the surface of the negative plate (see figure 2B below). Now
if we touch thy leads connected to the plater , the electrons will
have a way to reach the positive plate (see figure 2C below). Since
electron movement will be virtually instantaneous, a spark will be
produced.

I1
..

Z.71

Figure 2A. Figure 23.

41(

------O

Figure 2C.

4
If the capacitor is removed from the circuit while still charged,

we would have the equivalent of a small battery. It would not be
a very useful battery however. For as soon as 't was connected to
a circuit, the electrons would leave the negative plate and attempt
to reach the positive plate. Once this has occurred, the capacitor
is rged. Then the plates of the capacitor become two pieces
of neuLls1 metal. As the capacitor discharges through the circuit,
it momentarily supplied a voltage. This voltage is almost as high
as the original battery voltage due to the electron build up.

Indicate the letter of the correct response to each of the following
statements.

.0""-

1. When a charged capacitor is removed from a circuit, it will

a. immediately charge.

b. immediately discharge.

c. retain its electrical charge.
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Frame 2 (Coned)

2. A capacitor discharges with a voltage that is

a. slightly higher than the applied voltage.

b. slightly lower than the applied voltage.

c. equal to the applied voltage.

SEE TOP OF PAGE 6 FOR CORRECT RESPONSES.
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Correct Responses to Frame 2: 1. c, 2. b.

Frame 3

The amount of charge that a capacitor can hold depends upon
how it is constructed. Yhis'capacity for storing energy in an electric
field is called caper:itance. Three separate physical properties deter-
mine the amount of eh that any capacitor is capable of holding.

1. Plate Area - ane larger the plate area, the more electrons
it can hold; therefore, it has more capacitance.

2. Distance Between the Plates - When the distance between
the plates is increased, the capacitance is decreased because the
greater distance between the two plates reduces the attractive force
between them.

3. Type of Dielectric - Electrons are easier to displace in
some dielectric materials than they are in other dielectric materials.
The type of dielectric, therefore, has a direct bearing on the capaci-
tance of the capacitor.

Complete the following statement.

1. The three physical properties that determine the capacitance
of a capacitor are:

a.

b.

c.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 8.
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Frame 4

Capacitors are effected more by temperature than by any other
environmental conditions, except humidity. This is because capacitors
are electrical devices and they :tore electrons. As the temperature
increases, electron activity increases and as temperature decreases
electron activity decreases. Therefore, when a circuit is designed
to use a capacitor, the temperature factor must be taken into consideration.

NO RESPONSE REQUIRED

CHECK YOUR RESPONSE AT THE TOP OF PAGE 8.
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Correct Responses to Frame 3: 1. a. plate area, b. distance between
the plates, c. type of dielectric.

Correct Response to Frame 4: None Required.

Frame 5

A capacitor has the ability to oppose any change in voltage.
To explain this more clearly, lets connect a capacitor in parallel
with a resistor in a circuit. The symbol most commonly used to

represent a capacitor is --4,(-- .(Positive --4 Negative (-- )

I MM.

When the switch is closed in the circuit above, voltage causes
current to flow through the resistor. Full voltage is applied across
both the resistor and the capacitor. The capacitor is being charged
at the same time that current starts flowing through the resistor.
When the capacitor has beer. fully charged (to a voltage almost as
high as the battery voltage), there will no longer be a flow of
electrons to the negative plate of the capacitor. Now all the electron
flow will be through the resistor. (This applies to a DC circuit
only.)

Indicate the letter of the correct response to each of the following
statements.

1. A capacitor has the ability to oppose changes in

a. current flow.

b. voltage.

c. frequency.

d. resiatance.

2. ----I is the symbol for

a. a capacitor.

b. an inductor.

c. reactance.

d. impedance.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 10.

8
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Frame 6

When the switch in the circuit below is opened, after the capacitor
has been charged, the battery voltage is removes: from the circuit.
Voltage across the resistor is not removed though, because of the
Charge on the capacitor. The capacitor discharges across the resistor
keeping the voltage applied for a very short time. The capacitor
acting like a battery, opposes the decrease (Change) of voltage across
the resistor. Thi-, circuit was used for demnnstration purposes only.
A capacitor is not needed to keep the voltage constant across the
resistor because the battery voltage does not fluctuate.

Suppose we need a constant voltage across a resistor, and the
power supply fluctuates from 100 volts to 110 volts. Would a capacitor
in this type circuit help us obtain a steady voltage? It certainly
would: As the voltage from the source rises from 100 to 110 volts,
the capacitor would continue to charge to the higher voltage. Now
when the applied voltage drops back to 100 volts, the capacitor dis-
charges electrons through the resistor. This action helps stabilize
the voltage across the resistor.

POWER
SUPPLY

Answer each of the following statements either true (T) or false (F).

The capacitor in the above circuit charges when the applied
voltcge increases.

2. The capacitor discharges through the resistor when the
applied voltage decreases.

3. Fluctuations in applied voltage are not opposed by the
capacitor.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 10.

158



Correct Responses to Frame 5: 1. b, 2. a.

Correct Responses to Frame b: 1. T, 2. T, 3. F.

Frame 7

A capacitor in a circuit causes current to lead the voltage.
That is, the capacitor causes a shift in phasing-between the current
and voltage. This shifting action can be explained with the circuit
and graph shown below.

E 12 VOLTS

CURRENT CURRENTWILLLEADVOLTAGE
a BY 90* IN A PURELY CAPACITIVE

VOLTAGE CIRCUIT.

TIME

VOLTAGE -CURRENT 111ELATIONSHIP
DURING CHARGING OF A CAPACITOR.

Before the switch in this circuit is closed, the capacitor has
a neutral charge. In other words, its voltage is zero: As soon as
the switch is closed, the 12 volts from the battery causes a maximum
flow of current. As the current flow continues, the voltage at the
capacitor increases. As the charge of the capacitor builds up, the
difference in potential betreen the battery and capacitor plates becomes
less. This causes a progressively decreasing current flow. When
the .capacitor is fully charged (maximum voltage), the current flow
will stop completely (minimum current).

The graph shows the voltage-current relationship at the capacitor
during the charging time. The vertical line at the left of the graph
represents the voltage-current condition in the capacitor at the
instant the switch is closed. The current (electron) flow is at
maximum, and the voltage is at minimum. As the voltage increases,
the current flow decreases. When the voltage has reached maximum
(near 12 volts), the current flow has dropped to zero. If we com-
pare this action with one-half cycle in an AC circuit, we can see
that the capacitor causes the current to lead the voltage.

Answer each of the following statements either true (T) or false (F).

1. At the time that the capacitor is fully charged (maximum
voltage) the current flow is also maximum.

2. The capacitor causes current to lead the voltage in the
circuit.

3. At the instant that tha capacitor is starting to charge,
the current will be at maximum.

CHECK YOUR RESPONSES AT THE TOP OF 2AGE 12.

10
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Frame 8

The unit of measurement for a capacitor is the farad. Re letter"C" is the symbol of capacitance. If one coulomb (6.28 x 10 electrons)will charge the capacitor to a one volt charge, the capacitor has onefarad of capacitance. The farad itself is too large for practicaluse. Therefore, the unit of measurement actually used is microfarad.The microfarad is equal to one-millionth of a farad and is abbreviated
mfd or pfd. The micromicrofarad is also used. It is equal to ane-millionth of a microfarad and is abbreviated mmfd or 2s,

Most capacitors also have a DC and an AC voltage rating stampedon them. This is to insure the capacitor will not be used in a circuitwhere its voltage limitations could be exceeded. Other capacitorsmay have color coding to designate the size and voltage rating.

FIXED PAPER
DIELECTRIC CAPACITOR

CONDUCTOR
FOIL PAPER

INSULATOR

LEADw

LEAD

CONDUCTOR FOIL

Answer each of the following
statements either true (T) or false (F).

1. The units of measurement for capacitance are the microfarad
and the micromicrofarad.

2. An abbreviation for the microfarad is pfd.

3. The voltage ratings stamped on the capacitors should be
Observed when the capacitors are connected in circuits.

CHECK YOUR RESPONSES AT THE TOP OF PAG 12.
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Correct Responses to Frame 7: 1. F, 2. T, 3. T.

Correct Responses to Frame 8: 1. T, 2. T, 3. T.

Frame 9

There are many different types of capacitors. Let's briefly
describe a few different types so that you will be familiar with
them.

One common type of capacitor is made by placing a long, narrow
sheet of oiled paper between two similar sheets of tinfoil. Then
another sheet of oiled paper is placed against the outside surface
of each tinfoil sheet. These layers of tinfoil and paper are then
rolled up and sealed in a cardboard tube. Two terminals are connected
to the tinfoil and one extended to the outside of the tube.

The amount of voltage that can be applied to such a capacitor
depends upon the insulating ability of the paper (dielectric). In
other words, the dielectric of a capacitor determines the highest
voltage that the capacitor can withstand without breaking down. When
the plates are charged, electrons attempt to move from the negative
plate to the positive plate. But, the dielectric prevents this from
happening. However, depending upon the applied voltage and the type
of dielectric's own electrons may break loose and nova to the
positive plate. This reduces the efficiency of the capacitor. There-
fore, it is desirable to use dielectrics with high "electron holding"
Characteristics. This electron-holding ability of a dielectric is
indicated by a numerical value which is called the "dielectric con-
stant." The dielectric constant value compares the electron-holding
quality of a dielectric, to a comparable insulating layer of dry air.
For example, a nonconductor with a dielectric constant of 6, would
be 6 times as good a dielectric as a layer of air of equal thickness.

The higher the dielectric constant, the better the quality of
the dielectric. The diw.uctric constant rating is so important that
capacitors are classified by the kind of dielectric used. The
general types of capacitors, clot:sallied by dielectric, are; air,
compressed-gas, vacuum, mica, ceramic, glass, oil, oil-paper, caster
oil paper, chlorinated diphenyl-paper, and wax paper. The castor
oil paper ty e of capacitor is one of the better paper capacitors.

Answer each of the following statements either true (T) or false (F).

1. The dielectric of a capacitor determines the highest voltage
the capacitor can withstand without breakdown.

2. Capacitors are distinguished by the type of dielectric
they contain.

CHECK YOUR RESPONSES AT THE TOP OF PACE 14.
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Frame 10

We have previously stated that DC voltage, when applied to acapacitor, causes current to flow only until the capacitor is charged.However, if an alternating (AC) source of power is substituted thecapacitor will act differently. We stated (in a previous text)that one AC cycle would be half positive and the otter half negative.As shown, in the next figure, current flow from the AC source willalternate. On the first cycle, Y would be positively charged, whileX would receive a negative charge. On the next cycle, X would receivethe positive charge and Y the negative charge. This alternation willcontinue with each cycle. No current will flow through the insulator(dielectric) between the capacitor plates. However, current will flowin the remainder of the circuit in between cycles. The amount ofcurrent flow, within the circuit, will increase if one or more ofthe following occurs: (1) The amount of applied voltage is increased,(2) the capacitor is replaced by e larger capacitor, or (3) the fre-quency of the applied voltage is increased. A capacitor, for an ACcircuit, must be carefully chosen. The capacitor chosen must changefast enough to store the needed energy. Yet, it must discharge fastenough to avAd bucking the next cycle of current.

1111. al*--

AC GENERATOR

CAPACITOR

I--Ow -4-7 --lbw .41--

Y

AC 1.44METER

Answer each of the following statements either true (T) or false (F).

__1. When a capacitor has AC applied to it, the charge on the
capacitor constantly -.7everses.

2. When DC voltage is applied to a capacitor, the charge onthe capacitor constantly reverses.

3. Current flow in the above circuit will change if the fre-
quency of the applied voltage changes.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 14.
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Correct Responses to Frame 9: 1. T, 2. T.

Correct Responses to Frame 10: 1. T, 2. F, 3. T.

Frame 11

Capacitance may be compared to the elasticity, (springness) of
a punching bag. Before the blow is delivered, the bag can be con-
sidered as being uncharged. Just as a capacitor is said to be uncharged
before it has been connected across a power source.

Delivery of the boxer's punch cauees the punching bag to move
outward. The extent of movement depends upon the force exerted.
Similarly, a capacitor accepts a charge. The strength of the charge
is determined by the applied electrical energy.

The punching bag reaches the maximum distance it can move, in
a given direction, because of the elasticity of its supports. This
extreme distorted position represents stored energy, that flings
the bag backward with almost equal force. This action may be compared
to the action of the energy stored within a charged capacitor which
is released when the capacitor is discharged.

Indicate the correct response to the following statements.

1. The strength of the capacitor's charge is determined by what?

a. Magnetic field.

b. Circuit resistance.

c. Applied electrical energy.

d. Current.

2. When is a capacitor said to be uncharged?

a. After it has been connected to an emf.

b. When it is gathering electrons.

c. Before an emf is connected to it.

d. When current is flowing.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 16.

1163

14



Frame 12

Below are shown some different types of capacitors that are
used in various circuits. Study the illustrations and become familiar
with thess different types of capacitors.

I MFD 100VOLT MINIATURE
ELECTROLYTIC CAPACITOR

Most economical for AC
motor starting circuits.
Used with a centrifugal
switch.

.3(50 MFD 15';

ELECTROLYTIC CAPACITOR

Most economical for AC
motor starting circuits.
Used with a centrifugal
switch.

NO RESPONSE REQUIRED

CHECK YOUR RESPONSE AT THE TOP OF PAGE 16.
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CAPACITOR
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high voltages.



Correct Responses to Frame 11: 1. c, 2. c.

Correct Response to Frame 12: None Required.

Frame 13

Answer each of the following statements either true (T) or false (F).

1. The insulating material in a capacitor Is called a dielectric.

2. The size of the plates, the distance between the plates,
and the type of dielectric determine the capacitance of a
capacitor.

3. Capacitance is measured in henries.

4. When a charged capacitor is removed from a circuit, it
immediately discharges.

5. A capacitor has the ability to oppose any change in voltage.

6. A capacitor causes current to lead the voltage.

7. The voltage ratings on capacitors need not be observed
when connecting the capacitors in AC circuits.

8. Capacitors are distinguished by the type of dielectric they

contain.

9. When an AC voltage is applied to a capacitor, the charge
on the capacitor constantly reverses.

10. You should use caution when working with capacitors because
of their ability to store an electrical charge.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 17.
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Correct Responses to Frame 13: 1. T., 2. T, 3, F, 4. F, 5. T,

6. T, 7. F, 8. T, 9. T, 10. T.
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OBJECTIVE

Identify basic facts, construction characteristics and
principles relating to inductance with a minimum of 40X accuracy.

INSTRUCTIONS

This programmed text presents information in small steps called
"frames." After reading each step, you are asked to complete a
statement or respond as directed. Use a piece of paper or a card as
a mask to cover the printed material. Slide this mask down the page
until you expose the top of a short row of slashes (////////////).
Cne small step is now oxposed for your viewing. Read the material
presented and make you.7 response in the space(s) provided. Slide
the mask down and comp.re your mu. ver with the correct one. If you
are wrong, read the frame again; if you are correct, go on to the
next frame.

Supersedes 3ABR42331-PT-125, 23 May 1980.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 1000; TTV8L - 1
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Frame 1

hen current flows through a conductor, a magnetic field is created around
he conductor. If the current increases, the magnetic field expands. To
etermine the direction that the magnetic field is rotating around the conductor,
he left hand rule is used. The left hand rule is demonstrated below.

LEFT HAND RULE

Thumb Points In Direction of Current Flow and
Fingers Show Direction of the Rotating Magnetic Field.

Whenever the direction of current is known, the direction of the rotating
magnetic field can be found.

Whenever the direction of the magnetic field is known, the direction of the
current flow can be found.

Circle the letter of the correct response to the following statements.

1. Which diagram below shows the correct direction of current flow?

a. b.

EMF

2. Which diagram below shows the correct direction of the rotating
magnetic field?

a. b.
EMF ......0.



Answers to Frame 11 1. b. 2. a.

Frame 2

When two separate conductors are parallel to each other (adjacent) and one h s
current t. 4 through it, an electromotive force is induced in the adjacent
conductor. Remember, to create an EMF, there must be a conductor, a
magnetic field, and relative motion. The wires serve as conductors, as
current flow increases through the first conductor an expanding magnetic
field is created which cuts across the adjacent (No. 2) conductor, thereby
producing an EMF. When current flow in one conductor produces an EMF i
another conductor it is called mutual inductance. By using the left hand rule
we find that the EMF that is induced in the second (adjacent) conductor is in
the opposite direction of the applied EMF.

No

MUTUAL
INDUCTANCE

No. 2 CL. .11111.
..=1'

APPLIED

) INDUCED
EMF

STATIONARY
CONDUCTOR

EXPANDED
IMAGNETIC

FIELD

Let's look at these same two conductors from an end view. Curving the fing rs
of the left 1-and around No. 2 conductor the way that the field is bent, you ca
see that the thumb of your left hand indicates the induced EMF to be in the
opposite _trection as the applied EMF in the No. 1 conductor.

1170
4
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Review the principle of operation of a basic generator as shown here. Fol-
low the bent magnetic lines around the conductor with the fingers of your left
and and you see the current is flowing into the conductor away from you.

MP ...P ." I
e .01. ...% %

. 0 J. / %
40. de .11.op a. .11.ain d=1. de ... ....

, 0,71......
Id. do.

dft.00. dftId =IN dft ..

*db N
.---. ...... ''.... ......

.
. ... .........

M

Current Flow in Wire Moving through
a Magnetic Field

Notice that the conductor moves across the magnetic field in a generator,
but isn't the result the same whether the conductor moves across the field
or the field moves across a stationary conductor? Either way an EMF will
be produced. Mark the following statements true (T) or false (F).

dida1. When the conductor moves parallel with the magnetic field, no EMF
will be produced.

Z. If a magneti.: field moves across a conductor, an EMF will be,
produced.

3. The EMF that a conductor induces into another conductor is called
mutual inductance. ,

1171 5



Answers to Frame 2: 1. T 2. T 3. T

Frame 3
A single conductor, when wound into loops, can induce an EMF within itself.
When this occurs, it is called self-inductance. Also, when a conductor is
wound into loops to form a coil, the strength of the overall magnetic field
greatly increases. The amount of induced EMF therefore would be much
greater.

DInECTION OF
CURRENT FLOW

N

Notice in the loop shown above, that the magnetic lines inside the loop aid
each other to create a strong overall magnetic field. Consequently, when
many loops form a coil, the self-inductance would be much greater. The' le
ter symbol used to indicate inductance is "L." You may see the symbol 'Mu
in diagrams to represent a coil (inductance). The unit of meaguilenient fcir
inductance is the "henry."
Circle the letter of the correct answer to the following statements.

1. Self-inductance is a voltage produced
a. by a chemical. method.
b. in a conductor by current flow in the same conductor.
c. in a conductor by current flow in a different conductor.
d. by mechanical means.

2. The letter symbol used for inductance is
a. V.
b. A.
c. L.
d. I.

3. The amount of inductance in a single conductor can be greatly
increased by
a. forming the conductor into loops.
b. increasing the length of the conductor.
c. decreasing the length of the conductor.
d. decreasing the applied EMF of the conductor.

4. The unit of measure for inductance is the
a. henry.
b. farad.
c. ohm.
d. amp.

iimm!mmaEmmirommismomir
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Answers to Frame 3: 1. b 2. c 3. a 4.

LOOP NO 2

LOOP NO I

-EXPANDING
FIELD

APPLIED E 7

INDUCED EMF

APPLIED EMF

- 4

Frame 4

Looking at one expanding field as it cuts an adjacent conductor, (as shown
above) we see ghat an induced EMF is produced which opposes the applied
EMF. This action would be multiplies: many times over if all the magnetic
fields of all the loops were taken into consideration. Upon further examina-
tion, we can see that the induced EMF would also be created when the mag-
netic field collapses, but the induced EMF would now be in the opposite
direction. A coil, therefore, has the ability to oppose any change in current
flow. Notice that when current starts to increase in the coil, an expanding
magnetic field produces an induced EMF which opposes the build p of cur-
rent. If the current in the coil tends to decrease, as shown below) the ex-
panded field collapses and creates a counter EMF that would try to keep
current flowing in the coil.

COLLAPSING
FIELD

APPLIED EMF

INDUCED EMF

/IF THIS CURRENT STARTS TO
DECREASE, THE FIELD COLLAPSES
AND THE EMF WOULD NOW
BE AIDING THE APPLIED EMF.

APPLIED EMF

R-5

Mark the following statements true (T) or false (F).
1. A coil has the ability to oppose any change in current flow.
2. The property of a coil to produce an induced EMF is called inductance.
3. A coil will only oppose any change in current flow when its magnetic

field is expanding.
4. Energy is stored in the magnetic field of a coil.

//////
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Answers to Frame 4: 1. T 2. T 3. F 4. T

Frame 5

When an inductor is connected tr a source of alternating voltage to form an
inductive circuit, the curi-cnt through the inductor lags the voltage across
the inductor. This means that the current does not reac'i its maximum
value until after the voltage has reached its maximum value. The current
lags the voltage in a purely inductive circuit by 900.

Mark the following statements true (T) or false (F).

1. The current in an inductor does not reach its maximum value until
after the applied voltage has reached maximum.

2. In a pure inductive circuit, the current lags the voltage by 90o.

/MP

1174
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Answers to Frame 5: 1. T Z. T

Frame 6

Suppose that current is starting to flow through a coil. The current causes
an expanding magnetic field which causes a back EMF to be induced in the
oil. The polarity of the back FMF is opposite to the polarity of the
pplied voltage across the coil, and it, therefore, tends to oppose the
ncreaae in current. The result is that the rise in current flow is coused to
ag behind the rise in voltage.

APPLIED VOLTAGE

/
BACK

0....

Emf

/''..\
/ CURRENT

-7%*A9
\

\t_.

//
\

PHASE
ANGLENGLE

....

90

CURRENT LAGS VOLTAGE BY 90

R - 7

The illustration above shows that the induced (back) EMF is always in opposi-
tion to the applied voltage, thereby causing current to be minimum when the
applied voltage is at its maximum value. Notice that current in the coil does
not reach its maximum value until the applied voltage has dropped to zero.
You can clearly see that there is 90 difference between the applied EMF and
current flow in the coil.

No Response Required.
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Frame 7

As current increases through the coil, energy is stored in the expanded
magnetic field. When the applied voltage starts to decrease from maximum
positive, the stored energy is returned to the circuit in the form of current
flow. This current flow is actually greater than the current flow caused by
the applied EMF alone.

When the negative portion of the applied voltage occurs, a similar action
takes place a' 'd maximum current will flow in the reverse direction at the
instant that t=ie voltage has decreased to zero from its maximum negative
direction.

Mark the following statements true (T) or false (F).

1. The applied voltage on a coil causes an induced EMF that is 180o
out of phase with the applied voltage.

2. The energy stored in the magnetic field can cause a greater current
to flow than the applied voltage does alone.

3. Current leads voltage by 900 in an inductor.

1176
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nswers to Frame
Frame 8

ome of the main physical characteristics of a coil that determine the amount
of its inductance are:

1 - number of turns (loops)

2 - spacing of the turns

3 - type of core

Let's first discuss the effect that the number of turns has on inductance.

Assume thet a coil has a given number of turns and is carrying a definite
amount of alternating current. If some turns are added to the original turns,
the current flow through the total number of turns will create a stronger
magnetic field. This stronger magnetic field will induce a greater back

MF in the original turns. In addition the stronger field also cuts the added
turns. Both of these factors cause an increase in inductance. Look at the
illustration below for a comparison of two coils with different numbers of
turns.

COIL "A"
TWO TURNS

COIL "B"
FIVE TURNS

Circle the letter of the correct responae to the following statements.

1. If the amount of current flow is the same in the coils above, coil
"B" has

a. less inductance than coil "A."
b. more inductance than coil "A."
c. a weaker magnetic field than coil "A."
d. the same strength maisietic field as coil

2. The inductance of a coil can be increased by

a. eecreasing the current flow through it.
b. increasing the current flow through it.
c. adding more turns.
d. decreasing the number of turns.

//////
11
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Frame 7

As current increases through the coil, energy is stored in the expanded
magnetic field. When the applied voltage starts to decrease from maximum
positive, the stored energy is returned to the circuit in the form of current
flow. This curreilt flow is actually greater than the current flow caused by
the applied EMF alone.

When the negative portion of the applied voltage occurs, a similar action
takes place and maximum current will flow in the reverse direction at the
instant that the voltage has decreased to zero from its maximum negative
direction.

Mark the following statements true (T) or false (F).

1. The applied voltage on a coil causes an induced EMF that is 1800
out of phase with the applied voltage.

2. The energy stored in the magnetic field can cause a greater current
to flow than the applied voltage does alone.

3. Current leads voltage by 90° in an inductor.

;/////
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Frame 10

he third main factor that affects inductance is the type of core being used.
he inductance of a coil is directly proportional to the permeability of the

_ore. (Remember that permeability is the ease with which a material passes

lo

iagnetic
lines of force.) Typical nonmagnetic core coils are those that are

ound on hollow porcelain cylinders and hollow cardboard cylinders. The
ore material in these coils is air. Magnetic-core coils are wound on cores
f soft iron. Since the soft iron core is very permeable, it provides an easy
ath for the magnetic lines and allows a much stronger magnetic field to
uild up. A greater back EMF is induced in the iron core coil as compared

the air core coils.

lace the letter of the statement in Column A in the appropriate spaces of
olumn B.

Column A Column B

- Increases inductance __1. Removing the iron core from a
coil.

2. Using close-winding method rather
than space - winding.

B - Decreases inductance
3. Decreasing the number of turns

of the coil.

4. Winding the turns farther apart.

i

5. Winding the tu: as in layers.

6. Using a soft iron core instead of
an air core.

1179
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Answers to Frame 10: 1. B 2. A 3. B 4. B 5. A 6. A
Frame 11

Familiarize yourself with the illustrations of various coils below. Sometim s
the word "choke" is used interchangeably with the word "coil."

LAMINATIONS

Laminated Iron-core Coil

AIR GAP

RADIO FREQUENCY COIL

401100111.

Fixed Tuning Coil

AIR CORE COIL

HMI

Windings

Hollow Card-
boardboard Cylinde

COMMON TYPE AIR CORE COIL

Nod Response Required.
14 1 180
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Mark the following statements trte (T) or false (F).

Frame 12

1. The left hand rule can be used to determine the direction of a rotating
magnetic field around a conductor if the direction of current flow is
known.

2. An inductor causes current to lag voltage by inducing a back EMF.

3. The .EMF that a coil induces within itself is called mutual inductance.

4. A coil has the ability to oppose any change in current flow because
it produces an induced EMF.

5. The ability of a coil to produce an induced EMF is called capacitance.

6. Inductance is measured in units called henries.

7. In a pure inductive circuit, the current lags voltage by 90o.

8. The current in a coil does not reach itc: maximum value until after
the applied EMF has reached maximum.

9. The amount of inductance of a coil is determined by its physical
characteristics such as number of turns, spacing of turn, and type
of core material.

10. Energy is stored in the expanded magnetic field of a coil.

11. Coils having soft iron core- provide less inductance than a
comparable coil that has a :ore of air.

12. When energy that is stored in the magnetic field of a coil is returned
to the circuit, a greater current is caused to flow than can be
caused by the applied EMF alone.

15
1



Answers to Frame 12: 1. T 2. T 3. F 4. T 5. F....

6. T 7. T 8. T 9. T 10. T

11. F 12. T
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OBJECTIVE

Identify components of an AC motor when given their purpose
with a minimum of 80% accuracy.

INSTRUCTIONS

NOTE: BEFORE PROCEEDING, REMOVE THE RESPONSE SHEET AT THE BACK OF THIS
TEXT. ENTER YOUR ANSWERS ON THE REMOVED RESPONSE SHEET

This programmed text presents information in small steps called frames.
Each frame is followed by some form of questioning. Immediately after
reading each frame, you will make the required response in the response
sheet. DO NOT MARK IN THE TEXT. Check your answer each time with the
correct answer shown at the top of each even numbered page. If you have
made the correct response go on to the next frame. If you have made an
incorrect response, reread the frame before going on to the next frame.
Be sure you understand the material presented in each frame before
continuing. Do not hurry!

Supersedes 3ABR42331-PT-126, 15 May 1980.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 1000; TTVSA - 1
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Friple 1

Since alternating current (AC) is the most widely used form of power,
most modern motors operate from an AC source. There are two general types
of AC motors used on aircraft. They are called synchronous and induction
motors. Either type of motor may use single or multiphase power. The
induction motor is more often used because of its simple construction
and reliability.

In the response sheet mark the following statements (T) true or (F)
false.

1. Two types of AC motors are induction and synchronous.

2. Induction type AC motors use single phase power only.

3. The induction motor is often used.

CHECK YOUR RESPONSE AT THE TOP OF PAGE 4.

Frapie 2

For the purpose of this text we will be primarily concerned with the
two parts of an AC motor. The pets are the ROTOR and the STATOR. When
assembled together inside a case they form an AC motor. It is the action
of these two parts that cause the motor to operate.

NO RESPONSE REQUIRED

Frame 3

The stator is mounted in a fixed position inside the motor case. Although
the stator doesn't move its purpose in an AC motor is to create a rotating
magnetic field for motor operation. The stator consists of a laminated iron
field pole assembly with insulated copper wire wound on the field poles.
The Field pole assembly is installed in a housing. When power is applied to
the STATOR windings the stator is said to be EXCITED.

In the response sheet mark the following statements (T) true or (F) false.

1. The stator of an AC motor does not move.

2. The stator creates a rotating magnetic field.

3. Th. stator consists of two copper poles and an iron housing.

CHECK YOUR RESPONSE AT THE TOP OF PAGE 4.

3
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CORRECT RESPONSES To FRAME 1: 1. T, 2. F, 3. T.

CORRECT RESPONSES TO FRAME 2: None Required.

CORRECT RESPONSES TO FRAME 3: 1. T, 2. T, 3. F.

Frame 4

The ROTOR is the portion of the AC motor that turns. There are two

types of rotors used in AC motors. They are the SQUIRREL CAGE and the

WOUND. The squirrel cage is more often used in environmental systems work

so we will confine our discussion to it. (See illustration). The squirrel

cage rotor has two end plates made of soft iron, a good conducting material.

These plates are connected together by iron rods (rotor conductors). The

iron rods are imbedded in the end plates to provide better conduction of the
magnetic lines of force. The rotor of an induction motor does not have any

electrical connections. The rotor has current flowing through it. Current

flowing in the rotor is INDUCED current from the stator. The induced current

in the rotor will create a magnetic field in the rotor. The magnetic field

in the rotor follows the rotating magnetic field of the stator.

ROTOR END
CONDUCTOR PLATE

SOFT
IRON

LAMINATED
CORE ROTOR

SHAFT

12 711

Fill in the missing information, in the response sheet, for the
following statements.

1. The current flowing in the rotor is

rho rotating magnetic field of the
to turn.

3. The rotor of an induction motor doesn't have

CHECK YOUR RESPONSES AT THE TOP OF PAGE 6.
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Frame 5

Since induction motors used in environmental systems work are primarily
reversible type, a brake assembly is sometimes used. The brake is designed
to prevent overtravel (coasting) of a motor after current has been turned off.
The brake is spring loaded ON and electrically disengaged. The illustration
shows one type of brake with the rotor and stator. The unit uses the magnetic
field of the rotor to disengage the brake. When power is applied the brake
disengages and the motor turns. When power is stopped the spring pushes the
brake against the brake disc stopping the motor. On AC motors that do not
use a brake, a limit switch that you studied in the text on DC motors is used.

BRAKE

DISC

In the response sheet mark the following statements (T) true or (F) false.

1. Most AC motors used in environmental systems work are reversible.

2. The brake is spring loaded ON and electrically disengaged.

3. Some AC motors use limit switches to prevent overtravel.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 6.

1
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CORRECT RESPONSES TO FRAME 4: 1. induced, 2. stator, rotor,
3. electrical connections.

CORRECT RESPONSES TO FRAME 5: 1. T, 2. T, 3. T.

Frame 6

To understand how an AC motor operates, an understanding of AC phase
relationships is necessary. The illustration shows the sine waves for
single, two- and three-phase power. Figure A shows the sine wave for
single-phase power, you studied in an earlier text. Figure B shows the
sine wave for two-phase AC power. Phase 1 is indicated by the white sine
wave and phase 2 by the black sine wave. Phases 1 and 2 are two independent
power supplies coming from the sane source. These power supplies are 90
degrees out-of-phase. This means that by moving 90 degrees from the zero
reference point phase 1 is at maximum value. At the same time phase 2 is
at zero. Move 90 degrees further to the 180 degree point, phase 2 is at
maximum. Phase 1 has dropped to zero. The phase changes occur in much
the sane manner in figure C except the three-phase power is 120 degrees
out-of-phase. A study of the sine waves will show that each of the phases
shown in figures B and C are at a different value at the same point in time.
Because of this, each phase can be connected to different sets of poles in
an AC motor to create a rotating magnetic field.

C

A

S PHASE I

PHASE 2

PHASE I
1=1

PHASE 2

PHASE

2.45E2
-am

PS
_

lu this tospo =e sheet mark the following statements (T) tr.A;

1. Hlree-phase power has three independent pflwer %,44-,Ife%
ommon source.

1W-phase power is 90 degrees out-of-pha:,;:.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 8.

6
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Frame 7

The stator is excited by applying AC power to the windings around
the stator poles. This will establish a rotating magnetic field for motor
operation. The magnetic field moves from pole piece to pole piece as the
applied AC power changes value. The illustration shows the rotating magnetic
field of a 2-phase AC motor. Phase 1 is connected to the poles marked A and
A'. Phase 2 is connected to the poles marked B and B'. The position of the
magnetic field in relation to applied current values can be seen by comparing
the sine waves in figure A with figures B, C and D. At point B of figure A
phase 1 is at maximum value. At the same time phase 2 is at zero. The
magnetic field will be as shown in figure B. Current flow will be in the
direction as shown by the black arrow. At point C both phase 1 and 2 are
NEAR maximum and the magnetic field moves clockwise. Indicated by the
black arrow in the center of figure C. With current at the values of
point D the magnetic field is as you see it in figure D.

PHASE 2

D

Fill in the misqing information in the respon. 'or thf: followinw,
statements.

1. At point D of figure A phase 1 is at and phase 2 is

2. The stator is excited by applying AC power to the
around the

3. Phase 2 is connected to the poles marked and
4. The magnetic field moves in a direction.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 8.

7
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CORRECT RESPONSES TO FRAME 6: 1. T, 2. T.

CORRECT RESPONSES TO FRAME 7: 1. zero maximum, 2. Windings, stator poles,

3. B-B', 4. clockwise.

Frame 8

Current flow is induced into the rotor by the magnetic field of the
stator. You must know the direction of the induced current to determine
which direction torque is applied to the rotor. The direction of inducei
current can be found IF the direction of conductor motion and the direction
of the magnetic field are known. This is done by using the LEFT HAND
GENERATOR RULE. The rule states "using your left hand, extend your thumb,
index and middle fingers at right angles to one another. (See illustration).
Position your hand with the thumb pointing in the direction of conductor
motion. Point the index finger in the direction of magnetic lines of force
(north to south). Your middle finger will point in the direction of induced
current flow.

CONDUCTOR
MOVED UP

------ FLUX FORWARD

INDUCED
EMF

LEFT
HAND

N

In the response sheet mark the following statements (T) true or (F) false.

I. The left hand generator rule will give you the direction of
conductor mollon.

7. Curren! I low Is Induced into the rotor.

I. The dIreeflon 01 Induced current can be found by using the left
h0ud geuet.0.0 rule.

clicr YOUR RESPONSES AT THE TflP or PACE 10.
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Frame 9

The illustration shows you how current is induced into the rotor.
The figures A, B, and C show the CONDUCTORS of the rotor between the north

and south poles of the stator. The magnetic field of the stator is rotating
counterclockwise. Remember the stator does notmove, the magnetic field moves.
Motion of the rotor conductor RELATIVE to the stator field is CLOCKWISE
(figure A). Use the left hand rule. The conductors on the LEFT are moving
UP relative to the stator field. Point the thumb of your left hand toward
the top of tie page. Point the index finger in the direction of the stator
field (north to south). Your middle finger will show that current flow in the
LEFT conductors is toward you. Motion of the RIGHT conductors is toward the
BOTTOM of the page. Point your left thumb toward the boptom of the page
with the index finger pointing from north to south on the stator field.
Your middle finger will show current flow into the page. Current flow in
the rotor will cause the stator field to move as shown in figure C. Because
the rotating magnetic field and torque are in the same direction the rotor
will follow the rotating magnetic field of the stator.

'--------\
( 9:xibiOt 1

$
wrizzu.

`:.' is 0\ 1
- INDUCING A CURRENT INTO

THE tAIITOR 03NDUCTORG

0

A RESULT ING
V TORO,*

MUM*

CONDUCTOR MOTION
TORQUE

In the response sheet mark each statement either (T) true or (F) false.

1. In figure A relative conductor motion is clockwise because the
magnetic field is moving counterclockwise.

2. Torque is in the same direction as the rotating magnetic field.

3. Using the left hand generator rule the thumb is pointed in the
direction of conductor motion.

4. The stator conductors turn between the poles of the rotor.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 10.

9
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CORREa RESPONSES TO FRAME 8: 1. T, 2. T, 3. T.

CORRECT RESPONSES TO FRAME 9: 1. T, 2. T, 3. T, 4. F.

Frame 10

For Induction to take place the rotating magnetic field must move faster
than the rotor. Thts Is because the magnetic field of the stator must pass
through the rotor conductors to induce current. IF the rotor was turning at
the same speed as the stator field the conductors lad lines of force would
be aligned and no induction could take place. The magnetic field of the
stator always sweeps through the rotor conductors slightly faster than rotor
speed. This induces current into the rotor which in turn develops torque.
The difference between the speed of the rotating magnetic field and the
speed of the rotor is called SLIP.

Fill in the missing information in the response sheet for the following
statements.

1. The magnetic field of the stator must move than
rotor speed.

2. Inducing current into the rotor produces

3. Difference between the speed of the stator field and rotor speed
is called

4. Inducing current into the rotor the stator field must turn
than the

CHECK YOUR RESPONSES AT THE TOP OF PAGE 12.

Frame 11

It was stated in earlier frames that AC induction motors may operate
on single two- or three-phase power. Two- and three-phase motors have a
rotating magnetic field, because the phases are connected to different sets
of stator poles. Remember, each phase is an independent power source. The
two-phase motor has power 90 degrees out-of-phase. The three-phase motor
has power 120 degrees out-of-phase. What about single-phase motors? There
is no phase difference with single-phase power. A motor which operates on
single-phase power is not self starting. It DOES NOT have a rotating
magnetic field. Operation of a single-phase motor is accomplished by
connecting the internal wiring of the motor in different ways. How this
is done will be discussed in the following frames.

In the response sheet mark the following statements (T) true or (F) false.

1. A single-phase motor is not self starting.

2. The phases of two-phase power are 90 degrees apart.

3. Single-phase power is phased 120 degrees apart.

4. Operation of a single-phase motor is by connecting the wiring of
the motor in different ways.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 12.

10
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Review Frame 12

Match the items listed in column A with those listed in column B.
Mark your answer in the response sheet.

Column A Column B

1. Rotor A. Has no .otating magnetic field.
2. Stator B. Has AC power applied.
3. Single-phaa motor C. Has AC power induced.
4. Slip O. Difference in rotor and stator. speed.
5. Torque E. Is applied to the rotor.

CHECK YOUR RESPONSES AT THE LOP OF PAGE 12.

Frame 13

As stated in if,Latmc 11 a motor which operates on Vii le-phase power
is not self starting. Because of this a single-phase motor designed to
operate like a two-phase motor. This is ,accomplished by co .cting an auxiliary
(starting) winding in parallel with the main (running) wind. g. Lolt at the
illustration. The main winding is labeled A and Ai, the auxiliary winding is
labeled B and Bl. Lotted lines identify the auxiliary winding. Notice the
centrifugal switch located in the motor starting circul,. A motor with this
type of connection is called a split-phase motor. The auxiliary winding may be
conne:ted permanently or disconnected by the centrifugal sletch, after the motor
has started running. As stated in previous frames an out-of-phase condition is
required tc produce a rotating magnetic field. In a split-phase motor the out-
of-phase condition is dbLaiaed in several ways. In the illustration the out-of-
phase condition is obtain(d by placing high resistance in the auxiliary (starting)
winding and high inductance in the main (running) windini. While the motor is
starting both windings will have current flow. The centrifugal switch will dis-
co--sct the auxiliary winding at approximately 75% of motor speed. After the
u has started the force of the turning rotor will maintain motor operation.

A
SINGLE.
PHASE
INPUT

CENTRIFUGAL
SW.ICH

rill In III. mi:;sinA information for the following statements in the
ilinnpn, 014,01 .

anxtliavv winding may be disconnected by a

lho anxiliary winding may also be cal led a winding.
tie main winding is sometimes caL'ed the winding.

4 A motor connected in parallel is called a

CHECK YOUR RESPONSES AT THE TOP OF PAGE 12.

11
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CORRECT RESPONSES TO FRAME 10: 1. faster, 2. torque, 3. slip, faster,
rotor.

CORRECT RESPONSES TO FRAME 11: 1. T, 2. T, 3. F, 4. T.

CORRECT RESPONSES TO FRAME 12: 1. C, 2. B, 3. A, 4. D, 5. E.

CORRECT RESPONSES TO FRAME 13: 1. centrifugal switch, 2. starting,
3. running, 4. split phase.

Frame 14

In our discussion of AC motors, the rotor is moved by two forces. The
force of the rotating magnetic field (frame 7) and the torqueing action as
the magnetic field around the rotor conductors act on the stator field
(frame 9). At this point we will discuss a THIRD force which will make the
rotor turn. As stated earlier when the rotor turns it has current induced
into it. This will cause the entire rotor to be magnetized. The magnetic
field of the rotor will be in a position that will cause the rotor field to
be attracted to the stator field. The illustration shows the magnetic field
of the rotor with the south pole at the top and north at the bottom. The
south pole of the rotor will be drawn to the north pole of the stator. The
north pole of the rotor is pulled toward the south pole of the stator. The
magnetic field of the rotor always remains in a fixed position. The rotor
andipstator poles will never become aligned. Although the poles will never
align themselves the force which will cause them to try is present in the rotor.

Mark the following statements (T) true or (F) false in the response sheet.

1. The rotor of AC motor will be magnetized.

2. The rotor field will be aligned with the stator field.

3. The rotor is acted upon by three forces.

CHECK YOUR RESPONSES AT THE 1-0,' 14.

12
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Frame 15

A motor with a resistance in the starting winding doesn't have a high
starting torque. This is because the resistance does not create a very
large phase difference between the current flow in the starting winding
and current flow in the running winding. Where a higher starting torque
is needed, a motor with a capacitor wired in the starting circuit is often
used (figure B). This circuit arrangement will cause the current in the
starting winding to lead the current in the running winding (figure A).
As a result a two-phase EFFECT is achieved. There is more of a difference
between the phases in this type of motor than one with resistance in the
starting windings. Because of the phase difference a higher torque will
result.

MAIN WINDING

AUX WINGING /

A

LINE

4 5 9 1356 1$00 2 2 V' 270 31 36 360*

CAPACITOR

STARTING.
AUXILIARY
WINDING

110NASt
INPUT

Fill in the missing information for the following statements in the
response sheet.

1. More starting torque is obtained by connecting a
in the starting winding.

2. A capacitor is connected in the motor to achieve higher

RUNNING
WINDING

3. In a split-phase AC motor a phase effect is obtained.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 14.
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CORRECT RESPONSE TO FRAME 14: 1. T, 2. F, 3. T.

CORRECT RESPONSE TO FRAME 15: 1. capacitor, 2. starting torque,
3. two.

Frame 16

The AC motor most often used in environmental systems is the reversible

AC motor. Reve,sible single-phase motors will be equipped with two stator
windings. Supplying power to one winding will cause the motor to turn
clockwise. Applying power to the other winding will turn the motor counter-

clockwise. In the reversible type motor the centrifugal switch is not used
and the starting and running windings are permanently connected.

Mark the following statements (T) true or (F) false in the response she

1. A reversible single-phase AC motor is equipped with two stator
windings.

2. A reversible AC motor uses two centrifugal switches.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 16.
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Frame 17

In places where high starting torque and relatively quiet operation
is needed a three-phase motor is used. The rotating magnetic field of a
three-phase motor creates a more constant torque than the fields of split
and two-phase motors. This is because more motor poles are zeceiving
power at a given time. Other than that the operation of a three-phase
motor is very much like a two-phase motor. The illustration will show
you how a three - phase motor is connected electrically. Notice that there
are three separate paths for current flow to three sets of motor poles.

A
PHASE

8
PHASE

MOTOR -3 PHASE

C 41
PHASE

NO RESPONSE REQUIRED

15
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CORRECT RESPONSES TO FRAME 16: 1. T, 2. F.

CORRECT RESPONSES TO FRAME 17: None Required.

Frame 18

The illustrallon shows the rotating magnetic field of a three-phase
AC motor. Figure 6 of ustration shows phase A connected to poles A
and Al, phase B to poles Bl, and phase C to poles C and Cl. Using
figure 1 as a guide and comparing it to figures 2 through 5 the figures
will show how a rotating magnetic field is achieved. Point 2 of figure 1
shows phases A and B at near maximum value while phase C is at zero. The
magne,Ac lines of force are as shown in figure 2. The rotating magnetic
field will be moving counterclockwise. Now move down the time line
(figure 1) to point 3. At point 3, phase A is at zero and phases B and C
are near maximum. This will cause the magnetic field to rotate counter-
clockwise to the position shown in figure 3. Compare points 4 and 5
(figure 1) and figures 4 and 5 and notice how the field continues to
rotate counterclockwise. A check of points 2 and 5 (figure 1) and
figures 2 and 5 will show that both current and the magnetic poles of
the motor have changed polarity. Point 6 is the place where the motor
will complete 360 degrees rotation. The current values of point 6 are the
same as they were at point 2.

Mark the following statements (T) true or (F) false in the response
sheet.

1. The current values at points two and six of figure 1 are the same.

2. The magnetic poles of the motor will change polarity as the current
changes polarity.

3. From point two to point six the motor makes one complete turn.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 18.
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PHASE A

PHASE B

PHASE C '

POINT 2

Figure 2.

Figure 1.

Figure 3.

TIME

Figure 4.

Figure 5.

17
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CORRECT RESPONSE TO FRAME 18: 1. T, 2. T, 3. T.

Frame 19

A single-phase motor is reversed by sing two stator windings.
Reversing a three-phase motor is done differently. The direction of
rotation of a three-phase motor is reversed by reversing the connections
on any two of the three phases. The illustration shows you two AC motors.
These two motors will turn in opposite directions because A and B phases
have been reversed on the right hand motor. Reversing the phases will
reverse the direction of the rotating magnetic field and also motor
direction. Reversing a three-phase motor is done using a relay circuit
which you will study in your next text.

A PHASE MOTOR3 PHASE B PHASL MOTOR3 PHASE

Fill in the missing information for the following statements in the
response sheet.

1. Reversing two phases of a three-phase motor will change the
direction of the field.

2. Reversing a three-phase motor can be done using a
circuit.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 20.

12
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Frame 20

The rotor of an induction motor turns at a slower speed than the
rotating magnetic field of the stator. The difference in speed is called
SLIP. Slip is necessary in an induction type motor because if the rotor
turned at the same speed as the rotating magnetic field no current would
be induced. The speed of the rotating magnetic field is called SYNCHRONOUS
SPEED. An AC motor which is designed to turn at the same speed as the
rotating field of the stator is called a synchronous motor. A syrchronous
motor is used where exact speed regulation is necessary. The ROTOR of a
synchronous motor is made of permanent magnets or is magnetized from an outside
DC power source. Because the north and south poles of the rotor do not change
the rotor will turn at synchronous speed. The speed of a synchronous motor
is proportional to the AC frequency. The motor can be used to drive precision
units if frequency is closely adjusted.

Mark the following statements (T) true or (F) false in the response
sheet.

1. The difference between the speed of the rotor and the speed of
the rotating magnetic field is called SLIP.

2. The rotor of a synchronous motor can be made of permanent magnets.

3. The speed of the rotating magnetic field is called induction.

CHECK YOUR RESPONSES AT THE TOP OF PAGE 20.
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CORRECT RESPONSES TO FRAME 19: 1 rotating, magnet, 2. relay.

CORRECT RESPONSES TO FRAME 20: 1. T, 2. T, 3. F.

CORRECT RESPONSES TO FRAME 21: None Required.

Frame 21

The illustration will show you how several different types of AC motors
will appear an a wiring diagram. Figure A shows a reversible single-phase
motor. Figure B is a two-phase motor. The two figures marked C and D are
two methods of wiring a three-phase motor. The three-phase motor is generally
equipped with a ground wire to prevent electrical shocks but it is not
necessary for motor operation.

NO RESPONSE REQUIRED

IIItA (INN! ( HUN

III-H73A22N

1109'
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WYI )1+ V OriNfrTION

END OF TEXT
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Environmental Pneudraulics Branch 3ABR42331-WB-116
Chanute AFB, Illinois

AC MOTORS AND CONTROL CIRCUITS WIRING DIAGRAM

OBJECTIVES

Using an electrical diagram, specify a minimum of 8 out of 10
circuit malfunctions, when given the cause and circuit conditions.

EQUIPMENT

Colored Pencil Set

PROCEDURE

Pay close attention to all directions that you are given in the
workbook. When performing in the workbook, such as tracing or
solving problems, if your response is incorrect, restudy the informa-
tion. At the end of this workbook, you will have a progress check
which will be graded by your instructor. If you are ready to begin
and have no questions, proceed with the lesson.

In this section you will become familiar with an AC circuit
as shown in figure 1, page 24 in Part 3 of this workbook. It is
designed to operate and reverse the operati of single phase and
three phase motors. You will learn this by tracing the individual
circuits which make up the entire circuit. Let us begin by dis-
cussing the system's switches.

The three (3) switches in the circuit which control the body
crossover manifold valve and strut #3 bleed valve are the manifold
valve switch, master switch and bleed selector switch. The two (2)
switches in the circuit which control the open and close control
relays, used to control the modulating valve, are the master switch
and the manual switch. You will use this workbook, Parts 1, 2, and
3, to complete the lesson objectives

Part 1 consists of instructions and confirmations. Part 2
consists of figures. Begin with Exercise I.

Note: You may remove Part 3 from Part 2 for ease of tracing
if you so desire.

Supersedes 3ABR42331-WB-126, 17 September 1980.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 500; DAV - 1
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PART 1

Exercise 1

In this exercise, we will trace power to the manifold valve
switch. You will use a red pencil and figure 1 in Part 3 of this
workbook.

1. Trace from Point A on the 118-205V, three phase, 400 Hertz
AC bus bar, to the junction point of wires H200A20 and H400A20.
Keep in mind that both wires use the same circuit breaker. For the
time being we will trace only H200A20.

2. Trace up wire H200A20 to the manifold valve switch-pole A
and the jumper wires to poles B and C. You have now applied power
up to the manifold valve switch.

3. Turn to page 14 in Part 2 for confirmation. If you have
traced this correctly, transfer what you have traced to foldout 1
in Part 3 of this workbook.

Exercise 2

In this exercise, we will trace the manifold valve switch in
the open position. You will use a dark green pencil and figure 1
in Part 3 of this workbook.

1. Draw the manifold valve switch to the open position, by
moving the armature of the switch down to Points 2 and 4. Notice
the broken line between the two contacts. This indicates that the
armatures are joined together by a single switch. If one armature
moves, the other moves, in tho same direction at the same time.
This allows us to control two or more paths of current flow with a
single switch.

2. Trace from Point 2, across wire H220A20 to Point 1 on the
bleed ,,elector switch.

3. Trace along wire H220B20 to pin B of the body crossover
manifold valve connector plug. Remember this is a single phase AC
motor. It has a capacitor start winding. In order to apply power
to the motor correctly, we must trace it in the following manner.

4. Trace from pin B of the body crossover manifold valve
connector plug, to the microswitch (open). Draw the microswitch
closed.

5. Trace from the microswitch up to Lhe capacitor.

6. Trace through and to the other side of the capacitor. You
have now applied power to both windings.

7. Trace through both windings and out to Pin C of the valve.

3
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8. Trace from Pin C down wires H310B2ON, H310D2ON and along
H310E2ON and on out to ground on the bus bar.

9. Go back to Point 4 of the manifold valve switch. Trace
from this point along wire H240A20 to Point 4 of the bleed selector
switch.

10. Trace from the bleed selector switch to Pin B of the
strut #3 bleed valve connector plug.

11. Remember this is a single phase motor. You must trace
it in the same manner as you did the body crossover manifold valve.
Trace the capacitor and the windings and on out Pin C.

12. Trace from Pin C on out to ground at the bus bar. You
will notice that wire H310D2ON and H310E2ON ground wires are shared
by both single phase AC valves.

13. The body crossover manifold and strut #3 bleed valve are
now open. Also, notice, with the manifold valve switch in the open
position, the master switch and bleed selector have been bypassed.
Turn to page 15 in Part 2 of this workbook for confirmation. If

you have traced this correctly, transfer what you have traced to
foldout 1 in Part 3.

Exercise 3

Now we will look at the manifold valve switch in the closed
position. You will use a dark blue pencil and figure 2 in Part 3
of this workbook.

1. Draw the manifold valve switch armature(s) to the closed
position.

2. Trace from Point 1 to pole A and stop.

3. Trace from Point 3 to pole B and stop.

4. With the manifold valve switch in the closed position,
power is supplied to the master switch. This switch has two
positions, Rai or up position and PRESSURE or down pcsition. This

switch is also made, so that if one armature moves, all three
armatures move.

5. Trace the master switch in the RAM position as shown.

6. Trace from pole A to Points 1 and 2, and then over to

Point 3 of the bleed selector switch.

7. Trace down and over to Pin A of the strut #3 bleed valve

connector plug.

4
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8. Trace through the microswitch (closed), windings, capacitor
and on out Pin C of the valve.

9. Trace from Pin C to the ground on the bus bar. This valve
will now close.

10. Trace from pole B of the master switch to Points 5 and '
of the master switch.

11. Trace 1 om Point 6 of the master switch to Point 2 of the
bleed selector -witch.

112. Trace from Point 2 of the bleed selector switch to Pin A
of tne body crossover man.i..:old valve.

13. Trace through the valve, in c.,e same manner as you d_d the
strut #3 bleed valve, to Pin C of the body crossover manifold valve.

14. Trace from Pin C to ground on the bus bar. You will
notice the H310D20N and H310E2ON are abLin shared by both valves.

15. This valve is now closed. Remember, with the manifold
valve switch in the closed position, the master switch in the RAM
position, the bleed selector switch has been bypassed.

16. Turn to page 16 for confirmation it Part 2.

17. If you have traced this exercise correctly, transfer what
you have traced to foldout 1 in Part 3 of this workbook.

Exercise 4

Let us see what will happen with the master switch in the
PRESSURE position. You will use an orange pencil and figure 3 in

Part 3 of this workbook.

1. Draw the manifold valve switch the closed position.

2. Draw the armature of the master switch to the PRESSURE
(down) position.

3. Tra._e from Point 1 of the manifold valvt switch to the

master sw4tch pole A.

4. Trace through the master switch to the bleed selector.

switcl.

5. Trace through tie bleed selector switch to Pin B oi the
body c.,:onsover manifold valve.

6. Trace th- bb the valve and windings to Pin C of the valve.

5
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7. Trace from Pin C to ground on the bus bar.

8. Go back to Point 3 of the manifold valve switch and trace
from there to the maE-,r switch.

9. Trace from he master switch to the bleed selector switch.

10. Trace through the bleed selector switch to Pin A of the
strut #3 bleed valve.

11. Trace through the valve and windings, and out to ground
on the bus bar.

'

12. You can see, with the master switch in the PRESSURE
position, power is always applied to the close side of the strut #3
bleed valve, to insure that the valve stays closed.

13. Turn to page 17 for confirmation in Part 2.

14. If you have traced this exercise correctly, transfer
what you have traced to foldout 1 in Part 3 of this workbook.

Exercise 5

The bleed selector °witch in figure 4 in Part 3 of this workbook
is shown in the normal position. Let us see what will happen when
you place the bleed selector switch in the alternate position. You
will use a light blue pencil and figure 4 in Part 3 of this torkbook.

1. Trace the manifold valve switch in the closed position.

2. Trace the master switch to the PRESSURE position.

3. Trace the bleed selector switch to the alternate position.

4. Trace from Point 1 on the manifold valve switch to the
master switch.

5. Trace through the master switch to the bleed selector ...witch.

6. Trace through the bleed selector switch to Pin A of the
body crossover manifold valve connector plug.

7. Trace from Pin A through the valve and windings to Pin C
of the valve.

8. Trace from Pin C to the ground on the bus bar.

9. Go back to Point 3 of the manifold valve switch and trace
from there to the master switch.

6
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10. Trace through the master switch to the bleed selector switch.

11. Trace through the bleed selector switch to Pin B of the

strut #3 bleed valve connector plug.

12. Trace through the valve and windings and to Pin C of the

valve.

13. Trace from Pin C out to the ground at the bus bar.

14. This will cause the body crossover manifold valve to close
and the strut #3 bleed valve to open.

15. Turn to page 18 for confirmation in Part 2.

16. If you have traced this exercise correctly, transfer what
you have traced to foldout 1 in Part 3 of this workbook.

Note: Before we continue, let's take a look at the ground
wire for the body crossover manifold valve and the strut #3
bleed valve. If H310B2ON is broken, only the body crossover
manifold valve won't work. If H310C2ON is broken, only the

strut #3 bleed valve will not work. Each wire is common

only to that valve. However, if H310D2ON or H310E2ON is
broken, neither v lve will work.

Exercise 6

You have learned that the master switch has three armatures.
You have already traced wiring for tuo of these armatures. Let's

now trace the wiring that is connected to the third armature. You
will see that this armature allows 28V DC power to go to the manual
switch, which in turn controls the relay(s) and the relay(s) control
the 3 phase modulating valve. You will also learn where the power

for the three phase motor comes from. For this exercise, you will
use a brown and a red pencil and figure 4 in Part 3 of this workbook.

1. With a brown pencil, trace the master switch to the

PRESSURE position. Remember all three armatures move down at the

same time.

2. With a brown pencil, trace from the positive connection
of the 28V DC bus bar to pole C of the master switch.

3. With a brown pencil, trace through the switch and down to

the manual switch and stop.

4. Go back to the AC bus bar.

5. With a red pencil, trace from circuit breaker A to pole B2

of the open relay.

7
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6. With a red pencil, trace through armature (B2-B3) to Point B3
of the close relay.

7. With a red pencil, trace from circuit breaker B of the bus
bar to pole C2 of the open relay.

8. Trace through armature (C2-C3) to Point C3 of the close
relay.

9. Trace from circuit breaker C to pole D2 of the open relay.

10. Trace through armature (D2-D3) to Point D3 of the closed
relay.

11. Turn to page 19 for confirmation in Part 2.

12. If you have traced this exercise correctly, transfer what
you have traced to foldout 1 in Part 3 of this workbook.

13. Let's go back and review what you have just traced. As
you have already seen, the power for the manual switch is 28V DC.
The manual switch controls the open and close relays, which in turn
control the modulating valves three phase motor. Power for the
three phase motor comes from the 3 phase AC bus bar. This 3 phase
control circuit is now ready for a signal. This signal will cause
the 3 phase modulating valve to open or close. The manual switch
controls this signal.

Exercise 7

We are now going to trace the circuit that will close the
modulating valve. You will use a light green pencil and figure 4
in Part 3 of this workbook.

1. Draw the manual switch to the closed position. Remember,
in Exercise 6 you traced power to the manual switch in brown.

2. Trace from the manual switch to Pin I of the modulating
valve.

3. Trace from Pin F, through the close limit switch, to
Pin E of the modulating valve.

4. Trace from Pin E to X1 of the close relay.

5. Trace from X1 to X2 of the close relay coil.

6. Trace from X2 to ground on the negative point of t;le
28V DC bus

7. Draw the three armLtures of the close relay to the
energized (down) position.

8. Trace phase A from Point Bl of the close relay to Pin A
of the modulating valve connector plug.

8
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9. Trace Through the valves AO (phase) winding to Pin H of the

modulating valve.

10. Trace from Pin H to ground on the bus bar,

11. Go back to the relay and trace phase B from Point Cl to

Pin B of the modulating valve.

12. Trace through the valves BO windIng and on out to ground

at the bus bar.

13. Start again at the close relay and trace phase C from

Point D1 to Pin G of the modulating valves connector plug.

14. Trace from Pin G through the valves CO winding to Pin H

and on out to the ground on the bus bar.

15. The modulating valve will now close, wit'. all three phases

of power applied.

16. Turn to page 20 for confirmation of what you have traced.

17. If you have completed this exercise correctly, transfer

what you have traced to foldout 1 in Part 3 of this workbook.

Exercise 8

We will now see what will happen if the manual switch is in the

open position. For this exercise, you will use a purple pencil and

figure 5 in Part 3 of this workbook.

1. Draw the manual switch to the open position.

2. Trace from the manual switch to Pin D of the modulating

valve.

3. Trace from Pin D of the modulating valve, through the open

limit switch (insure that this limit switch had been traced to the

closed position and the close limit switch to the open position) to

Pin C of the modulating valve.

4. Trace from Pin C through the open relay coil to ground on

the 28V DC bus bar.

5. The open relay is now enetgizei.

6. Draw the armature -f the open relay to the energized

(down) position.

7. With this open relay energized, the close relay is de-

energized. This is caused by the operation of the limit switches

within the modulating valve. If you have forgotten limit switch

operation, refer back to the wiring diagram on DC Motors workbook.

9
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8. With the open relay energized, we can trace 3 phase power to
the modulating valve. Trace phase A from Point B1 of the open relay
to Point Cl on the close relay.

9. Trace from Point Cl of the close relay to Pin B of the
modulating valve.

10. Trace through the motor BO winding and out to the ground
on the bus bar..

11. Go back to the open relay. Trace phase B from Point Cl to
Point Bl of the close relay.

12. Trace from Point Bl of the relay to Pin A of the modulating
valve.

13. Trace through the motor AO winding and out to ground on
the bus bar.

14. Go back to the cpen relay and trace phase C from Point D1
to ioint Dl of the close -elay.

15. Trace from Point D1 of the relay to Pin G of the
modulating valve.

16. Trace through the motor CO winding and out to ground on
the bus bar.

17. The valve 30 motor will now go in the opposite direction
and open. This is caused by reversing two phases of power to the
motor windings. Phase A and B are reversed to the A and B phase
motor windings on Pins A and B at the motor.

18. Notice the power direction when only the close relay is
energized. The power leaves Point A of the AC bus bar and travels
to Pin A of the modulating valve. The power that leaves Point B
of the AC bus bar goes to Pin B of the modulating valve.

19. Also notice the direction of the power with only the open
relay energized. The power that leaves circuit breaker A of the
AC bus bar is now going to Pin B of the modulating valve, and the
power from circuit breaker B is now -ping to Pin A of the valve.
The CO remains the same with either relay energized.

20. Turn to page 21 for confirmation of what you have traced
in this exercise.

21. If you have traced this exercise correctly, transfer
what you have traced to figure 6a in Part 3 of this workbook.
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Note: Another point to remember is that the modulating valve
is a three phase motor. If you will recall from your AC Motor
programwdd text, a three phase motor does not require an
external ground for motor operation. This means that even
though all three phases are connected to ground wire H310A2ON
and in turn H310E2ON, an open in either or both of these wires
will have no effect on the operation of the modulating valve.

Note: Wire H300C20N is a ground wire shared by both open and
close relay ground.

Now that you have traced the individual circuits, you should
be ready to solve some circuit malf:nctions.

Using figures 6b and 7, you will identify the circuit malfunction(s)
in the AC Motor Control Circuit which are all caused by open circuit(s).
You will place one or more "X'x" in the block(s) which will give you the
correct circuit malfunction. The first one has been done for you.

The second one you must do for practice and have it checked by
your instructor before you proceed to the problems in the performance

test. Keep in mind as you do each problem, you must mark only the
malfunctions that directly relate to each problem.

PRACTICE PROBLEM 1

First look at figure 7 and rind practice problem #1, then, using
figure 6b, look for problem #1 in the AC Motor Control Circuit.
After you have found #1 on figure 6b, you will see that 't points to
an open positive wire for both single phase valves. Remember that all
the problems given in this exercise are open circuits.

1. Figure 7 gives you the answer sheet for practice problem #1.

2. Figure 6b gives you the location of the open circuit H200A20
the positive lead for bo^:h single phase motor valve assemblies.

Note: An "OPEN CIRCUIT" may be a condition of electrical
circuit caused by the breaking of continuity of one or more
of the conductors of the circuit; usually an undesired con-

dition. It may also be a circuit which does not provide a
complete path for current to flow.

3. Look at figure 6b and place the manifold valve switch, master
switch, and the bleed selector switch in any combination of positions,
you should then find that the body crossover manifold and strut nur'er
3 bleed valve will not operate. You will also find that wire H200A2u
is not used in any way to support the operation of the modulating valve.
Now examine figure 7 and you will find how this problem number 1 has
been marked for you.
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If you have any questions on how this problem was marked, ask your
instructor at this time.

PRACTICE PROBLEM #2

You whould be able to complete this practice problem on your own
using figures 6b and 7. If you are not sure, consult your instructor
at this time.

When you finish the practice problems, have them checked and
signed off by your instructor before you progress.
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PART 2

Confirmation(s) for Exercises 1 through 8.

13
1215



MANIFOLD
VALVE SW

CLOUD

142101120

H1301120

NORMAL

1010A70 I
1

A

I
I

. 2I 1.370040Al

C 4

Oltiss L I 1 sir
030070

1

I...
N7s0A 20

ALTUNATI

.---. 1000A 30 '-21214P
SOISSURt 1

H100170

MASTER
SWITCH

BLEED
SELECTOR SW

SOOT CROSSOVER
MANHOLE/ VALVE

Ps

H240630

HS 705 3
3R

400 CMS AC
STRUT NO. 3
SUED VALVE

63

37
M100AMA

1 CI
mt0A20,

I
I CI J.*

03z.jr_.___I°3
02

ms20120.: 101
H .70A 70C

I H120C 20C

JWOC

3/1

IlitA6
OLIN

M300670N A.,
1000070/4 ... 01300/6,70N

I
DI

I xt
HHOSIO

XI

10.....0:N

OFF

e`--J
CMS(

MANUAL
SWITCH

.........MII0A70

70170070

NOTE: The bold lines above are RED.

11131

Part 2, Exercise 1 Confirmation.
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OBJECTIVE

Specify basic facts relating to solid state devices with a
minimum of 80% accuracy.

INSTRUCTIONS

This program text presents information in small steps called "frames."
After each frame you are asked to complete a statement or match some
statements. Read the material presented and make your response as directed.
After you have made your response, compare your answer with the correct
answer given on the page following each frame. If your answer is incorrect,
restudy the frame to get the information correct. Write the correct
answer next to your original response and then proceed to the next frame.
If necessary, you may go back to check information previously given, but
do not skip ahead.

INTRODUCTION

Solid state devices are miniature electronic components used to
control or amplify current in an electroni'. circuit. The solid state
devices that will be described in this text are PN junction diodes,
Zener diodes, and transistors.

Supersedes 3ABR42331-PT-127, 28 May 1980.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 800; DAV - 1
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The PN junction diode is used in almost every temperature control circuit.

This text will describe huw the FN junction diode is constructed, how it reacts

to changes in current flow, and its purpose in today's temperature control

circuits.

The Zener diode is similar to the PN juncti,, , except that its function

in a circuit is different. This text will explain how the Zener diode is

used as a control devic ,l. and how it Is used to regulate voltage.

The transistor also operates on the sane principles as. the PN junction diode.

In this text you will be shown has the transistor operates and how it is

used in a temperature control circuit.

Understanding the operating principles of these three devices is very

important widen studying the operation of temper.'ce control systens-

3
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FRAME 1

To understand the principles of solid state devices, we must have a short
review of electron theory. An atom is made up of PROTONS, NEUTRONS, and
ELECTRONS. The protors and neutrons make 1p the center part of the atom
whia called the NUCLEUS. The electrons are held in orbit around the
nucleus. This is shown in the sketch below. Electrons have a negative
charge and protons have a positive charge. The neutrons are neutral, which
means they have no electrical charge.

osier'
NUCLEUS
PROTONS
NEUTRONS

ELECTRONS
IN ORBIT

ft. two

H11 in the blanks to complete the following statements.

1. Atoms are composed cf

2. Electrons have a

3. Protons have a

dharge.

charge.

, and

4. Electrons orbit around the of an atom.

5. Protons and neutrons make up the of an atom.

1236
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Answers to frame 1: 1. protons neutrons electrons 2. negative

3. positive 4. nucleus 5. nucleus

FRAME 2

In some materials the atoms have many electrons orbiting arrund their nuclei.
Some of these electrons are in orbits distant from the nucleu;. This will
make it easier to get the electrons to flow from one atom to another. These
materials are said to have "free electrons." The atoms of other materials
tend to ,-exist the efforts toward electron flow. These materials are said
to have almost no free electrons.

A material that has many free electrons is a conductor of electricity. Some

examples of conductcrs are copper, silver, and gold. When a voltage is applied
to a conductor, the free electrons can move with little or no resistance. This

is called trent flow. The materials that contain almost no free electrons
are called insulators. Some examples of insulators are rubber, glass, and

paper. These materials wi oppose current now.

Fill in the blanks to complete the following state-tents.

1. An insulator contains almost no electrons.

2. Conductors contain many electrons.

3. Normally current will not flow through an

4. Copper, gold, and silver are some examples of

5. Current flow is the movement of through a conductor.
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Answers to frame 2: 1. free 2. free 3. insulator 4. conductors

5. electrons

FRAME 3

Let's go on with our review of atomic structure and lerrn a new term. In

each atom there are a specific number of electrons that orbit the rucleus.
These electrons will be divided into a definite numb of orbital paths.
The actual number of electrons and the number of orbital paths will change

with the ty,es of material used. This fact in shown in the sketch in this

frame. The number of orbits will depend on the number of electrons. In a

balanced atom, the number of electrons will be equal to the number of

protons. Note the number of electrons, protons and orbits in the sketch

shown.

The electrons is the outermost orbit are called VALENCE electrons. As we

explain the principles of solid state devices we will In concerned with

these valence electrons. Remember this term and that these are the

electrons in the outermost orbit.

A stable atom will have eight valence electrons. The maximum number of

valence electrons in any atom is eight. Some atoms may have less than
eight valence electrons but never more.

1 ORBIT 2 ORBIT

--rne.. "....
N.

//
..

0.0-430"

' 4ill

0 + 1 0 1

i% I

/ I

/ % -0-

.............
3 ORBIT

Fill in the blanks to complete the following statements.

1. The electrons in the outermost orbit of an atom are called

electrons.

2. The maximum number of electrons in the outermost orbit of an atom is

61238



Answers to frame 3: 1. valence 2. eignt

FRAME 4

The two basic materials used in the construction of solii state devices are
germanium and silicon. The electron structure of these atoTo is shown below.
Note that the germanium contains 32, electrons and silicon only 14 electrons.
Now note the number of valence electrons in each of these atoms. They both
have four. Our discussion on solid state devices will be based on this
point. Because each of these materials have four valence electrons, their
application to solid state devices is similar. For this reason we will

use germanium in this text.

GERMANIUM SILICON

Fill in the blanks to complete the following statements.

1. The two basic materials used in the construction of solid state devices
are and

2. Germanium and silicon are similar because they both have four

7
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Answers to frame 4: 1. germanium silicon 2. valence electrons

FRAMES

In frame 3 it was stated that an atom is stable when it has eight valence

electrons. A stable atom has n. free electrons. Lhen a group of germanium

atoms are joined together to form a mass, the material will act as though

the atoms are stable. This is because the valence electrons of one atom

will join with the valence electrons of the atoms close to it. This makes

each atom act as if it has eight valence electrons. This is shown in the

sketch below.

Fill in the blanks to complete the following statements.

1. A stable germanium a':om is one with electrons in the valence

orbit.

2. When a group of germanium atoms are joined, the material will react as
if the atoms were

8
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Answers to frame 5: 1. eight 2. stable

FRAME 6

Solid state devices are made from materials known as semiconductors. A
semiconductor is a man made substance. It is made by joining a material
that has a different number of v=alence electrons with the germanium. The
atcms that are joined with the germanium are called impurity atoms. The
impurity atoms have either three or five valence electrons. In either
case, when the impurity atoms are added to the germanium, the stable
-...tate of the germanium is changed.

An impurity that has three valence electrons is called an ACCEPTOR atom.
Some examples are aluminum, indium, and gallium. An impurity that has
five valence electrons is called a DONOR ATOM. Some examples are arsenic,

phosphorous, and antimony. In the sketch below, compare the valence
electrons of the donor and acceptor to the germanium atom.

GERMANIUM DONOR

Fill in the bl..,ks to complete the following statements.

14;>'

N. .0.

ACCEPTOR

1. Germanium can be altered by adding atoms.

2. The number of valence electrons in a donor atom is

3. The number of valence electrons in an acceptor stow is

9



Answers to frame 6: 1. impurity 7.. five 3. three

FRAME 7

Now let's see what change the donor has had on the germanium. When the
donor atom is joined with a germanium atom, four of the electrons of the

donor join the germanium atom. But since the donor atom hss five valence
electrons, one is left free to move in ary direction. The materi,1 now
has an excess electron which will give it a negative charge. Because of

this, material containing a donor impurity is called N-type material.
The sketch below shows the effect of joiniig a donor atom with a germanium

atom.

0 \,;
411°

GERMANIUM DONOR

N-TYPE

4 5=9 ELECTRONS AVAILABLE
.14-BEING JOINED BY--*4= 8 ELECTRONS NEEDED

1 FREE ELECTRON

Fill in the blanks to complete the following statements.

1. N-type material conlists of germanium combined with a atom.

2. N-type material contains a charge.

3. A donor atom contaias valencl electrons.

10
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Answers to frame 7: 1. donor 2. negative 3. five

FRAME 8

Now, let's see :low the germanium will change when an acceptor impurity is
added to it. When the acceptor atom is joined with a germanium atom, the
valence orbit will have seven electrons. Remember, to be stable, an atom
needs eight valence electrons. When the acceptor atom is joined with the
germanium, it leaves a space where one more electron can fit. This space
is called a HOLE, and it can take on an electron.

The last frame stated that an atom that had al, excess of electrons had a

negative charge. In view of this, if an atom lacks an electron, it must

have a positive charge. When an acceptor is joined to a germanium atom
it becomes a positively charged atom. This positively charged atom (a
material that has holes) is called P-type material.

The sketch below shows the effect of combining an acceptor atom with a

germanium atom.

..... ..... .....
0 _. ,,,,. ........0

,OO , I

/ .- No. 0 /4
..ILOs,

ACCEPTORGERMANIUM

4 +

4 +

4=8 ELECTRONS NEEDED
3=7 ELECTRONS AVAILABLE

P-TYPE

I ELECTRON SHORT OF BEING BALANCED

Fill in the blanks to complete the following statements.

1. An acceptor atom has

2. P-type material has a

valence electrons.

Charge.

3. When an acceptor atom is joined with a germanium atom, it leaves a space

called a

11
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Answers to frame 8: 1. three 2. positive 3. hole

FRAME 9

Match the terns given in column B with the statements listed in column A.
Place the letter that identifies the correct term in the blank provided.
Column B has more responses than needed. Select only one for each question.

A

1. The number of valence electrons
in a stable germanium atom is

2. The material used in solid state
' vices is called a

3. Electrons in the outermost orbit
are called

4. A material having many free
electrons is a

5. An impurity atom having three
valence electrons is an
atom.

6. An impurity atom having five
valence electrons is a
atom.

7. The particle that orbits the
nucleus of an atom is the

8. When germanium is combined wit's,

an acceptor atom it is :ailed
material.

12
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A. Nucleus

B. Atom

C. Four

D. Semiconductor

E. Electron

F. Eight

G. Valence electrons

H. Con. _ctor

I. Insulator

J. Donor

K. Acceptor

L. N-type

M. P-type



Answers to frame 9: 1. F 2. D 3. G 4. H 5. K 6. J
....

7. E 8. M

FRAME 10

Solia state devices are made of 1.-type and P-type materials joined together.
When these materials are joined, as shown in figure A, a device is formed
that is known as a PN JUNCTION. Because these two types of materials are
joined, a "potential barrier" is formed as shown in figure B. This barrier
will oppose electron flow until the right voltage potential is applied to
the junction. This voltage is known as BIAS VOLTAGE. 1as voltage is
usually DC, and is used to fix or set the current flow in a circuit. The
two types of bias used &re FORWARD and REVERSE.

Figure A

BARRIER

Figure B

Fill in the blanks to complete the following statements.

1. The voltage used to adjust the current flow through a PN junction is
called voltage.

2. When P-type and N-type materials are joined, the unit formed is known as
a

13



Answers to frame 10: 1. bias 2. PN junction

FRAM 11

Forward bias is a voltage placed on the PN junction in s'Ilh a way that it
aids current flow. The sketch below shows how forward bias is placed on
a PN junction. Notice that the negative pole of the source voltage is put
on the N-type material and the positive pole is put on the P-type material.
This type of bias will cause the like charges to be repelled toward the
center. The repelling action of the like charges will decrease the size
of the potential barrier. When the barmier has been decreased enough
current will flow across the junction.

CURRENT FLOW

FORWARD BIAS

Fill in the blanks to complete the following statements.

1. Whesti applying forward bias, the positive pole of the per source is
connected to the (negative / positive) material.

2. When forward bias is applied, the width of the potential barrier

3. Current flows through a PN junction when bias is applied.
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Answers to frame 11: 1. positive 2. decreases 3. forward

FRAME 12

Reverse bias is a voltage applied to the PN junction in such a way that it
opposes current flow. The drawing below shows how reverse bias is connected

to a PN junction. Notice that the negative pole of the source voltage is
connected to the P-type material, and the positive pole is connected to the

N-type material. This type of connection causes the electrons in the N-type
material to be attracted to the positive pole of the source, and the holes
in the P-type material to be attracted to the negative pole of the source.
This causes the potential barrier to increase in width and allow little or
no current flow across the junction.

MININUM OR NO CURRENT FLOW

REVERSE BIAS

Fill in the blanks to complete the following statements.

1. The width of the potential barrier is increased when bias
is applied.

2. Reverse bias is connected to the PN junction so that it will
current flow.

3. When applying reverse bias, the negative pole of the power source is
connected to the (negative/positive) material.
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Answers to frame 12: 1. reverse 2. oppose 3. positive

FRAME 13

When the PN junction is used in an electrical circuit it is called a DIODE.
A diode is a two element unit, consisting of an EMITTER and a CW,ECTOR.
The emitter is the N-type material which emits electrons. The collector
is the P-type material which accepts electrons. A diode is used in an
electrical circuit to allow current flow in one direction only.

The electrical symbol for the diode is shown in figure A below. Current
flow is always against the arrow. Figures B and C shows how bias effects
current flow in the diode.

EMITTER COLLECTOR

CURRENT FLOW Id-4Ni
AGAINST THE
ARROW

NP

Figure A

-op
FORWARD BIAS-
MAXIMUM FLOW

REVERSE BIAS-
LITTLE OR NO FLOW

Figure B Figure C

Fill in the blanks to complete the following statements.

1. When a PN junction is gsed in an electrical circuit, it is called a

2. The two elements of a diode are the emitter and

3. A diode is used to allow current flow in

4. Current flaw through a diode is always the arrow.

5. The N-type material is the (emitter/collector).

6. A diode will current in one directior but will

current to flow in the other direction.

16
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Answers to frame 13: 1. diode 2. collector 3. one direction

4. against 5. emitter 6. block, let or allow

FRAME 14

Changing alternating :urrent to direct current is known as RECTIFTCATION.

When one diode is placed in an AC power supply circuit, it will let current

flow an (Ale half of the alternation only. This is called HALF WAVE recti-

fication. For this reason, ese diode is called a half wave rectifier.

Now let's trace the current flow in figure A to see how the diode rectifies

it. On one half cycle (note arrow 1), the diode is forward biased. Current

flow is from negative, through the load, through the diode, and back to

positive. On the other half cycle (note arrow 2), the diode is rermrse

biased. Current will try to flow from the negative to the positive, but

it cannot get through the diode. Remember, current only flows through a

diode when it is forward biased. Therefore, the load (light) does not

burn steadily, but will flash (pulsate) every half cycle. Note in

figure B, the sine wave for the AC input as compered to The pulsating DC

output.

Figure A

A.C. INPUT

LOAD r,D.C. PULSATING
OUTPUT

\

Figure B

Fill in the blanks to complete the frllowing statements.

1. When one diode is used in an AC circuit, it is called a wave

rectifier.

2. A half wave rectifier changes alternating current to
current.

1249
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Answers to frame 14: 1. half 2. pulsating

FRAME J 5

To change AC to a continuous DC output requires a FULL WAVE rectifier. By

using either two or four diodes, the alternating current can be rectified
to provide an almost continuous direct current. Let's trace the path of
current flow through the circuit in figure A. On one half cycle, diodes
1 and 2 are forward biased, while diodes 3 and 4 are reverse biased.
When the source is negative at point A, the current flaws through
diode 1, then through the load, through diode 2, and back to the positive
potential at the source. On the other half cycle, diodes 3 and 4 become
forward biased and diodes 1 and 2 become reverse biased. Now current flows
from the negative potential at point B, through diode 3, through the load,
through diode 4, and back to the source.

With the full wave rectifier in figure A, there is a continuous flow of
current through the load. Notice that this current flow is always in
the same direction. Compare the sine waves of the AC input to the DC
output shown in figure B. A filter network consisting of capacitors, coils
and resistors would be used to smooth out the DC-ripple effect of figure B.
Note in figure C the output effect using capacitors, coils and resistor
arrangement.

Figure A

LOAD

17 PURE DC OUTPUT

Figure C

A C. INPUT

D.0 OUTPUT

Fill in the blanks to complete the following statements.

Figure B

1. When four diodes are used in an AC circuit, it is called a
wave rectifier.

2. A full wave xectifier will allow current flow through the load during
(one/both) half cycles.

3. When a full wave rectifier is used, the current flow through the load
is in the direction.



e
Answers to frame 1: full 2. both 3. same

FRAME 16

A ZENER diode is a special kind of diode speci.lcally designed for use as a
voltage regulator. The schematic symbol for a Zener diode is shown in figure
A below. On this illustration you will note that current flow is in the
opposite direction to -hPt of the normal diode as shown in figure B. Current
flow in a Zener diode i. t the arrow point. The Zener diode when hookers in

a circuit will not allow electrical circuit to be completed until it
absorbs a certain preset voltage. By this token we say the Zener diode in
reality is a voltage regulator.

Zener Diode
Current Flow

Figure A

Normal Diode
Current Flow

Figure B

Fill in the blanks to complete the statements.

1. Zener diodes are used as regulators.

2. Current flow in a Zener is (with/against) the arrow.

3. Draw an arrow under the schematic symbol which shows the i rection of
current flow.



Answers to frame 16: 1. voltage . With 3.

11.10111111110

FRAME 17

Match the terns given in column_B with theistatementsAisted,in column A.
Place: the 'letter' that identifies the correct term in the blame; provided.

Column B has =ore responses than needed. Select onlrone.for.eadh.question.

A

1. The device 1044 40 a voltage
regulator is a

2. When reverse-bias-is applied
to a PN jacntion it results9,

in

3. Biasing a PN'junctton effects
the width of the

4. A circuit that changes AC to
pulsating DC is a circuit.

5. To have current flowing through a
diode requires

A. Reetlifekt--

B. AC Oltaga.

C. Reverse bias

D. Forward bias

ft

E. Potential barrier

F. N-type material

G. P-type material

H. Zener diode,

6. The part (material) 4pf,the diode that,/., Maximum current_flow
serves as the collector is
the J. Minimum current flow

q 4 - - -
. . ..

7. When forward bias is applied
to a diode, it results in

8. The part (material) of thi dio
that serves as the emitt,e,* e_

20
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Answers to frame 17: 1. H 2. J 3. E 4. A 5. D 6. G

FRAME 18

7. I 8. F

Thus far the PN junction diodes have been described. These diodes consisted
of P-type and an N-type material. When another N or P-type material is
added to the diode, it becomes a triode (three element) TRANSISTOR. In

modern day electronics, transistors are primarily used as amplifiers and
relays. They are rep]acing vacuum tubes and conventional relays. The
reason is that transistors are smaller and lighter than tithes or relays.
They also have no moving parts to wear out from excessive use. Thus, the
transistor's life span is longer. The two basic types of transistors are
NPN and PNP. The block symbol for each is shown in figure A and B below.

Block Symbol for an

NPN Transistor.

Figure A

Block Symbol for a

PNP Transistor.

Figure B

Fill in the blanks to complete the following statements.

1. A combination of three N and P materials joined together forms a

2. Transistors can be used as amplifiers or

21
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Answers to frame 18: 1. transistor 2. relays

FRAME 19

Both NPN and PNP transistors are used in temperature control systems. The
PNP transistor consists of two end sections of P material and one center
section of N material. These materials are bonded together to form one
device. In this process we actually have two PN junctions. This also
forms two potential barriers, a potential barrier between each of the PN
junctions. Note the barrier regions in die block symbol shown in figure A
below.

When a FNP transistor is used in an electrical circuit it is identified by
the symbol shown in figure B.

BLOCK SYMBOL OF A PNP

Figure A

EMMITTER COLLECTOR

BASE' N
ELECTRICAL SYMBOL OF A PNP

NO RESPONSE REQUIRED

.1.2

Figure B



FRAME 20

The NPN transistor consists of two end sections of N material and one center

section of P material. This is shown in figure A. Note that this also forme

two PN junctions and two potential barriers.

Figure A is the block symbol for an NPN transistor. However, when an NPN
transistor is used in an electrical circuit, it is identified by the symbol

shown in figure B.

The theory of operatior of PNP and NPN transistors is basically the same.
In the remainder of this text we will limit our discussion to the NPN

transistor. The NPN transistor is the type used in most environmental

system control circuits.

Block Symbol of an NPN.

Figure A

EMITTER y N COLLECTOR

BASE

Electrical Symbol of an NPN.

NO RESPONSE REQUIRED
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FRAYS 21

Electrical diagrams of equipment using transistors will contain only the
electrical symbol for transistors. Tice words or letters that identify

the emitter, base, and collector are not used. Therefore, its important
that you can identify the sections of a transistor by the electrical symbol

only. The arrow in the symbol is the key. The arrow always identifies the
emitter. It also tells you whether it's an NPN or PNP. Notice in figure A (NPN

transistor) that the arrow points out. Then notice in figure B (PNP
transistor) the arrow points in. If the arrow is NOT POINTING IN, it's
an NPN transistor. The center section is the BASE, and the remaining section
is the COLLECTOR.

EMITTER COLLECTOR EMITTER

Electrical Symbol for
an NPN Transistor.

Figure !L

COLLECTOR

Electrical Symbol for
a PNP Transistor.

Figure B

Fill in the blanks to complete the following statements.

1. The three sections of a transistor are called
and

2. The section of a transistor that controls the current flow through it
is called the

3. In the electrical symbol of a transistor, the emitter is signified by
an

4. In an NPN transistor, the first N is the emitter and the second N
is the

241256



A"swers to frame 21: 1. base emitter collector 2. base 3. arrow

4. collector

FRAME 22

Having learned that a transistor has an emitter, base, and collector, we can

now talk about how it works. There must be a positive signal put on the base,

a negative signal put on the emitter, and a positive signal put on the

collector. These are snown in the sketch below. With these signals, the

transistor is forward biased. As you recall from frame 10, bias is a voltage

that is used to fix or set the current flow in a circuit. The sketch below

shows the biasing of a transistor. Note that the emitter is pure negative

while the base is 1.5 volts (+) positive. The collector circuit has a (+)

positive voltage potential of 4.5 volts. It could be said that in order to

forward bias the NPN transistor the emitter must be (-) negative, the base

(+) positive and the collector at an even higher (+) positive potential.

FORWARD SIAS
EMITTER /!AS!

4.5 V+

IASE/tOLLECTOR

For the transistor to conduct, forward bias is always applied between the
emitter and base.

Fill in the blanks to complete the following statements.

1. Forward bias is always applied between the and

2. A transistor is forward biased when the positive signal is applied to
the

15257



Answers to frame 22: 1. emitter base 2. base

FRAME 23

The signal put between the base and Pmitter controls the load current flow that
goes from the emitter to the collector. When the signal put on the base
is more positive than the emitter, the transistor is forward biased. This
will reduce the potential barrier and allow current to flow from the emitter
to the collector. Figure A shows the transistor forward biased. Current
flown from the negative emitter to the positive base. However, because
the collector is always more positive than the base, most of the current
flows through the base to the collector.

In figure B, the bias signal to the base is negative in respect to the
emitter. This is a reverse bias. This negative signal (reverse bias
between the base and emitter) will increase the potential barrier and
stop current flow through the emitter-collector circuit. When biasing
an NPN or PNP (forward or reverse) ycu bias the transistor between the

emitter and base.

FORWARD BIAS

Figure A

REVERSE BIAS

Figure B

Fill in the blanks to Lompleie the following statements.

1. Current flows across a transistor only when the base is

2. With a negative signal applied to the base, current flow across the
transistor

3. Current flow through a transistor is controlled by the signal
applied between the emitter and

4. When forward biasing an NPN transistor, you would bias it between
the and

26
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Answers to frame 23: 1. positive 2. stops 3. base
4. emitter and base

FRAME 24

This sketch shows how a transistor is used as a RELAY. The bridge circuit
has put a positive signal on the base of the transistor. This will increase
the forward bias of the emitter-base circuit. With this increase in forward
bias, the transistor will conduct. With the transistor conducting, a cir-
cuit is completed between ground (point A) and the circuit breaker (point B).
Current flows from ground, through the transistor, to the positive source at
point B. When the transistor is conducting, the valve motor runs. When the
bridge signal changes to negative, the base of the transistor also becomes
negative. This will increase the reverse bias and the transistor will stop
conducting. The current flow in the motor will now stop and the motor will
no longer run. In this circuit, the transistor is used as a relay to control
the operation of the motor.

POSITIVE INPUT
SIGNAL FROM TN!
BRIDGE CIRCUIT

COLLECTOR

VALVE
MOTOR

Fill in the blanks to complete the following statements.

1. When the forward bias is increased the motor will

2. The transistor will not conduct when the base is

3. When a transistor is used to control a motor circuit, it is being
used as a

27
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Answers to frame 24: 1. operate 2. negative 3. relay

FRAME 25

Match the terns given in column B with the statements listed in column A.
Place the letter that identifies the correct term in the blank provided.

A

1. For current to flow through an A. Triode transistor
NPN transistor, a positive signal
must be applied to the B. NPN

2. A transistor can be used as a C. Emitter

3. A transistor will conduct when D. Base
there is between the base
and emitter. E. Collector

4. When using an electrical symbol F. Arrow
of a transistor, if the arrow
is pointing away from the base, G. Fonard bias
it is a/an transistor.

H. Reverse bias
5. The emitter of a transistor is

identified on the electrical I. Relay
symbol by the

6. The solid state device that
contains three elements is a

J. PNP

Name the sections of the transistor shown below:

7.

8.

9.

10. The transistor shown in the above illustration is (a PNP/an NPN).
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Answers to frame 25: 1. D 2. I 3. G 4. B 5. F

6. A 7. emitter 8. base 9. collector

10. NPN

29
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SERVICE TEST
Environmental Pneudraulic Branch C3ABR42331 -HO -127

Chanute AFB, Illinois 1 February 1984

TRAINER AIRCRAFT. A/C SYSTEM TRAINER OPERATIONAL CHECKOUT

PREPARATION

1. Place the TRAINER POWER switch in the 'ON' position.

2. Push in the CABIN AIR VALVLS and CABIN CONDITIONING circuit breakers on the
PEDESTAL COCKPIT circuit breurcr panel.

3. flat.(' the following qwittlics in Ole position gluon

MASTER SWITCH

TEMPERATURE CONTROL SWITCH

CABIN TEMPERATURE SELECTOR

OPERATIONAL CHECKOUT

RAM DUMP

OFF (center)

70° (midposition)

Step

Control device
and position Operating valve(s)

1

Valve position)

OPEN

CLOSE

Place the MASTER switch in

the CABIN PRESS position
Cabin Conditioning SOV

Cabin Ram Air Valve

* 2 Hold the CABIN TEMPERATURE

CONTROL switch in the MAN
HOT position

Cabin Temperature Control
valve

FULL OPEN

3 Hold the CABIN TEMPERATURE
CONTROL switch in the MAN
COLD position

Cabin Temperature Control

valve

FULL CLOSE

Hold the CABIN TEMPERATURE
CONTROL switch in the MAN

Cabin Temperature Control
valve

midposition

HOF or MAN Cold posit"-m

5 Place the CABIN _ORE

CONTROL switch in AuTU

* b P cate the CABIN TEMPERATURE
SELECTOR *0 40o

Cabin Temperature Control
valve

FULL CLOSE

* 7 Rotate the CABIN TEMPERATURE
SELECTOR to 100°

Cabin Temperature Control
valve

FULL OPEN

8 Place the CABIN TEMPERATURE
CONTROL switch in the OFF
position

9 Place the MASTER switch in
the RAM DUMP position

Cabin Conditioning SOV

Cabin Ram Air Valve

CLOSE

OPEN

*NOTE: Steps 2 and 3 and Steps 6 and 7 may be done in the reverse order.

OPR: 3370 TCHTG
DISTRIBUTION: X 1262
3370 TCHTG/TTGU-P - 200; DAV - 1

Designed for ATC Course Use. Do Not Use on the Job



AUTOMATIC TEMPERATURE CONTROL COMPONENT TEST

NOTE: This test is to determine the condition of the Automatic Temperature Control
circuit components (Cabin Temperature Sensor, Duct Temperature Sensor, and
Cabin temperature Selector).

Step 1 Isolate the Temperature Control Bridge circuit components be disconnecting
MS connector 188 from the Cabin Temperature Controller.

Step 2 Make a rosislance check of the Dirt Temperature Sensor And associated wiring.
The resistance value of the sensor should fall between I6K and 47K ohms.

Step 3 Make a resistance check of the Cabin Temperature Sensor and associated wiring.
The resistance value of the sensor should fall between 16K and 47K ohms.

Step 4 Make a resistance check of the Cabin Temperature Selector and associated wiring.
The selector must be rotated to insure variable resistance values between
0 and 12K ohms.

1263
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Technical Training

Aircraft Environmental Systems Mechanic

MAGNETIC AMPLIFIERS

19 November 1982

*LOP'
4. 41

It

CHANUTE TECHNICAL TRAINING CENTER (ATC)
3370 Technical Training Group

Chanute Air Farce Base, Illinois

DESIGNED FOR ATC COURSE USE

1

SERVICE TEST

PROGRAMMED TEXT

C3ABR42331-PT-128

DO NOT USE ON THE JOB RGL: N/A
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OBJECTIVES

Relate components of magnetic amplifier temperature control circuits
to their purpose with a minimum of 80% accuracy.

Specify how a signal from the bridge affects the components of

magnetic amplifier temperature control circuits wtth a minimum of 80%
accuracy.

INSTRUCTIONS

This programmed text presents information in small steps called frames.
Carefully study the written material and/or schematic in each frame until
you are satisfied you understand its contents. Each frame requires you to
select true statements, solve problems, etc. Specific instructions are
provided in each frame. After you have made your response, m4rk it in the
space provided for it. Go to the back of the book to check your answers.

If you are correct, go on to the next frame. If you are incorrect,
study the frame again and correct your mistakes before continuing. If

you still can't understand your mistakes, ask your instructor for assistance.
Read carefully, select the correct answer(s) and DO NOT HURRY.

Supersedes 3ABR42331-PT-128, 10 April 1981.
OPR: 3370 TCHTG
DISTRIBUTION:

3370 TCHTG/TTGU-P - 100; DAV - 1
1 265
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INTRODUCTION

In previous lessons on air conditioning systems, the automatic mode
was controlled by a bridge circuit and micro-positioner. Now it will be
controlled by a bridge and magnetic amplifier. Look at the diagram on
page 5. You should notice that we've replaced the micro-positioner with
a magnetic amplifier. In the diagram we have drawn the magnetic amplifier
on the inside, so you would see how it replaces the micro-positioner.
Throughout the rest of the text it will be drawn G" the outside of the
circuit.

Also in previous lessons you learned the valve that controlled the
air was called the temperature control valve. Now it's called the turbine
bypass valve. Its purpose is still the same; that is, it will direct
the bleed air either into or around the turbine.

In the diagram on the previous page you will notice that the entire
circuit is drawn for you. You will be able to refer to this diagram as
you read the text.

1268
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Frame 1

Before we begin there are some important words and terms that you
must be familiar with. Using a dictionary or glossary of terms, define
in your own words the terms and words below.

AMPLIFIER --

BIAS --

POLARITY --

OPPOSE --

THE LEFT-HAND RULE --

6
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Frame 2

You may be asking yourself why we use a magnetic amplifier instead
of a micro - positioner. Some of the reasons are they are small, have no
moving parts, give off very little heat, and are not effected by
vibration or gravitational pull. So, you can see with today's aircraft
the magnetic amplifier is v'ry practical.

The purpose of the magnetic amplifier is to take the very small
signal from the bridge and make it strong enough to operate the transistor
circuit effectively.

Fill in the blanks to complete the followin statements:

1. The purpose of a magnetic amplifier is to take a
signal and make it stronger.

2. The magnetic amplifier receives the signal from the

circuit.
. .

3. Advantages of the magnetic amplifier are: they are small, have

no moving , and give off

1271
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Frame 3

A basic magnetic amplifier contains a metal core, shaped like a donut,
with wire coils wound around the core. The core is a material that can be
easily magnetized. The core is circular (donut) shaped because this design
provides a better magnetic field.

The diagram below illustrates a magnetic amplifier with three sepa7ate
windings. These are the gate winding, the bias winding, and the zontrol
winding. Each of the windings has a specific function in the operation of
the magn(-ic amplifier and in overall operation of the temperature
controller. The direction that current flows through the windings is the
controlling factor of the magnetic amplifier.

NO RESPONSE REQUIRED

1272
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Frame 4

BIAS WINDING

Before tracing the signal through the temperature coltrolier, you
need to know the purpose of each of the three windings, how they operate,
and how each one affects the other. We'll begin with the bias winding.

The bias winding, illustrated at the right, uses direct current
()C) power. The polarity of the bias winding is shown in the illustration
below. Since power for the bias winding is DC and it's always flowing
in the same direction, .then the magnetic polarity will always be the
same. The purpose of the bias winding is to establish a fixed control
point at which the gate winding can be triggered. That is until the
control winding is strong enough to aid the gate winding, the bias winding
will overpouTr the control winding, keeping the system off.

BIAS VI/DIDINO

+DC

Fill in the blanks to complete the following statements.

1. The windings in a magnetic amplifier are wound around a
core.

2. The bias winding operates on (AC/DC) current.

3. The of the bias winding will always be the same

because the flow is always in the same direction.

1273
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Frame 5

The gate winding controls power from the amplifier to the load. The
power supply for this winding is from an AC source. However, the current
flow through the windings is DC. Let's see how that happens. The AC
current from the power source is rectified, that is, changed from AC to DC
by the system diodes. In order for you to understand how the diodes do
this, let's follow the current flow through both cycles. In illustration
A note the four diodes and how they are placed in the circuit. Arrows have
been drawn on this diagram to illustrate the path of current flow. You

must remember that current flows against the arrow of the diode. Starting
at the negative side of the AC power source the current flows through
diode 3, through the load, through diode 2, through the winding, and
back to the positive side of the AC power source.

A

LOAD

Illustration B shows the second alternation of the AC power source.
Once again let's start at the negative side of the AC power source.
Current travels through the winding, through diode 1, through the load,
through diode 4, and back to the positive side of the AC power source.
After following the current flow through both cycles, you should notice
that current flows in one direction only, through the winding. This will
also cause the polarity of the winding to always remain the same. You
should notice the current flows in one direction through the load also.

load.

to

Fill in the blanks to complete the following statements.

1. The winding controls power from the amplifier to the

2. Diodes are used in the gate winding circuit to change

tOA

3. Current flow through the winding and the load will be

in the same

1274
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Frame 6

The control winding takes the signal from the bridge circuit and, using
this signal, controls the gate winding. The polarity of the control winding
will depend on the,current flow through the bridge. The bridge will also
determine the streagtb of the magnetic field of the control winding. The

signal from the bridge is in the form of DC current. When the negative
..4.nd positive points of the bridge are as shown in illustration A, current
will slow through the control winding and cause the magnetic poles of
the windings to be as -llustrated.

A

TEMP
.SELECTOR

B

However, should the resistance in one leg of the bridge change, the
negative and positive points of the bridge will reverse as showp in
illustration B. ".-Ai current will flow through the control winding in the
opposite direction. Notice that the polarity will change. It will reverse.
The resistance of the sensor or selector will determine the direction of
current flow from the bridge. This will, in turn, determine the direction
of current flow through the control winding. Remember the polarity of
the winding depends on the direction of current flow.

Fill in the blanks to complete the following statements.

1. The control winding uses (AC/DC) current.

2. The magnetic poles of the control winding are determined by the

signal 1:rom the

3. How strong the magnetic field of the control winding is depends

on the signal from the

1.1275



Frame 7

Now let's see how the polarities of one winding affects the other
winding. Renumber, the polarity in the bias winding is always the same
and the polarity of the gate winding is always the same. Polarity of the
control winding depends on the bridge circuit. Note in the illustration
below that the bias winding and the gate winding have like poles. This
means they will alway, oppose each other. The current flow through the
bias winding will oppose current flow through the gate winding.

Fill in the blanks to complete the following statements.

1. The

poles.
winding and windings have like magnetic

2. The bias winding will always current flow through the
gate winding.

1276
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Frame 8

Since the polarity of the control winding can change, depending on the

direction of current flow from the bridge, it will either aid or oppose
the gate winding. When the magnetic poles of the con-.rol winding are as
illustrated below it will oppose current flow through the gate winding.
Note that the poles are alike. Whenthe magnetic poles are as illustrated,
the bias winding and the control winding are both opposing the gate
winding. This opposition will reduce current flow in the gate winding.
This will prevent the load from operating.

01.1.

+DC

=MP

CONTROL

S

Fill in the blanks to complete the following statements.

LOAD

1. The control winding c.n either or the gate
winding.

2. When the magnetic poles of the control and gate winding are alike,

current flow through the gate will

3. The signal from the bridge circuit determines the polarity of

the winding.

1277
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Frame 9

When the direction of current flow from the bridge changes, the
direction of current flow through the control winding will also change.
This will change the magnetic polarity of the control winding. When
the magnetic poles of the windings are as illustrated below, the control
winding will aid the gate winding. Notice the gate winding and control
winding have unlike poles. Remember, unlike poles will aid each other.
By aiding the gate winding it will allow current to flow. This will
result in current flow through the load.

....
'"""' SIAS

+DC

$

CONTIOL GATE

LOAD

The gate winding controls the electrical signal that will cause the
load to operate. If the gate winding is aided by the control winding the
load will operate. If the gate winding is opposed by the control winding,
the load will not operate.

Fill in the blanks to complete the following statements.

1. When the direction of current flow from the changes,

the magnetic poles of the winding will also change.

2. Current will flow through the load when the control winding is

(aiding/opposing) the gate winding.

3. The control winding aids the gate winding when the magnetic poles

are (like/unlike).

127
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Frame 10

Let's see how the magnetic ampl4fier operates with a signal from the
bridge. In the illustration below; the signal from the bridge, AC power
source, and the magnetic pales have been drawn in. The North pole of the
control winding is facing the South pole of the gate winding. The aid
from the control winding is now stronger than the opposition from the bias
winding. The rectified AC signal will flow through the gate winding to
the load: Current flow through the gate winding will build up until it
is strong enough to operate the load. The amount of current flow through
the gate winding will depend on the strength of the signal from the bridge.

Fill in the blanks to complete the following statements.

1. When the North pole of the control winding is facing the South
pole of the gate winding, current (will/will not) flow through
the load.

2. In the circuit illustrated, the bias winding is the

gate winding and the control winding is the gate winding.
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Frame 11

Let's see what happens to the operation when the signal from the
bridge changes to that shown in the illustration below. The control
winding has changed magnetic poles because of the change in direction
of current flow from the bridge. The South pole of the control winding
is facing the South pole of the gate winding. These two poles are
repelling each other or opposing current flow. The North pole of the
bias winding is facing the North pole of the gate winding, and will
also be opposing current flow in the gate winding.

With the control and bias winding both opposing the gate winding,
there is very little current flow through the gate winding. With this
condition, there will be no current flow through the load.

Fill in the blanks to complete the following statements.

1. When the South pole of the control winding is facing the South

pole of the gate winding, current (will/will not) flow through
the load.

2. in !fn rinnit 111nmtrnted, the Idnm wIndIng

the gate winding and the control winding la the gate. winding.

1280
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Frame 12

Let's see how the magnetic amplifier controls the turbine bypass
valve. In the illustration below, we've added a transistor circuit
and a bypass valve. The illustration shows only the circuit that the
hot signal uses. You should notice that the bias winding and bridge have
28VDC constantly going to them. Also that the gate winding has 115VAC
power source. Notice that the valve receives power from 28VDC bus bar
on the righthand side of the page. Remembering that the bridge sends the
signal to the control winding and that the gate winding controls the load.
The load is the transistor circuit.

CI 82-3463
0-10g

TRANSFORMER

Fill in the blanks to complete the following statements.

1. The power source for the bias winding and bridge will always

rer'' the

2. The gate winding controls the
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Frame 13

Let's trace the signal. Looking at the illustration on the preceding

page, note the signal from the bridge. This signal causes the control winding
to aid the gate winding. This, in turn, will allow current to flow from the
AC power source. Current will now travel through the gate winding and down
the wire to point A. From point A, it flow to and charges the capacitor
(C1). At the same time it sets up a voltage potential at the three
resistors marked X, Y and Z. Resistor X is the normal path the current
flows until the Zener diode (VR2) breaks down.

Follow this return path through resistor X, through resistor V,
through the lower dicue at the gate winding, then through the gate winding
to the center connection and back to the positive potential at the
transformer. Until the signal becomes strong enough to cause the Zener
diode to break down, the transistor will not conduct.

NO RESPONSE REQUIRED
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Frame 14

When the voltagE increases enough across the Zener diode (VR2)
it will force it to break down. When the Zener diode breaks down,
current fl.ws through resistor "Y," through the Zener diode, through
the gate winding and to the positive side of the transformer.

The current flowing through the Zener diode causes the base of
the transistor to become more positive than its emitter, causing it
to conduct.

CI 82-3463
0-10g

TRANSFORMER

Fill in the blanks to complete the following statements.

1. The transistor is directly controlled by the

2. The strength of the potential at the Zener diode is a direct

result of the signal from the circuit.

1285
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Frame 15

The transistor actually serves as a relay or switch for the bypass
valve circuit. The transistor is forward biased when the Zener diode
breaks down. This permits current flow from the emitter to the
collector of the transistor. Note in the diagram how this will complete
a circuit from the bypass valve ground to the 28VDC source. When the
transistor conducts, current can flow from the bypass valve ground,
through the valve motor winding (hot or open side), through the diod',
then through the transistor toithe positive potential at the 28VDC
circuit breaker. This will operate the valve to the hot (open) position.

Fill in the blanks to complete the following statements.

1. The bypass valve circuit is controlled by the

2. When hot air is demanded, the bypass valve will operate to the

position.

3. The transistor serves as a or for the valve
circuit.
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Figure 16

Operation of the transistor is controlled by the Zener diode. That
is, when it breaks down it allows the transistor to reduce its internal
resistance where it can operate the valve motor.

If we had used a cold signal from the bridge circuit, the signal
would have aided the cold magnetic amplifiers. This would have caused
the transistor in the cold circuit to conduct. The circuit would have
been operated in the same manner, except it would cause the valve motor
to operate in the opposite direction, providing cold air. Remember, the
bridge circuit signal determines whether the hot or cold amplifiers
operate.

Fill in the blanks to complete the following statements.

1. When cold air is demanded, the bypass valve will operate to the

position.

2. If the signal from the bridge causes the hot control winding to
oppose the gate winding, and the cold control winding to aid the gate

winding, the bypass valve will (open/close).

1287
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Frame 17

We have seen how the hot signal from the bridge will run the bypass

valve toward hot. But, with the circuit that we've traced, this hot
signal could cause the valve to operate too far toward hot. This would

cause the temperature to become too hot in the cockpit before the sensors

could detect the temperature change and signal the valve to stop. This

action would result in the bypass valve going first to hot than to cold
and back to hot, always overshooting the exact position needed to deliver

the selected temperature.

To prevent the valve from 'hunting" or running continuously trying
to maintain the temperature, a "feedback" circuit is used. The feedback

circuit for both the hot and cold amplifiers is added to the diagram on

the next page.

The feedback circuit will cause the bypass valve to "pulse" instead

of running continuously. The pulsing action prevents a rapid change in

the valve position. It also prevents a rapid change in air temperature

coming from the air conditioning system. The rate of the pulsing action

depends on the strength of the signal from the bridge. A strong signal

causes the valve to. pulse at a rapid rate. A weaker signal causes the

valve to pulse at a slower rate.

Fill in the blanks to complete the following statements.

1. The purpose of the feedback circuit is to prevent the valve from

the exact position needed to deliver the selected temperature.

2. The pulsing action of the valve prevents changes in

air temperature.

1288
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Frame 18

Refer to previous page for diagram. Let's trade the feedback
circuit to determine what controls the pulsing action. Starting at the
ground for the bias winding, point "A," follow the current from point
"A" up through the hot bias winding. From the hot bias winding, current
can go in two directions. Current can go through resistor R1, to
point "B" and back to the 28VDC source. The other path for current
flow is through the feedback circuit. Current in the feedback circuit
flows through resistors R2, R3, through the diode, then to point "C."
From point "C" current flows through the transistor and up to the 28VDC
circuit breaker. Now, notice that when the hot transistors start
conducting they complete a path for current flow that operates the bypass
valve and also a path for current from the first-stage hot bias winding.
This increase in current flow through the winding will also increase
the mague~:c field of the bias winding. Remember, the magnetic field
of the bi.s winding is opposing current flow in the gate winding.

Fill in the blanks to complete the following statements.

1. The feedback circuit will come on when the transistor is

2. When the feedback circuit is in operation current flow through

the bias winding is

3. The bias winding will always oppose the winding.
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Frame 19

The increased current flow through the bias winding increases
the opposition to current flow in the gate winding. This stops
current flow in the gate winding, that is, it stops the magnetic
amplifier from operating. When this happens the transistor will
also stop conducting, and the end result is that the valve stops
running and also stops current flow through the feedback circuit.

When current flow stops in the feedback circuit, there is no
longer an increased opposition to current flow through the amplifier.
This allows the signal to flow through the amplifier again, which
allows the transistors to conduct. Of course the same sequence of
events starts all over again. This causes the valve to pulsate until
the temperature reaches a point to balance the bridge circuit.

We have taken a hot signal from the bridge and followed it through
the complete automatic temperature control circuit. A signal for cold
would operate the same as the hot signal, except we would have used the
cold amplifier, transistor, feedback circuit, and cold side of the
vale.

NO RESt'ONSE REQUIRED
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oe.

ANSWERS TO QUESTIONS AT THE END OF THE FRAMES:

small, 2. bridge, 3. parts, very little heat

metal, 2. DC, 3. same, current

gate, 2. ACV, DCV, 3. gate, direction

DC, 2. bridge, 3. bridge circuit

bias, gate, 2. oppose

aid, oppose, 2. stop, 3. control

bridge, control, 2. aiding, 3. unlike

will, 2. opposing, aiding

will not, 2. opposing, opposing

same, 2. load

Zener diode, 2. bridge

transistor, 2. open, 3. relay, switch

closed, 2. close

overshooting, 2. rapid

conducting, 2. increased, 3. gate

Frame 2: 1.

Frame 4: 1.

Frame 5: 1.

Frame 6: I.

Frame 7: 1.

Frame 8: 1.

Frame 9: 1.

Frame 10: 1.

Frame 11 1.

Frame 12: 1.

Frame 14: 1.

Frame 15: 1.

Frame 16: 1.

Frame 17: 1.

Frame 18: 1.
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Environmental Pneudraulics Branch 3ABR42331-WB-129A

Chanute AFB, Illinois

TRAINER AIRCRAFT AIR CONDITIONING SYSTEM TROUBLESHOOTING

OBJECTIVE

Using a trainer, electrical diagram, and multimeter, troubleshoot

five system problems. Four of the five problems must be accomplished

with 1002 accuracy.

EQUIPMENT

Multimeter
Grease Pencil

Cloth Eraser
Trainer 3301, Air Conditioning

System

PROCEDURE

1. REMOVE ALL JEWELRY. Report to the lab instructor and inform

him or her of the lesson that you are working on. The instructor will

provide you with the materials needed for this lesson.

2. Look at figure 1 on page 3. This figure shows the trainer that

you will be working with and will help you to locate the various components.

You must be able to locate and identify each component to correctly perform

the performance test and troubleshooting. After you are familiar with the

trainer you may continue with this lesson.

3. Also, when you leave your trainer for sehednled or unscheduled

breaks insure the following steps have been done before you go.

a. Place the control switch to the off position and pull the

two circuit breakers.

b. Secure your multimeam during this period.

(1) Insure the controls are set on the proper settings

for storage.

(2) Leave the test leads attached to the meter.

(3) Wrap the leads around the meter.

(4) Place the meter on the locker shelf.

c. When you return from the break take the same meter and go

back to work.

Supersedes 3ABR42331-WB-129A, 17 September 1980 which may be used until
existing stocks are exhausted.
OPR: 3370 TCHTG
DISTRIBUTION; X

3370 TCHTG/TTGU-P - 1000; DAV - 1
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PROJECT 1

Troubleshooting is the word used to describe a mechanic's locating
mechanical and electrical failures. This workbook is designed to acquaint

you with a basic approach to troubleshooting. It is highly unlikely that
any two individuals will troubleshoot in exactly the same manner. You, as

an Environmental Systems Specialist, will have to develop your own technique

as you gain experience on the systems. But, regardless of the technique
used, the problem must first be solved in the troubleshooter's mind; that
is, all of the possibilities are thought out until the most likely one is

determined.

When troubleshooting electrical failures, the multimeter is an

essential tool. However, the multimeter does not do the actual
troubleshooting. Yers must first analyse the system and determine the

possible causes. Then use the meter to verify the actual cause.

Circle the number of each true statement below.

1. Troubleshooting is used to locate mechanical and electrical
failures.

2. The mtatimeter does all of the troubleshooting for you.

3. Analyze the system for possible causes, then verify them with
the multimeter.

1298
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Answers to Project 1: 1, 3

PROJECT 2

During this lesson you will be using the multimeter to test for voltage
and resistance in the circuits and components. In previous lessons you were
taught how to use the multimeter. The quiz below will help you recall how
to use the multimeter.

Before completing the quiz, open the meter, and prepare it for use.

Using the meter as an aid, fill in the blanks to complete each of
the following statements.

1. The Ohms scale is colored

2. The negative probe is colored

3. When checking for resistance, the trainer power must be turned

4. The multimeter is used for testing
resistance.

5. The aC volts scale is colored

6. When checking for resistance, the function selector must be

set on and the range selector to the desired ohms range.

7. To test a 115 volt AC circuit, the function selector must be

set to and the range selector to

8. If an accurate reading is to be obtained with the ohmmeter,

it must be



Answers to Project 2: 1. green 2. black 3. off 4. voltage 5. black

6. ohms 7. AC, 250 volts scale 8. zeroed

PROJECT 3

Before we continue with the use of the multimeter, we need to learn
how the trainer air conditioning system is operating. Let's do this by
making an operational check.

OPERATIONAL CHECK PROCEDURES

1. Make sure all trouble switches at the left end of the trainer
are in the OUT position, and the trainer power switch located in the
upper left hand corner is placed to the OFF position.

2. Insure the trainer power cable is connected to an AC outlet,
and make sure all circuit breakers on the trainer are pushed in.

3. Place the trainer power switch to the ON position.

4. Place the following switches to the positions listed below.

Master switch to CABIN PRESS position.

Temperature control switch to OFF (center) position

Temperature selector switch (potentiometer) to the 60° position.

Note: As you perform each of the following steps, place an X in
the blank provided that correctly indicates the valve position.

5. Place the master switch to the RAM DUMP position.

a. Cabin ram air valve opened closed

b. Cabin conditioning shutoff valve opened closed

6. Place the master switch to the CABIN PRESS position.

a. Cabin ram air valve opened closed

b. Cabin conditioning shutoff valve opened closed

7. With the master switch still in the CABIN PRESS position, hold the
cabin temperature control switch to the MANUAL HOT position.

close

The temperature control valve is now moving open

8. Hold the cabin temperature control switch to the MANUAL COLD
position.

6 13 A



close
The temperature control valve is now moving open

9. Place the cabin oNeverature control switch to the AUTO position.

10. Rotate the temperature selector (potentiometer) to the HOT (100°)
position.

The cabin temperature control valve is now moving open
close

11. Rotate the temperature selector to the COLD (40°) position.

The cabin temperature control valve is now moving open

close

12. Place the master switch to the RAM DUMP position.

The ram air valve opened closed , and the

cabin conditioning shutoff valve opened closed

13. With the master switch still in the RAM DUMP position, place
the temperature control switch to each of the following positions and
observe the temperature control valve.

MANUAL HOT position, MANUAL COLD position, and AUTO.

Did the cabin temperature control valve operate with the switch in
any of the positions? Yes No

This completes the operativial check procedure, now compare your
answers to those below. This way you will know that the trainer is
operating normally.

Answers to Project 3:

5. a. opened
b. closed

6. a. closed
b. opened

7. open

8. close

10. open

11. close

12. opened, closed

13. no

Ii all of your answers agree with the ones given above, you are ready
to begin troubleshooting. If you do not agree, perform the operational
check again or ask your instructor for assistance.

7
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PROJECT 4

In the previous lesson you learned about the sensors and the potentiometer
and what happens if they malfunction. This knowledge is essential for you
to do effective troubleshooting. Let's see what you remember.

Complete the following statements by filling in the blanks.

1. Only hot air is entering the cockpit in automatic. This would

be an indication of an cabiu sensor.

2. An open duct sensor will change the control point of the

3. A shorted cabin sensor will cause the air entering the cockpit

to be

4. Both sensors have a coefficient of resistance.

5. A shorted will change the control point of
the potentiometer.

6. An open in the potentiometer circuit would cause air
to enter the cabin.

1332
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Answers to Project 4: 1. open 2. potentiometer 3. cold 4. negative

5. duct sensor 6. cold

PROJECT

You should ..call from the previous lesson that the sensor, And the

potentiometer are variable resistors. To check then, we use the ohms
portion of th' meter.

Procedure for check.l.rg resistance of the sensors with a multimeter.

1. Place the trainer power sw: h to the OFF position

2. Set the meter Function Selector to Ohms.

3. Set the range selector switch.

Note: The easiest part of the kale to read is near the center

of the scale. Use the range setting that will place the needle

near the center when reading the resistance according to the

sensor resistance values.

4. Isolate the bridge circuit. You do this by iisconnecting

the cannon plug at the section marked 188 (11 the cabin temperature

controller. This process is to disconnect all the components of the

bridge for indivioual ohm check. You did this same type of exercise

when you pulled out the junction pins on the bridge circuit trainer

in the lab.

6. Locate the cabin sensor on the wiring diagram. Notice that

the circuit coming from ground goes through pin B of the cabin sensor,

out pin A, and then to pin C of the controller.

7. Now locate the cabin sensor on the trainer. Place one multi-

meter lead in plug 105, pin B, and the other lead in pin A. This circuit

is illustrated below.

Figure 2. Checking Sensor Resistance.

8. Read the resistance and record it.

0
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9. Now locate the duct sensor and measure its resistance.

Duct sensor resistance is ohms.

10. Both of these resistance values should be between 16,0(-) and
47,000 ohms, If the values you have recorded are not within this range,
ask the instructor for assistance.

Now that you know the resistance of the sensors you can use this
information during troubleshooting. When you check them again during
troubleshooting they should have close to the same resistance values.

To check out the cabin temperature selector you must isolate the
bridge circuit by disconnecting plug 188 and then ohm out the potentiometer.
You must connect the meter leads at ground and either Pin S on plug 26 or
Pin A on plug 138. The resistance should vary on th meter when the
temperature selector is rotated._ If it doeanot show any resistance
you have a short in the potentiometer.

When troubleshooting, if you get a zero (0) reading on the meter,
it means the sensor is shorted. If you get an infinity (co) reading on
the meter, it means Lhe sensor is open.

Compler:, the following statements by filling in the blanks.

1. Trainer power should be turncl when using the ohmmeter.

2. If the meter indicates zero, it means the sensor is

3. If the meter indicates infinity, /,t means the sensor is

4. When checking for ohms. the function selector must be set to

5. To check sensors and potentiometers, you should use the
portion of the multimeter.

13Q4
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Answers to Project 5: 1. off 2. shorted 3. open 4. ohms 5. ohms

PROJECT 6

Now let's find out how to check a wire for resistance. Normally a
wire has extremely small resistance, and the ohmmeter should read zero.

Locate wire number H54A22 on the wiring diagram. This wire connects
the cabin sensor to the controller. An open in this wire would be like
having an open in the cabin sensor.

Check the resistance of wire number H54A22 by performing the
following steps.

Note: Anytime you find a need to troubleshoot in the bridge
circuit be sure to isolate the circuit with plug 188 and then
ohm out the circuit.

1. Place the trainer power switch to the OFF position.

2. Set the functiot. selector to OHMS.

3. Set the range selector to Q x 100 and zero the meter.

4. Put cne lead in pin "C" cont,ction at the controller and
the other lead in pin "A" connecticl at the cabin sensor. This test

circuit is illustrated below.

Figttre 3. Checking Wire Resistance.

GOOD

If the meter reads zero (0) the wire is good. If the meter reads

other than zero, it either has an open or a high resistance.

Complete the following statements by filling in the blanks.

1. A good wire has resistance.

2. When using an ohmmeter, the power switch should be

3. When measuring the resistance of a wire, if the meter reads other

than zero, the wire is or has'a high

1305
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Answers to Project 6: 1. small (zero 2. off 3. open, resistance

PROJECT 7

Most of your troubleshooting will be dons using the voltmeter
portion of the multimeter. The only time you should use the ohmmeter
is for checking the sensors or potentiomet.n. circuits (bridge circuit).

To illustrate this point, let's make a comparison. Locate the
master switch on the trainer. This switch controls the air conditioning
shutoff valve. Locate the shutoff valve. On the trainer it would be
possible t. check the wire from the master switch to the shutoff valve
with an ohmmeter. But lotto compare this to the same circuit on the
T-38 aircraft by noting the illustration below. On the actual evcraft
this valve is several feet from th- switch. Imagine the difficulties
one man would have in checking this same circuit from the cockpit to the

shutoff valve with an ohmmeter.

Figure 4. Voltmeter or Ohmmeter?

To prepare yourself for troubleshooting circuits on the aircraft,
USE THE VOLTMETER FOR TROUBLESHOOTING THE TRAINER CIRCUITS. Use the
ohmmeter for checking the sensor or rheostat circuits only

Complete the following statements by filling in the blanks.

1. To check the sensor and potentiometer circuits, you should

use

2. For most of your troubleshooting, you should use the

3. An ohmmeter is always used to check and

4. The most practical meter used when troubleshooting is the

12
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Answers to Project ;: 1. ohmmeter 2. voltmeter
3. sensors and potentiometer 4. voltmeter

PROJECT 8

Before using the multimeter to check voltage, let's see if you know
how the system operates normally. Run through an operational check again.
Start with Lhe switches in the normal positions. Go back to project 3
for the procedure if necessary.

When you are sure you know how the system operates normally,
perform the following steps.

1. Place trouble switch number 1 to the IN position.

2. Place the trainer power switch to the ON position.

3. Perform an operational check to determine which component
does not operate properly.

Note: You should have found that the air conditioning shutoff
valve did not open.

4. Using the grease pencil and the wiring diagram on the trainer,
trace the circuit from the cabin Air valves circuit breaker to the open
side of the shutoff valve.

Note: The diagram below illustrates how the circuit should look
when traced on the diagram.

CAIN AIR VALVES

115
ACV

MASTER
SW.

CABIN PRESS

CABIN CONDITIONING SHUTOFF
VALVE

Al

OPEN

Figure 5. Circuit Tracing.

5. Analyze the circuit to determine why the valve didn't open.
Ask yourself, where would an open be that might prevent the valve from
opening.
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PROJECT 9

Now let's use the voltmeter to see if you were right.

1. Leave the trainer power switch ON. Check the wiring diagram

and determine the type of voltage you will be measuring. The .'oltage

is indicated at the circuit breaker on the wiring diagram.

2. Set up the meter for checking this voltage.

3. When you are checking for voltage, the black lead (negative) is

always connected to ground. Locate, on the trainer, the small metal strip

marked AIRCRAFT GROUND. Place the black lead in this ground, and

leave it there while checking for volt... This metal strip represents

the frame of the aircraft. When checking for voltage on the aircraft,

the frame (metal) of the aircraft is ground.

4. Place the red lead (positive) in pin Al of the shutoff valve.

Is there power at pin Al? Yes No MINE.1

You should have answered NO. There is no power at pin Al,

but there should be.

5. Now trace the circuit back and find the next check point. This

is pin "J" on control panel 26. Place the red lead in pin ".f." Is there

power at this point? Yes No

You should have answered YES, there should be power at this point.

Complete the following statements by filling in the blanks.

1. There is an open in wire number

2. The voltage for the circuit checked is

3. You had the function selector on

4. You had the range eAlector on

5. The color of the meter scale you used is

6. On the aircraft, any part of the frame can be used as an

7. When measuring voltage, the lead that goes to ground is the

lead.

1308
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Answers to Project 9: 1. H60822 2. 110 - 120 volts AC 3, AC volts

4. 250 5. black 6. ground 7. black lnegative)

PROJECT 10

While performing the steps in projects 8 and 9, you have actually

completed troubleshooting out' malfunction. Let's taview the stops

you followed after placing the trouble in the system.

Step 1: Perform an operational check.

Step 2: Determine the malfunctioning component and how it malfunctioned

(the valve wouldn't open).

Step 3: Trace the circuit on the wiring diagram.

Step 4: Analyze the circuit for possible causes (which wire could

be open or which unit could be defective).

Step 5: Use the multimeter to verify the possible causes and

determine the actual cause.

Performing the operational check is a step-by-step procedure used

to cause all components to operate. This procedure is given tc you in

project 3. When working on an actual aircraft, this procedure is

given in the technical order.

To determine the malfunctioning component you must know how each

component is supposed to operate normally. Then you observe each

component's operation to see if it does operate normally.

Tracing the circuit on the diagram helps you select the circuit

or circuits that are involved in operating the malfunctioning component.

This is the first step in isolating the problem.

Analyzing the circuit for the possible causes requires you to consider

all of the available information (symptoms). Let's review the analysis for

trouble switch number 1. Follow on the diagram as we analyze this problem.

From the operational check we found that the air conditioning system shutoff

valve would not open, but the ram air valve does open and close. With

this information we know the circuit bringing power to the master switch

is good. Since the problem is "the valve won't open," we can assume the
close circuit to be good. This leaves our possibilities to be wire number

H60822, wire number H60422, the ground wire, or a defective valve motor.

After determining the possible causes through analysis, the meter is

used to determine where power is and find the actual cause.

1513 )9



PROJECT 11

Troubleshooting

Apply the five steps of troubleshooting to determine the cause for
the trouble in each of the problems. You are to complete the remaining
3 practice problems, before you do your performance test. Each problem
is planed into the trainer bygone of the trouble switches. The trouble
switches you are to use are not in numerical sequence - check the chart
on the following page for the trouble switches to use.

Note: When troubleshooting the manual temperature control system,
be sure you hold the temperature control switch in either the manual
Hot or manual Cold position.

Note: Anytime you find a need to troubleshoot in the bridge circuit
be sure to isolate the circuit with plug 188 and then ohm out the
circuit.

Troubleshoot the system and determine the cause for the trouble in
each of the problems. Place only one trouble switch to the IN position
for each problem. Start with problem number written in by the instructor.
After completing each problem, be sure to place the switch for that
problem to the OUT position.

Record your findings for each problem on the chart. We have
completed problem number 1 and the information has been filled out.

When you have completed the 3 practice problems, report to the
instructor and the instructor will check your answers. If you are
correct, you are ready for the progress check.

Note: When you find a HIGH RESISTANCE in a malfunctioning circuit,
be sure that you have the circuit isolated that is showing the
HIGH RESISTANCE. This may be done by disconnecting the unit
electrical plug.

1310
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On the chart below list the following information.

In block A, name the unit that is malfunctioning.

In block B, state how the unit is malfunctioning - example: will
not open, will not close, will not operate in automatic.

In block C, state the actual cause, giving the wire number or
unit rnd whether it is an open o' a short or high resistance.

After you go over the first problem which was done for you, do the
next three practice problems and have the instructor check your work
when you are done.

Note: Use only the trouble switch that is given by instructor
for each problem.

PROBLEM NUMBER 1 TROUBLE SWITCH 1

A Air Conditioning System Shutoff Valve

B Will Not Open

C Wire #H60822 Open

PROBLEM NUMBER 2 TROUBLE SWITCH

A

B

C

PROBLEM NUMBER 3 TROUBLE SWITCH

A

B

C

PROBLEM NUMBER 4 TROUBLE SWITCH

A

B

C
I

INSTRUCTOR'S INITIALS

17
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Environmental Pneudraulic Branch C3ABR42331-WB-200A
Chanute AFB, Illinois

PROGRAMMING DECADE RESISTORS

OBJECTIVES

Given a decade resistor and predetermined decades total ohms resistance,
program the decade switch control settings properly under the proper decade
switch designations. A minimum of 3 out of 4 decades total ohms resistance
must be programmed correctly.

EQUIPMENT
Decade Resistors ZM-163/U

INSTRUCTIONS

Do not start this workboo! unless you have satisfactorily completed
the programmed material in WB-202 and have achieved the objective. You will
only use a lead pencil to complete this workbook. When you are instructed to
go to another page, figure, etc., be sure you follow the instructions.

You will be required to complete the exercises as given. After the
exercises are properly completed, you will be assigned a performance test.
You will be required to complete the performance test in accordance with
instructions provided and meet the minimum performance standards given in
the above objective.

time.

If you do not understand the above objective, see your instructor at this

Caution: Remove watches, rings, bracelets, etc., before starting any
work on the equipment. It is also a good safety practice to work on the
equipment with one hand. This practice reduces the chances of receiving
an electrical shock to some vital body organ when working with electricity.

When you leave your work area for a scheduled or unscheduled break,
or anywhere else, make sure that the following procedures are done before
you leave:

1. Insure you have complied with all the instructions given you by
your instructor.

2. Insure your equipment is properly stored and secured before leaving
the area.

3. When you return from your break, take the same equipment from the
locker and go back to work.

4. If there is anything you do not understand about the procedures
before, during or after break, be sure you ask your instructor.

Supersedes ST 3ABR42331-WB-202A, 1 October 1980.
OPR: 3370 TCHTG
DISTRIBUTION: X
3370 TCHTG/TTGU-P - 600; DAV - 1
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PERFORMANCE EXERCISE I

In this performance exercise you will be required to use a decade,
program the decade to the ohm values given and then check them against
the figures given of the decades in this book.

1. Set your decade to 400.0 ohms.

2. After you do step 1, turn to figure 1 and compare your decade
settings to it. They must be the same. If they are not the same, you
may ask your instructor for assistance.

3. If you believe you understand the above, continue with the
following. If you don't understand, see your instructor NOW.

If you do understand the above, continue by using the ohm values
given and program your decade for each of them. After you program each
of them, check them against the correct figures given and then go on to
the next one. If you have any problems, see your instructor.

Student will initial in the "STUDENT INITIALS" column, when he/she
has done the work and believes he/she understands it.

DECADE TOTAL OHMS RESISTANCE SEE FIGURE

295.3 ohms 2

500.0 ohms 3

1100.0 ohms 4

500.0 ohms (See note below) 5

STUDENT INITIALS

Note: The 500 ohms must be with the X-100 decade switch control
set on 4 and then adjust the remaining to get the 500.0 ohms.

If you have any difficulty with this performance exercise, see your
instructor immediately and do not progress to performance exercise 2.

3
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PERFORMANCE EXERCISE II

In this exercise, you will go from 505.0 ohms to a lower value.
You will do this one ohm at a time. This may sound simple, but it can
be very confusing unless you understand the procedure.

1. Using the decade provided, make each of the settings as the
procedure is explained. We will start with 505.0 ohms and decrease only
one ohm at a time to 490 ohms.

2. This procedure is shown by the 6 illustrations in figure 6.

a. Program the decade to obtain 505 ohms. Note Illustration A
in figure 6.

b. To decrease resistance only one (1) ohm at a time, start
by turning the decade switch X1 back toward zero, one ohm at a time, until
it reads O. You now have 500.0 ohms. Note Illustration B, figure 6.

c. Before you can decrease the resistance any further, you must
change the resistance to read 500 ohms on a combination of other decade
switch control settings that will allow you to continue decreasing by only
one ohm at a time. This can be done by programming the decade switch on
the X-100 decade switch back to 4. Now program the X-10 decade switch
up to 9, and the X1 decade switch up to 10. Program the above on the
decade. Note Illustration C in figure 6. Notice that with this
combination you still lave 500 ohms. (See figure 6, Illustration C.)

d. Now you can keep decreasing in one ohm steps by turning
thc. X-1 decade switch back toward zero, only one ohm at a time, until it
reads O. This decreases the resistance to 490 ohms. (Note Illustration
D, in figure 6.)

e. Should you be required to reduce to a lower ohm value, you
could set the X-10 decade switch to 8 and X-1 decade switch to 10; this
would still be 490 ohms. (Notice Illustration E in figure 6.) From this
you could reduce one ohm at a time to 480 ohms. (Notice Illustration F in
iigure 6.) This proceEs can be continued, allowing you to reduce resistance
in one ohm at a time as desired. This procedure can be applied to any value.

PERFORMANCE EXERCISE III

In this exercise, you will go from 480 ohms to a higher value. You
will do this only one ohm at a time. Again, like in Exercise II, this
may sound simple, but it can be very confusing unless you understand the
procedure. This procedure is similar to what you Old in Exercise II. If

you DON'T understand Exercise II or haven't completed it, don't start this
exercise, but see your instructor at this time.
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If you have satisfied the above, you may start with the following:

1. Using the decade provided, make each of the settings as the

procedure is explained. For this exercise, we will start with the 480.0 ohm

setting you have already set in Exercise II. (Note figure 6, Illustration

F.) This setting will be increased only one ohm at a time up to 508.0

ohms.

2. This procedure is shown by the illustrations in figure 7.

a. Insure your decade is programmed at 480.0 ohms as given

in Exercise II. (Note Illustration A in figure 7.)

b. To increase the resistance only one ohm at a 'ime, start
by turning the decade switch X1 only "ne ohm at a time up to 10, until

it reads 10 x 1. You now have 490.0 ohms. (Note Illustration B, in

figure 7.)

c. Before you can increase the resistance any further, you
must change the resistance to read 490-0 ohms on a combination of other

decade switch control settings that will allow you to continue increasing

by only one ohm at a time using the X1 decade switch. This cast be done

by programming the X1 decade switch back to 0 and X10 decade switch up

to 9 x 10. (Note Illustration C, figure 7.)

d. Now you can keep increasing in one ohm steps by turning
the X1 decade switch toward 10, only one ohm at a time, until it reads

10. This increases the resistance to a 500 ohm value. (Note illustra-

tion D, figure 7.)

e. Before you can increase the resistance any further, you

must change the 500 ohm resistance to read 500 ohms on a combination of

other decade switch control settings. This allows you to continue

increasing by only one ohm at a time, with the X1 decade switch. This

can be done by programming the decade witch X1 back to zero, the X10

back to zero, and the X100 up to 5. This gives a total resistance

value of 500 ohms. (Note Illustration E, figure 7.)

Now you can increase in one ohm steps by turning the X1
decade switch only one ohm at a time until you arrive at the 508 ohm
value you are required to adjust to. (Note Illustration F, figure 7.)

Note: The time period between the one ohm settings may vary in
length to allow the circuit to respond to the change. This is

normally timed according to the technical data given with the

circuit.

1 327
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PERFORMANCE TEST ..AISTRUCTIONS

1. Remove this page.

2. After you have finished this workbook and its exercises, you
will take the workbook to your instructor.

3. Insure your instructor has your ally records.

4. Read the performance test instructions provided by your
instructor. If you have read all of them, and understand them,

initial here and immediately

5. The student will ask the instructor to initial below so he/she
may ',tart the performance test given under the supervision of the
instructor.

6. Instructor initials for you to start the
performance test.

STUDENT'S NAME

NOTE: Items below completed by the instructor.

START TIME

STOP TIME

RETAKE - YES - NO

SATISFACTORILY = S

UNSATISFACTORILY = U

23
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PART 1 S

PART 2 S

PART 3 S
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OBJECTIVES

Correctly identify system operation, safety procedures, and/or
compcnents of the bleed air system with a minimum of 80% accuracy.

INSTRUCTIONS

This text presents information in small steps called "frames."
After each frame you are asked to respond by completing a statement.
Read each frame carefully before responding. The answers to the
statements for each frame are located on the top of the next frame.
If you select the correct answers, continue to the next frame. If

you are incorrect, read the material again and correct your answeis
before continuing.

Supersedes 3A3R42331-PT-20I, 10 September 1980.
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Frame 1

In previous lessons you learned the trainer type aircraft air
conditioning system. You shoula recall that the air used for air
conditioning came from the jet engine.

Do you remember what to call the air that was tapped from the
jet engines? Yes, it's called "engite bleed air."

You should keep in mind that engine bleed air is an extremely
hot, high pressure air. The actual temperature and pressure will
depend on the engine throttle setting and ambient air temperature.

The temperature can range from close to 500 F to 900 F and the
pressure from close to 100 to 250 psi.

Engine bleed air as a rule is taken from the last stage of engine
compression. Keep in mind, the number of stages of cawpression will
vary with the different jet engines.

On the fighter aircraft that is used as an example ire this lesson,
the bleed air is tapped from the 17th stage of compression. This is
the last stage of compression on this engine.

Fill in the blanks to complete the following statements.

1. The air tapped Krom the jet engine is called
air.

2. The pressure and temperature of the engine bleed air depends
on the engine

3

1337



CABIN EQUIPMENT
REFRIGERATION REFRIGERATION

UNIT UNIT

C.BIN MR CONDITIONING
BLEED AIR PRESSURE

REGULATOR AND SHUTOFF VALVE
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SHUTOFF VALVE

EQUIPMENT AIR CONDITIONING
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AND SHUTOFF VALVE

TO LEADING EDGE
BOUNDARY LAYER CC. ROL

V

LEADING EDG. ILC
SHUTOFF VALVE

TO tEADIN,' EDGE
BOUNDARY LAYER CONTROL

ENGINE
COMPRESSORS

(17TH STAGE/

TRAILING EDGE MC
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BOUNDARY LAYER CONTROL

RIGHT
ENGINE

ENGINE
COMPRESSORS
(17TH STAGE)

TRAIL! IG EDGE ILC
SHUTOFF VALVE

TO TRAIU VG EDGE
BOUNDARY LAYER CONTROL

Figure 1. Ble.ad Air System.
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Answers to Frame 1: 1. engine bleed 2. throttle setting

Frame 2

Engine bleed air is used for several purposes on the aircraft.
Tt is used to air condition the cockpit, cool the electronic equipment,
keep the windshield clear of rain, and aid in aircraft control through
the boundary layer control system.

When the engines are running, bleed air is supplied to the cabin
air conditioning system, equipment air conditioning system, and to the
boundary layer control OLC) s -tem. Each of these systems has a
shutoff valve to control the bled air. You will learn how the bleed
air is used in each of these systems in future lessons.

Figure 1 shows the bleed air system. The air is tapped from the
17th stage of compression on each of the two engines and is directed
into one duct. From there it is distributed to each of the systems.

Follow the path of airflow in figure 1 from the engines.

Fill in the blanks to complete the following statements.

1. The air used for air conditioning is tapped from the
stage of engine compression.

2. The boundary layer control system receives air from the
system.

3. Engine bleed air -Is used for removing rain from the
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Answers to Frame 2: 1. 17th 2. engine bleed air 3. windshield

Frame 3

On this aircraft, bleed air is supplied by two engines. Check
valves are used to prevent loss of bleed air if one of the engines is
inoperative. Remember, check valves allow a_rflow in one direction
only, or we can say, they prevent a reverse flow of air.

Notice the check valves in figure 2. In this system there is
one check valve for each engine. These are flapper type check valves,
similar to those used in the trainer aircraft air conditioning system.

Air flowing in one direction will open tha flappers, but airflow
in the opposite direction will force the flappers to close. Check
valves normally have arrow stamped on the body of #".! valve to
indicate the direction of airflow.

Fill In the blanks to complete the following statements.

1. Loss of air through an inoperative engine is prevented by a

2. The check valves are opened by

7
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Answers to Frame 3: 1. check !aloe 2. air pressure

Frame 4

Read each statement below then mark each one T (true) or F (false).

1. Engine bleed air is tapped off the 17th stage of compression
on both the left and right engines.

2. Check valves allow bleed air to flow out of the engine
compressor, and also prevent a reverse flow of air into an
inoperative engine.

3. The arrows on the check valves indicate the direction of
airflow.

4. The check valves are opened by spring tension.

5. The engine bleed air system supplies hot, high pressure air
to the boundary layer control system, equipment refrigeration
unit, and the cabin refrigeration unit.

8
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Answers to Frame 4: T 1. T 2. T 3. F 4. T 5.

Frame 5

From the engines, the bleed air is routed through ducting to the
different systems. The ducting is wade up of short sections connected
together with duct couplings.

Short sections of ducting are used to make it possible to remove
and reinstall th. 's for maintenance.

Figure 3 shows dart of the bleed air ducting. The small arrows
point to some of the many couplings used to hold the sections of
ducting together.

The duct sections are made of a stainless steel alloy which can
withstand extremely high temperatures.

The walls of the duct sections can be made very thin, thereby
saving weight. For this reason they have to be handled with care. A
dent or scratch will weaken the duct and can cause it to crack. This
will result in a hot air leak, or rupture of the ducting.

Hot air leaks are very dangerous on aircraft as the hot air can
burn the electrical wiring which can cause system failure, ignite
flammable materials, or soften or burn through structural members.
Ir some cases, total engine failure and loss of flight control has
occurred.

Fill in the blanks to complete the following statements.

1. Duct sections are held together by

2. Engine bleed air ducting is made of alloy.

3. To make it possible to remove and reinstall er:_,ne bleed air
ducting with ease, the ducting is made in

4. One precaution to observe when maintaining the bleed air
system is to handle the with care.

11
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Answers to Frame 5: 1. duct couplings 2. stainless steel
3. short sections 4. ductijAl.

Frame 6

Most of the stainless steel duct sections are rigid. For this
reason a means is needed which will allow for variations in duct
length and for movement of the ducts.

The duct length will change with temperature changes. Increases
in temperature will cause the duct to expand. This is called thermal
expansion.

Thermal compensators are used to allow for duct movement caused
by thermal expansion and cant.action.

A thermal compensator is shown below. This part is made up of
a flexible bellows that allows for linear (lengthwise) movement and
a ball and swivel joint that allows for angular (sideways) movement.

The inner tube (2) is connected to the outer chamber (1) by the
bellows (3). The duct is connected to the inner tube. If the duct
moves due to expansion, the flexible bellows will allow the inner
tubs to move inside the compensator.

On the opposite end of the compensator, the duct is connected
to the swivel joint. The swivel joint (4) allows the ducting to move
angular (sideways) approximately 5 degrees.

I OUTER CHAMBER
2 INNER TUBE

3. BELLOWS ASSY
4 SWIVEL JOINT

O

I4
rrilif lircrrir

144; 111111111111111i11111111111figir. _ i.....4...........4

THERMAl COMPENSATOR 0
Figure 4. Thermal Compensators.
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Frame 6 (Continued)

Fill in the blanks to complete the following statements.

1. An increase in temperature will cause the ducting to

2. Movement of the bleed air ducting due to thermal expansion
or contraction is compensated for by the

3. The swivel joint allows for of the
ducting.



Answers to Frame 6: 1. expand 2. thermal compensator
3. angular movement

Frame 7

When a duct section is removed during mnint-nance and a new
section is installed, it's possible the ducting will not fit together
the same as the old section did. Duct length may vary slightly.

Ambient_ (surrounding) temperature changes may cause variatioic;
in the aircraft structure and the bleed air ducting due to the dif-
ference in expansiva rates of different metalc. This can make it
difficult to align the ducting and to insure a leak proof connection.

Tolerance compensators are installed in the system to compensate
for variations in duct length.

The tolerance compensator is shown below. This unit consists of
a bellows section for flexibility and a threaded section that allows
the maintenance man to adjust the duct lenge . This is done by
screwing the threaded section in to shorten the tolerance colvensator,
or out to make it longer.

THREADS
TOLERANCE COMPENSATOR

Figure 5. Tolerance Compensator.

Fill in the blanks to complete the following statements.

1. If the duct sections do not align properly, the maintenance
technician should adjust the

2. The purpose of the tolerance compensator is to allow for
in duct length.

14
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Answers to Frame 7: 1. tolerance compensator 2. variations

Frame 8

There are several types of clamps and couplings used to join
duct sections together and to attach the units such as compensators
and control valves.

Four different couplings used in the bleed air system are shown
below. They are the Marman V band, Marman Conoseal, Marman J11, and
Janitrol couplings.

Notice that the Marman couplings use gaskets to make an air tight
seal between the ducts, while the janitrol coupling does not.

The Janitrol coupling is designed to make the joint air tight by
pulling the duct flanges together to form a metal to metal seal.

Care must be taken to insure the flanges on this coupling are not
bent or nicked during maintenance, as a damaged flange will cause an
air leak.

FI4XITALLIC GASKET_

MARMAN V BAND COUPLING

GASKET coupling
MARMAN JO JOINT COUPLINGS

GASKET

MARMAN CONOSEAL COUPLINGS

coupling

JANITROL COUPLINGS

Figure 6. Duct Section Couplings.

Fill in the blanks to complete the following statements.

1. Duct sections are held together by

2. An air tight seal is formed in the Marman coupling by the

3. An air tight seal is formed in the Janitrol coupling by the
flanges forv,ng a to seal.

4. A leak at a janitrol coupling could be caused by a damaged

15
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Answers to frame 8: 1. duct couplings 2. gaskets
3. metal to metal 4. flange

Frame 9

Each of the couplings shown in figure 6 will be referred to as a
"V" (Vee) band coupling or clamp. This will be the general flight line
terminology that you will encounter. They are called V-band couplings
because of their V shape.

The sketch shown (figure 7) identifies some of the parts of a
V-band coupling. Notice the "T" bolt and quick coupler latch. This
permits disconnecting the coupling without complete removal of the nut.

Quick
Coupler ----4
Latch

T -Bolt

Trunnion

Figure 7. Components of a V-band Coupling.

The V-band couplings are normally used where the pressure and
temperature are high, such as in the bleed air manifold ducting and
the ducting leading to the air conditioning package.

Fill in the blanks to complete the following statements.

1. Couplings having a V shaped groove that fits over the duct
flanges are normally called

2. Couplings used on the ducting carrying the bleed air to the
equipment refrigeration unit would be of the

type.

16
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Answers to Frame 9: 1. V band ,touplings 2. V band

Frame 10

The gaskets used with the Marman V-band couplings are made of a
metal wire molded into an asbestos material. These gaskets are called
flexitallic gaskets.

The gaskets used with the Marman Conoseal couplings are cone
shaped stainless steel gaskets.

The gaskets used witt. the Marman J11 are made of a copper alloy
and are formed to fit machined grooves in the duct flanges.

Each of the gaskets are designed to fit a specific type of the
duct connection and can not be interchanged.

When a duct connection is loosened, or removed and replaced, new
gaskets must be installed.

To prevent damage to the gaskets they must be handled with care.
Hot air leaks can take place at the couplings if the gasket is damaged
or if the gasket is not put in properly.

Proper installation means having the duct flanges aligned so the
flanges mate properly, insuring the coupling is on the connection
straight, and torquing the coupling to the torque value specified by
the applicable technical order.

Fill in the blanks to complete the following statements.

1. The material used in the gaskets for Marman V band couplings
is metal and

2. Whenever a duct connection is disconnected, a new
should be installed.

3. A leak at a Marrow: V-band coupling could be caused by a
defective

17



Answers tc Frame 10: 1. asbestos 2. gasket 3. gasket

Frame 11

The sketch below shows two additional types of couplings. These

are the Marman Channel Band and Rubber Teck couplings. Couplings of

this type are not used in the hot bleed air system. They are used in
the air conditioning system where the pressure and temperature have
been reduced.

To form an air tight seal, the rubber teck couplings uses a
synthetic rubber seal. The Harman Channel Band coupling uses a Fiber-

glas reinforced rubber sleeve. When installing these couplings the
maintenance man must insure their proper alignment.

MARMAN CHANNEL BAND COUPLINGS RUBBER TECK COUPLINGS

Figure 8. Air Conditioning System Couplings.

Fill in the blanks to complete the following statements.

1. The Marman Channel Band coupling is normally used where the

pressure and have been reduced.

2. An air tight seal is formed in the Rubber Teck coupling by a

rubber and in the Marman Channel Band by a rubber

18
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Answers to Frame 11: 1. temperature 2. seal sleeve

Frame 12

Some maintenance on the bleed air system requires you to take off
and put on the duct sections of some parts. This means you will remove
and install duct couplings.

When a duct coupling is put on it must be tightened to a specific
value. How can you tell when it's tight enough? This is one place you
must use a torque wrench.

The exact torque value to use will change with the type and size
of the clamp or coupling. When torquing couplings, you must refer to
the chart of torque values in the technical order for the aircraft on
which you're working.

For example, on the F-4C aircraft, the torque value for a 4 inch
Harman V band coupling is 35 to 40 inch pounds. A 4 inch Marman
Conoseal coupling is torqued to 120 to 140 inch pounds.

To stop complet. separation of the connection in case of a "T"
bolt failure, the couplings are safety wired. The sketch shows a duct
coupling with the safety wire installed.

Note: This is a double. stranded, twisted safety wire.

When installing couplings, you will have to check the applicable
technical order to determine specific procedures for safey wiring
couplings.

Figure 9. Coupling Safety Wired.

Fill in the blanks to complete the following statements.

1. When duct couplings are replaced, they must be tightened
to a specific value.

2. To determine the proper torque value, you should refer to
the is the technical order.

3. To determine if a coupling should be safety-wired you
should check the applicable Orcraft

19
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Answers to Frame 12: 1. torque 2. torque chart
3. technical order

Frame 13

The following information gives some general guidelines that
must be followed when working with ducting and couplings.

1. Preinstallation checks:

a. Exercise particular care during handling and installing
ducts to ensure that flange faces are riot scratched, distorted, or
deformed.

b. Use protective flange cads on the ends of all ducts
until the installation prcgresses to the point where removal of
the cap is essential to the installation.

c, Clean the flange faces and inspec' them every time a
clamp is removed. Clean the flange faces by wiping with a clean
cloth. Do not use a wire brush to remove dirt.

2. Installation:

a. Check the part number to ensure the proper coupling is
being installed.

b. When reinstalling a used coupling, visually chch it
for spreading of the V section, broken spot welds, worn T-bolt Threads,
bent T-bolt, and freedom of movement of the letch and trunion.

c. When gaskets are used, use care to avoid nicks rr burrs
on the gasket surfaces. Whenever a joint is disasseMbled, a new gasket
should be used when reassembling. Ensure the gasket is properly
seated.

d. Determine the correct torque for the T-bolt by referring
to the applicable technical order.

e. Tighten the nut to about 2/3 of the specified torque,
then tap the coupling lightly with a plastic mallet. Continue
Eaternately torquing and tapping until the torque wrench stabilizes
at the specified value.

t. Safety wire the T-bolt as directed by the applicable
technical manual.

NO RESPONSE REQUIRED

20
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Frame 14

Read each statement below, than mark each one T (true) or. F (false).

1. Angular movement and linear growth due to thermal expansion
is compensated for by the thermal compensator.

2. The ball joint on the thermal compensator allows for angular
movement.

3. The thermal compensator is used.to adjust for variations in
duet length during maintenance.

4. To align the ducts when installing a new section of ducting,
the maintenance man can adjust the tolerance compensator.

5. The gaskets used with the Marman couplings must be replaced
each time the connection is loosened.

6 A damaged gasket could cause an air leak in a Janitrol
coupling.

e

i. Couplings are used to join duct sections and control units
to the duct.

8. The Marman Channel Band couplings use a sleeve to form an
air tight seal.

9. Marian Channel Band couplings are used in the hot, high-
pressure bleed air system to attach units to the ducts.

10. When installing duct coupling'', the maintenance man must
tighten them with a torque wrench.

11. To determine the proper torque value for a duct coupling,
you should refer to the technical order.

12. An air leak at the duct coupling could be the 1esult of a
damaged gasket, or an improperly torqued coupling.

21
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Answers to Frame 14: T 1. T 2. F 3. T 4. r 5.

F 6. T 7. T 8. F 9. I 10.

T 11. T 12.

Frame 15

Since the air passing through the bleed air ducting is extremely
hot, the heat from the duct can damage nearby equipment. If touched,

the hot ducting can cause injury to maintenance personnel.

To stop damage to equipment and to protect the. maintenance
personnel the engine bleed air ducting is insulated.

Four different types of insulation are used; they are: fiberglas

blankets, metal foil, fiberglas tape, and preformed fiberglas.

anonym

16. 1, -"111r..; ".--w-InancArt4

Yt

M .41,

Figure 10. Bleed Air Duct Insulation.

The fiberglas blanket insulation is made up of fiberglas covered

with a fabric material an sewn together with a fiberglas thread.

va blankets are made specific sections of ducting or valves.

the ends are clamped luct with a metal band clamp.

The metal foil insulation is made up of fiberglas with a thin
metal fail covering on each side. Each piece of this insulation is
made .o cover specific sections of ducting or certain units. There

is also a pie of this metal foil insulation covering the refrigera-
tion unit he ,t exchanf!er. This insulation is held in place with
safety wire laced around small metal studs along joining edges.

The fiberglas tape is a material that is approximately 2 inches
wide and is simply wrapped on the duct and held in place with a

special thermosetting tape. This insulation is used on some of the

smaller sections of ducting.

22

135

FA



4

Frame 15 (Continued)

Fill in the blanks to complete the following statements.

1. To prevent heat damage to adjacent equipment and injury to
personnel, the bleed air ducting is

2. The four types of insulation used on hot air ducts are
fiberglas , metal
fiberglas , and fiberglas.

3. Metal foil insulation is held in place with

23
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Answers to Frame 15: 1. insulated 2. blankets, foil, tape, preformed
3. safety wire

Frame 16

The illustration below shows insulation installed on a section
of ducting. Number 1 points to the preformed fiberglas insulation
(our fourth type) and number 2 points to metal foil insulation.

Figure 11. Duct Insulation.

The preformed fibe glas insulation (1) shown above, is a solid
piece that is formed to fit specific installations such as around
a duct or compensator. This insulation is usually made in two pieces
(halves) and is held together on the duct by insulet-:,n c' Ips and

thermosetting tape.

The metal foil insulation (2) above, is the same material as the
metal foil explained !r. the previous frame. This sketch shows the
insulation on a section of ducting. Notice how the safety wire is
laced to hold the insulation in place.

The metal foil insulation is also used in the form of an insulation
strap to cover duct couplings. The metal foil insulation strap is shown
below. The insulation straps are held in place with safety wire. Notice
in the sketch that the insulation strap is designed with a slotted area
for the coupling bolt (T bolt) to fit through.

Figure 12. Insulation Strap.
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Frame 16 (Continued)

In areas where the ducting or a coupling is not covered with
insulation, the maintenance man must use caution to avoid getting
burned. An exposed duct coupling can become extreme13. 'lot during
operation of the system.

Fill in the blanks to complete the follwing statements.

1. The insulation used on bleed air ducting consists of
and foil materials.

2. Metal foil insulation straps are used to insulate duct

3. One precaution to observe when working on or near the bleed
air ducting is to avoid touching an exposed section of a

or an exposed duct

25
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Answers to Frame 16: 1. Fiberglas and metal 2. couplings
3. duct coupling

Frame 17

A leak c. must be made after completion of repairs or whenever
leaks are thought to exist in the bleed air system.

A leak check on the bleed air system requires the use of special
duct plugs, adapter, and a ground air compressor.

The plugs are put in at several points in the system to isolate
the bleed air system from the refrigeration units, boundary layer
control system, and the engines.

The adapter is put in at one of the engine tapoffs. Air from
the air compressor is put through the adapter to pressurize the ducting.

Excessive leakage is found by pressurizing the system to a speci-
fied pressure, then monitoring the pressure drop over a set period
of time.

As an example, the F-4 is pressurized to 250 psi, then the i.ystem
is closed off. The pressure drop is timed and should not drop below
225 pEi in five minutes. If the drop is greater, then the leakage is
excessive. The point of leakage can be located by sound and by feel.

After this part of the leak check is performed, the duct plugs
and adapters are removed, and the couplings reinstalled. These couplings
must also be checked for leakage. This is done by running the engines
and feeling each connection for leakage.

Actual performance of the leak test requires that you follow
detailed procedures outlined in the technical order.

When performing the leak test you must avoid standing near or in
line will any f the duct plugs while the system is pressurized. Severe
injury ma: result if a plug is blown out.

Fill in the blanks to complete the following statements.

1. After you install a new section of ducting you must perform
a

2. When performing a leak test of the bleed air system you
should follow the procedures outlined in the

3. When performing a leak test, thm bleed air system is
isolated by using

26
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4. Duct plugs are used to isolate the
system for the leak testing.

Frame 17 (Continued)

5. Leakage in a bleed air system can be determined by timing
the

6. One precaution to observe when performing a leak test is to
avoid standing in line with
while the system is pressurized.



Answers to Frame 17: 1. leak test 2. technical order
3. duct plum 4. bleed air
5. pressure drop 6. duct plugs

Frame 18

There are several safety precautions that you must follow while
working on the bleed air system. These precautions are to protect
the equipment, to protect you and other maintenance personnel, and
to insure the aircraft is safe to fly. Some of these precautions
are listed below.

1. Extreme care should be used to avoid denting or scratching
the ducts when these ducts are removed or installed. A dent or
scratch could weaken the duct and cause the duct to rupture.

2. Use care when installing ducting with janitrol couplings to
avoid damaging the flanges. A damaged flange will cause an air leak.

3. All coupling gaskets and seals should be handled with care.
Damage to the gaskets or seals can result in a severe air leak which
could damage the aircraft or adjacent equipment.

4. Always install a new gasket whenever a duct canlection is
loosened.

5. Torque each coupling to the value sp,!.ified by the technical
order.

6. Avoid touching or otherwise coming in contact with the exposed
ducts and duct joints.

7. Do not stand near or in line with the bleed air duct plugs
when performing a bleed air system leak test. You could get hurt if a
plug blows out while under pressure.

Fill in the blanks to complete the following statements.

1. To determine the torque values for duct courlings, you should
refer to the

2. When installing a new Merman coupling, you should install a new

3. An air leak at a duct coupling could be caused by a damaged
or an improperly coupling.

4. Ducting should be handled with care to avoid or

5. Precautions to observe when maintaining the bleed air system
require that you avoid the hot air ducts and
standing in line with

28
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Answers to Frame 18: 1. technical order 2. gasket
3. gasket torqued 4. denting or scratching
5. touching duct plugs

Frame 19

Read the following statements, then mark them T (true) or F (false).

1. The coupling shown in figure 13 is used to join sections of
ducting in the bleed air system.

Figure 13.

2. The coupling shown in figure 14 is used to attach units to
the ducts in the hot bleed air system.

Figure 14.

3. To prevent possible air leaks, the gaskets used with the
duct couplings should be replaced each time the coupling
is loosened.

4. To prevent possible injury, maintenance personnel should
avoid :oming in contact with hot, exposed duct couplings.

5. All duct coupling seals and gaskets should be handled with
care to prevent possible damage.

6. To prevent stripping the nut and bolt on the couplings, the
nut is tightened only hand tight.

7. An air leak at the coupling could be caused by a gasket
damaged during handling or an improperly installed gasket.

8. Couplings using a rubber seal or sleeve are designed for use
on ducts carrying hot, high-pressure air.

9. All clamps must be tightened to technical order specification
with a torque wrench.

10. Asbestos material is used to insulate all bleed air ducts.

29



Frame 19 (Continued)

11. Duct couplings are insulated with a metal foil strap.

12. The bleed air ducting is insulated to prevent heat damagt
to adjacent equirmmt.

13. Metal foil and preformed fiberglas are two types of duct
insulation.

Place the letter of the unit shown below in the blank space
opposite the statement that identifies the purpose of the unit.

14. Permits linear growth of a duct caused by thermal expansion
and allows angular movement of the ducting.

15. Permits the necessary adjustments during maintenance of the
bleed air system.

hi NI*
111 A I

THREADS
TOLERANCE COMPENSATOR

BALL
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O
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I
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14jit'11111111111111116{M 111111#141

THERMAL COMPENSATOR

Figure 15.
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Answers to Frame 19:
OU

T 1.

F 2.

T 3.

T 4.

T 5.

F 6.

T 7.

F 8.

T 9.

F 10.

T 11.

T 12.

T 13.

B 14.

A 15.

13G
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Environmental Pneudraulics Branch C3ABR42331-WB-201

Chanute AFB, Illinois

DECADE RESISTORS

OBJECTIVES

Given an illustration of the panel face of the decade resistor with
predetermined control settings, compute a minimum of 3 out of 4 decade
switch control settings for designated switches into total ohm resistance.

INSTRUCTIONS

Do not start this workbook unless you have satisfactorily completed
the programmed text PT-202 and have achieved the objective. You will only
use a lead pencil to complete this workbook. Do not start this workbook
without one.

You may separate the pages of this workbook if you desire. You will
find definitions on this page of this workbook. Be sure yoy know these
definitions.

When you go to another page, figure, etc., be sure you follow the
instructions. You will be required to complete the exercises as given.
After the exercises are properly completed, you will be assigned a
performance test. You will be required to complete the performance test
in accordance with instructions provided and meet the minimum performance
standards given in the above objective. If you do not understand the
above objectille, see your instructor at this time.

DEFINITIONS

Read these definitions below so you will have a better understanding
of the subject you are studying.

Decade Switch Control Setting - These are numbers you will find around the

outside of each switch. These range from 0 through 10. See figure 1
on page 4.

Decade Switch Designation - This is written below each switch on the panel
face. See figure 1, page 4.

Decade Switch Total Ohms - This is the total ohms value for only one
switch.

Decade Total Ohms - This is the total resistance value which the decade
box is set for.

MEG - This is the abbreviation for megohm. Megohm is one million ohms
(1,000,000).

If you have any questions about the above definitions, see your
instructor,

Supersedes C3ABR42331-WB-200, 25 June 1982.

OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 300; DAV - 1
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In the following exercises you will be instructed on how to compute
the decade switch designations and control settings into decades total
ohms values. This will be achieved by using tne given illustrations of
the decade panel face shown with predetermined control settings.

PERFORMANCE EXERCISE 1

You will find figure 1 decade switch control settings will also be
shown in figure 2 beside each decade switch designation. Compare what you
will find in figure 1 to figure 2. You will only study this exercise and
not be required to make any entries.

The (X) in the decade switch designation in figure 2 and on the panel
face of figure 1 means to multiply the decade switch control setting times
the decade switch designation to find the decade switch total ohms. After
you have found each decade switch total ohms you must add these totals to
find the total decade value of 5,000,360.2 ohms.

Example for switch one (X0.1), figure 1. The decade switch control
setting for (X0.1) from figure 1 was placed in its column in figure 2.
Multiply times the decade switch designation (X0.1) for an answer of 0.2
ohms, for the decade switch total ohms. This same procedure is followed
for the rest of the nine switches. Then all the decade switches total ohms
are added for the decade total ohms of 5,000,360.2 ohms.

Study each one of the figures and if you understand the exercise, go
on to Exercise 2. If you do not fully understand the information above
and/or the two figures, s.2e your instructor at this time.
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Figure 1. Panel Face.
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Decade Switch Decade Switch
Control Setting i Designation

Decade Switch
Total Ohms

0 X 10 MEG 0.0

5 X 1 MEG 5,000,000._0

X 100,000

X 10,000

0.0

0 0.0

0 X 1,000 0.0

3 X 100 300.0

6 X 10 60.0

0 X 1 0.0

2 X 0.1 0.2

Decades Total Ohms 5,000,360.2 Ohms

Figure 2

Note: Be sure you have all of the DECIMAL points in a straight
column.
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PERFORMANCE EXERCISE 2

This performance exercise will help you learn and practice how to
compute the decade switch designations and control settings into decade
total ohms. This will help you meet the minimum standards required in the
objective to pass this performance test.

First you write the decade switch control setting found in figure 3 in
the decade switch control setting column in figure 4 for all nine switches.
Then in figure 4, multiply the decade switch control setting times the
decade switch designation and write this answer in the decade switch total
ohms column. Now add up all nine of the ohms and record it in figure 4.

Note: Be sure you have all of the decimal points in a straight
column as shown in figure 2 for all your future work.

After you have completed figures 3 and 4, check your work against the
correct answers given in this book on page 8. If your work is correct and
you don't have any questions, you will start Exercise 3.

6
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EXERCISE 2

Figure 3.

Decade Switch Decade Switch
Control Settin: Designation

Decade Switch
Total Ohms

X 10 MEG

X 1 MEG

X 100,000 .

X 10,000 .

X 1 000

X 100

X 10 .

X 1

X 0.1

Decade Tutal Ohms .

Figure 4.
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Correct answers to Exercise 2.

Decade Switch
Control Setting

Decade Switch

[

Decade Switch
Designation Total Ohms

4 X 10 MEG ;0,000,000.0

2 X 1 MEG 2 000 000.0

3 X 100,000 300 000.0

3 X 10,000 30 000.0

1 X 1,000 1,000.0

3 X 100 300.0

5 X 10 50.0

7 X 1 7.0

9 X 0.1 .9

Decade Total Ohms
42,331,357.9 Ohms

8
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PERFORMANCE EXERCISE ?

You must do this performance exercise in the order given. If you have
any questions about the decade switch or the exercise, you should ask your
instructor during this exercise.

You will be assigned at least three problems to do in this exercise.
APr you complete them, your instructor decides if you must complete an
additional three before any further progress is assigned.

After you have completed the first three problems, given the completed
workbook to your instructor for evaluation of your work. If the instructor
determines you are ready for your performance test, you will be assigned to
take the performance test when directed by the instructor.

If your instructor determines you need additional practice and training,
the instructor may assign problems 4, 5, and 6 for you to complete. You
will complete them only if directed by the instructor.

Start with problem 1 and complete all three problems.

9
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PROBLEM 1

Figure 5.

,Decade Switch
Control Setting

Decade Switch
Designation

X 10 MEG

Decade Switch
Total Ohms

X 1 MEG

X 100,000

X 10,000 .

X 1,000

X 100

X 10 .

X 1

X 0.1 .

Decade Total Ohms

Figure 6.
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PROBLEM 2

AAA::

b

Figure 7.

Decade Switch
Control Setting

Decade Switch
Designation

Decade Switch
Total Ohms Resistance

X 10 MEG .

X 1 MEG

X 100,000 .

X 10,000

X 1,000 .

X 100 .

X 10 .

X 1 .

X 0.1 1 .

Decade Total Ohms Resistance .
F

Figure 8.
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PROBLEM 3
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Figure 9.

Decade Switch
Control Setting

Decade Switch
Designation

Decade Switch
Total Ohms

X 10 MEG .

X 1 MEG .

X 10n,000 .

X 10,000 .

X 1,000 .

X 100 .

X 10 .

X 1 .

X 0.1 .

Decade Total Ohms .

Figure 10.
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STOP!

Aft2r the three problems are completed, show your work to your
instructor.

with.

Your instructor will sign off one of the following for you to comply

Go to page 18

Do practice problems 4, 5, and 6 in the same way as
you were instructed to do 1, 2, and 3 problems.

Note: If you have any questions, see your instructor at this
time.
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PROBLEM 4
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Figure 11.

Decade Switch
Control Setting

Decade Switch
Designation

Decade Switch
Total Ohms

X 10 MEG

X 1 MEG

X 100,000

X 10,000

X 1,000

X 100

X 10

X 1

X 0.1
.

Decade Total Ohms
.

Figure 12.
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PROBLEM 5

0'
HIS OHMS LOW

r)

Figure 13.

Decade SwitchSwitch

Control Setting
Demi.: Switch
Designation

Decade Switch
Total Ohms

X 10 MEG .

X 1 MEG .

X 100,000 .

X 10,000 .

X 1,000

X 100 .

X 10 .

X 1

X 0.1 .

Decade Total Ohms
.

14.



PROBLEM 6
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Figure 15.

Decade Switch
Control Setting

Decade Switch
Designation

Decade Switch
Total Ohms

X 10 MEG

X 1 MEG .

X 100,000

X 10,000 .

X 1,000

X 100

X 10

X 1

X 0.1 .

Decade Total Ohms

Figure 16.
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STOP!

After you have completed problems 4, 5, and 6, zou must have them
checked by the instructor.

The instructor Ltsy at this time allow you to progress to the
performance test if the instructor has signed you off below.

Student is ready for performance test

Student is not ready for performance test and will follow instructions

as given by the instructor

17
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PERFORMANCE TEST INSTRUCTIONS

1. Remove this page any the next page and write your name on them.

2. Take these two pages and all fl your workbook to your instructor.

3. Insure your instructor has your daily record.

4. Read the performance test instructions provided for you by your
Instructor.

If you have read all of them and understLad them, initial here
and immediately

5. Ask the instructor to initial below el you may start the p: jormance
test. Do not start the performance test' ntil the instrut has
initialed 6 below and has also written the performance to uumber
on the next page.

6. Instructor initials for you to start performance
test.

Student's Name

Note: Items below ccmpleted by the instructor.

STAR .ME AND DATE

START TIME AND DATE

SATISFICTORILY COMPLETED

UNSATISFACTORILY COMPLETED

RETAKE YES NO

18
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PERFORMANCE TEST WORKSHEET
PERFORMANCE TEST NUMBER

PROBLEM 1

Decade Switch
Control Setting

Decade Switch
Designation

Decade Switch
Total Ohms

X 10 MEG .

X 1 MEG

X 100,000

X 10 000

X 1,000

X 100

X 10

X 1

X 0.1 .

Decade Total Ohms .

PLOBLEM 2

Decade Switch
Control Setting

Decade Switch
Designation

Decade Switch
Total Ohms

X 10 MEG .

X 1 MEG

X 100,000 .

X 10,000

X 1,0u0 .

X 100

X 10 .

X 1

X 0.1

Decade Total Ohms

CTITTIVMTIC MAW

19
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PERFORMANCE TEST WORKSHEET
PERFORMANCE TEST NUMBER

PROBLEM 3

Decade Switch
Control Setting

Decade Switch
Designation

Decade Switch
Total Ohms

X 10 MEG .

X 1 MEG .

X 100,000

X 10,000 .

X 1,000

X 100 .

X 10

X 1 .

X 0.1

Decade Total Ohms .

PROBLEM 4

Decade Switch
Control Setting

Decade Switch
Designation

Decade Switch
Total Ohms

X 10 MEG

X 1 MEG

X 100,000 .

X 10,000 .

X 1,000

X 100 .

10

X 1

X 0.1 .

Decade Total Ohms .

STTMPNT IS MA'
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Enviroamental Pneudraulics Branch C3ABR42331-WB-2018
Chanute AFB, Illinois

TEMPERATURE CONTROL PANEL MINIMUM PERFORMANCE TEST

OBJECTIVES

Given the minimum performance test procedures and related electrical/
electronic test equipment, perform the minimum performance test and
determine the sere ceability of a temperature control panel, locating a
minimum of two out of three troubles correctly.

EQUIPMENT

Power Bench P/N 18 79 4534
Power Bench UNIT-A
Temperature Control Panel
Multimeter
Decade Box

Caution: The student WILL NOT at any time turn ON any of the
three (3) power switches found on the right side of the power
bench.

Caution: DO NOT make any electrical connections until instructed
to do so. DO NOT mix your leads, cables, etc., with your
neighbor's equipment.

Supersedes ST C3ABR42331-WB-201B, 6 April 1982.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 400; DAV - 1
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DEFINITIONS

MINIMUM PERFORMANCE TEST - This is a test procedure required by the
manufacture on all units prior to installation in the aircraft.
This applies to all new units received from the manufacturer, to
recently overhauled units, and to units which have been in
storage. It is not necessary to dismantle the units in order to
carry out this tes. is is not done on the aircraft like the
cabin refrigeratit function, but on a bench without the
aircraft circuit. Dais is to insure the temperature control panel
will be serviceable before installation on the aircraft.

CONTROL CHARACTERISTICS - This is the relationship shown by a graph for
the HOT and COLD signals giving the deadband, pulsing and full
demands, figure 11.

UNIT - In this lesson UNIT is the same as TEMPERATURE CONTROL PANEL, see
figures 6 and 8.

UNIT-A - Is the fighter air conditioning test set (UNIT-A), or air
conditioning test set, see figures 1 and 7.

TEMPERATURE CONTROL PANEL - Same as: (Control, Temperature, Mag Amp),
(Temperature Controller), (Temp Cont), (Temperature Control Panel),
(Cabin Temperature Controller), see figures 6 and 8.

ADAPTER CABLE - The cable used to connect the temperature control panel to
the fighter air conditioning test set (UNIT-A), see figure 3. This
cable has the malfunction UNIT-A box permanently attached for training.
The malfunction UNIT-A box would not be attached to the shops cable or
found outside of a class environment.

AIR CONDITIONING TEST SET - Same as fighter air conditioning test set UNIT-A
or fighter cabin air conditioning test set.

FIGHTER AIR CONDITIONING TEST SET - Same as air conditioning test set.

DEPICTED - To represent by a picture.

PARAMETERS - A measured value which expresses performance.

SIGNAL - Electrical (voltage) values sent to loads. (Example: DS lights,
Motor windings (S-1).

ABNORMAL - Not normal, the position of the switch which places the circuit
in a condition with a possible electrical defect.

NORMAL - The position of the switch which places the circuit in a condition
with no electrical defects.

VALVE - Dual temperature mixing valve or temperature mixture valve motor.

3
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THE FIGURES START ON PAGE 32.

Figure 6 - This figure is provided for reference when needed. You will

find circuitry of the bridge inside and outside of the temperature control
panel. The student may refer to the wiring diagram given in figure 6. This

diagram will not be used during the evaluation unless the instructions allow
it to be used

Note: If at any time instructor's initials are required in the workbook,

you will stop and request the instructor's initials.

In this workbook, you will find the minimum performance test procedures
for the fighter temperature control panel. These procedures are similar to

what you will be using on the flightline. The fl,;hter temperature control

panel (unit to be tested) is the same one used for the auto and manual
operation of the dual temperature mixing valve on the aircraft shown in figure

5. On the flight line, the manufacturer recommends that the minimum performance
test be carried out on all temperature control panels prior to installation in
the aircraft.

The temperature control panel is shown in figure 8.

Place UNIT-A (Fighter Air Conditioning Test Set) in front of you on the

power bench.

Remove the lid from UNI1-A, leave the wires inside UNIT-A, until instructed
to remove tnem.

4
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Section 1. FAMILIARIZATION

In figure 7, you will find a picture of the tester which is used to do
the minimum performance test. This tester is called "Air Conditioning System
Test Set" UNIT-A.

UNIT-A is made locally and for school use only, and not for flight line
use. On the flight line you will use only the equipment authorized in the
technical orders.

Figure 7 shows the top view of the fighter air conditioning test set
(UNIT-A). TINIT-A has a control panel which has a storage area on its right
and left. the adapter cable can be found in the left storage area, and power
cables, test leads (red and black) in the right storage area.

Using figure 4, you will find two power switches, two circuit breakers,
two power lights, one for 115V AC and one for 28V DC. The power switches will
control power to the tester and temperature control panel under test.

The sensor (R-102) is where .he decade box will be connected, see figure 4.
The decade box is a means to control the resistance manually in place of the
actual sensor.

The Jl Amplifier Control is the point on the tester where the adapter cable
is connected later from the temperature control panel, see figures 3 and 4.

The defog/footheat simulator switch (S-105) in figure 4, is electrically the
same switch as the defog switch, figures 6 and 12. As you recall this switch is
in the bridge circuit as shown in the past wiring diagram. This is also the
same switch which is controlled by the footheat and defog lever on the trainer
in figure 5.

In figure 4, the DS-1 (cold) and DS-2 (hot) lights are used to give a visual
indication if a voltage is leaving the temperature control panel. Sometimes the
voltage is so small that the lamps are hard to see come on. If that happens a
multimeter may need to be used at the TP points to check for small signals.

DS lights coming on indicates that motor windings on the Dual Temp Mix Valve
are receiving the signal. Remember; the magnetic amplifier with its' feedback
circuit creates and regulates the pulse voltages going to the valve motor,
which in turn regulates the temperature of the air in the cabin.

In the right storage compartment of figure 7, is one black and red test lead
used to connect the decade box to the sensor (R-102), the green jacks on the
fighter air conditioning test set. This places the decade box in place of the
cabin temperature sensor circuit during test. This will allow resistance to be
manually programmed in place of the sensors resistance. Also, in the right
storage compartment are two black power leads with plugs on them. One is for
the 28V DC and the other for 115V AC 400 Hz power. These plugs will allow the
tester to be connected to the power bench.

5
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Section 2. CONTROL CHARACTERISTICS

PRELIMINARY

Before progression to Section 3, the following MUST be understood.
The deadband as shown in figure 11, is between points C and A, this is
also called the control point. This is the time when the bridge is
normally balanced. During the deadband, the hot and cold transistors
are off. Remember, the deadband occurs when the bridge is balanced,
and this results in no power to the temperature mixture valve or during
test no power to the DS lights.

Outside the deadband, signals are sent to the motor or DS lights.

Always perform the minimum performance test in the order stated,
otherwise erroneous readings or indications may be obtained.

A unit passing the minimum performance test, which is free from
obvious mechanical defects, may be put into service.

A unit failing the minimum performance test should be identified
for repair.

Note: Calibration or repair will not be part of your training here.
The various operations are changes in resistance in the bridge,
resulting from changes made by programming the decade box as required.

Note: The decade resistance box is in place of the sensor during
the test.

This is the same as if a decade box were connected in place of the
sensor at points "A" and "B" of the cabin temperature sensor, see figure 6.

During a "Pulsing Demand" in figure 11, Part h hither (A to B) or
(C to D) will have many "Pulse Periods."

During a "Pulse Period," either the HOT or COLD transistor will be
OFF and the other ON.

The transistors switches on and off repeatedly, sending a series of
pulses to the DS lights on the tester. Remember, the DS lights are used
in place of the motor windings during a minimum performance test.

The pulse period, figure 11, may vary in length of time as determined
by the magnetic amplific- circuits.

The pulse period which is made of the TIME ON and the TIME OFF, may
each vary in time.

6
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For Example: Point A to B in figure 11, the bridge is unbalanced.
At point A, the Time ON is very short compared to the Time OFF. As the
resistance increases in the sensor or decaded, the time on becomes
greater and time off becomes less near point B. This happens while
passing through the pulsing demand area. After point B, the voltage
normally goes to full 28V DC to drive the valve (Hot DS light On) to
give a full hot.

During the pulsing hot demand, the cold transistor may turn on.
This signal is normally not as strong as the hot signal. This is caused
by the feedback circuit and aids to slow down the rate at which the valve
moves to deliver hot air. This helps create the pulsing of the DS
light(s) or on the aircraft makes the valve pulse.

7
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See figure 11, Part B for the following:

FULL COLD DEMAND When full 28V DC is applied to the auto cold circuit
leaving the temperature control panel. The cold light
during test will be on steady or in the aircraft the
valve will run full cold. This is always caused by
an unbalanced bridge. In this case the low resist.ace
in the sensor circuit or during test, it's the decade
resistance causing the unbalanced condition.

PULSING COLD DEMAND This normally happens before FULL COLD demand. This
is where the cold light will pulse, or in the aircraft
the valve will pulse to the cold position. This
results from the bridge being unbalanced, because
the sensor or decade has decreased in resistance.

DEADBAND When the bridge is balanced with both DS lights out
during the test. If on the aircraft with a balanced
bridge, the valve will not receive power.

PULSING HOT DEMAND This normally happens before FULL HOT DEMAND. This
is where the hot light will pulse or on the aircraft
the valve will pulse to the hot position. This
results from the bridge being unbalanced, because
the sensor or decade has increased in resistance.

1111

FULL HOT DEMAND When full 28V DC is applied to the auto HOT circuit
leaving the temperature control panel. The hot
light, during the test, will be on steady or in the
aircraft the valve will run full hot. This is always
caused by an unbalanced bridge. In this case the
high resistance in the sensor circuit or during test,
it's the decade resistance causing the unbalanced
condition.

8
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Place a checkmark by the correct answer for the following questions
or statements. You may refer to the past material if needed.

1. Failing of the (temperature control panel) to pass a minimum performance
test may be caused by

a. calibration defects.

b. mechanical defects.

c. all the above.

2. When the bridge is balanced, it is also said to be in the

a. deadband.

b. control point.

c. all the above.

3. Full cold demand and full hot demand deliver the same temperature with the
high resistance in the decade.

a. True

b. False

4. The LS-1 light is connected to the cold circuit from the temperature contr
panel.

a. True

b. False

5. To get full cold, resistance in the sensor or decade must be

a. low.

b. high.

6. The hot and cold pulsing demand will constantly be the same.

a. True

b. False

7. The bridge circuit is balanced at B in figure 11.

a. True

b. False

For Exercise 1, instructors initiala below.
III Progress Today

ANSWERS ON PAGE 30.

9
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Section 3

TESTING
MINIMUM PERFORMANCE TEST

MINIMUM PERFORMANCE TEST

The following procedures and equipment provides a minimum check
of the temperature control panel.

TOOLS AND EQUIPMENT

Power Bench with UNIT-A

Decade Box

Multimetei

Temperature Control Box

11
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PREPARATION

1. Make sure the two power switches ON UNIT-A are off, see figure 4.
,cnnect the AC and DC power cables from UNIT-A to the power bench
outlets. These are found ih front of you, under 1.:.e cabinets,
see figure 9.

2. Remove the malfunction UNIT-A with the adapter (figure 10), and
place it as shown on the bench in figure 10. Remove the plastic
dust covers two et.. , from its two plugs and store them in the LEFT
storage compartment.

3. Tlemove the plastic cover from "Jl Amplifier Control" on UNIT-A and
also place it in the LEFT s~-.rage compartment.

4 Remove the plastic cover from the electrL 11 plug on the back or the
temperature control panel (white box), figure 8, and place this one
in the right storage compartment of UNIT-A.

5. Connect the two plugs of the adapter cable one (the male plug) to
"J1 Amplifier Control" on UNIT-A and the other (the female plug)
to the temperature control panel, see figure 10. Insure all nine
abnormal/normal switches are in the normal position.

o. At this time a decade box and multimeter with leads, are h?.eded from
the storage area- Get one each and place their as shown in figure 10.
Insure the decade it. programmed to zero and the meter is set for
28V DC and connected to the tester.

i. Attach the decade red and black post to the son3or R-102 with the reel
and black leads provided in UNIT-A. The red/black leads may go in
either green jacks on UNIT-A, see figures 4 and 10.

8. Set or verify simulator switch S-105 on UNIT-A is set to "Footheat"
which means Defog Off.

9. The Cold DS-1 and Hot DS-2 bulbs need to be tested by pushing down on
each of the DS lights to see if they have gold bulbs in them. This is
done by placing UNIT-A 28V DC power switch to on (DC only). This
makes the red light just above it come on. With only the 28V DC
power on, push down on the lens of each DS light to see if it comes
on. Thin is where it says "PRESS TO TEST." If either one or both
lamps fail to light under the press to test period notify the
instructor.

12
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1-CABIN SECTION - APPLY1YG POWER

a. Place 115V AC 400 Hz power switch "ON" found on the tester. The
RED light above it should come on indicating power is at the tester
and temperatur, control bc:.

b. Place the 28V rC power switch "ON" found on the tester. The RED
light above it should come on indicating power is at the tester and
temperature control box.

Explanation for the above

IMPORTANT Note: When the double line is seen in this workbook (like the above
one), the material above it is the minimum performance steps. The
material below it is provided to clarify the steps above the lines.
Be sure the material below the line is studied carefully. This should
be done before any attempt is made to accomplish the mi-imum performance
steps above it or the following rages.

2-CABIN SECTION CONTROL POINTS

The cabin section has two control points, one in the cabin-defog off (S -105
in footheat) condition and the other in the cabin-defog on (S-105 in defog)
condition. Reference to the appropriate electrical schematic figures 6 and
12. This shows it's accomplished on the aircraft by a remotely located
switch (cabin defog sw). The control point is changed by switching appropriate
resistance values (resistors) in or out of the bridge circuit. For test
purposes, this is done by the FOOTHEAT-DEFOG S-MULATOR switch (S-105) on the
tester.

a. The control point is not checked directly because there is no significant
measurement that can be made at this point. The control point is the
center of the deadband. The deadband is checked at two points A and C,
that is where it breaks into the two pulsng bands for hot or cold, see
figure 11.

Explanation for the above

When the above said "Two Control Points" (Deadbands) it means that with
just F movement of the defog switch, the bridge will have different fixed
resistor(s) in it, see figure 11. This will make the bridge have two
different deadhands.

Figures 6 and 12 show R-6 and R-lb are part of the bridge with cabin
defog OFF. In defog ON R-7 is in the bridge and not R-6 and R-lb. R-8,
R-11 and R-12 are fixed resistors which are in the bridge for defog ON and
OFF. The resistors are mounted in the temperature control panel.

1:tcause of the two control points, both must be tested in the minimum
performance test.

NOTE: For S-105:(Switch)
FOOTHEAT = DEFOG - OFF
DEFOG = DEFOG ON

Footheat is one of the deadbands and defog
is the other deadband and each have their
own values for the control points.
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Turn the temperature selector to the Full hot position (full clockwise)
on the temperature controller. Set the auto manual switch to AUTO on the
temperature controller. Set S-105 switch to the footheat position on UNIT-A.

YOU WILL NOW BEGIN THE MINIMUM PERFORMANCE EXERCISE

3 - CABIN SECTION DEFOG-OFF FINDING DEADBAND (Between C and A figures 13 or
18)

a. The control is in the deadband when both lamps DS-1 and DS-2 are off.

DS-1 is the COLD signal - GREEN

DS-2 is the HOT signal - RED

b. Decade resistor R-102 setting shall be between 1360 and 1660 ohms.

c. Record the decade resistance setting used in the deadband area (see
notes below).

For performance exercises on .figure 13 (all 9 abnormal/normal switches
in normal).

For Performance Test Figure 18

Ex-,lanation for the above

For (b) above: NOTE: You may set decade anywhere between those settings,
but about half way between them is ideal. This is about 1510
ohms.

Note: For the above and throughout this test, some time is required between
each step. A fixed time period is not given because some units under test
may not need the same time as the next. A reasonable time of 15 to 45 seconds
may be a time to start with.

After setting decade to about 1510 ohms, measure the voltage at the TP
points, with the black lead at either ground. Dropping to a lower scale on
the meter may be necessary to check for lower voltage levels than 28V DC.
Remember at this time voltage at both points should be zero and both DS
lights should be out. If not, notify your instructor.

14
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4 - CABIN SECTION DEFOG OFF DETERMINATION OF POINT A (Figure 13 or 18)

a. Increase setting of decade resistor in one-ohm steps until the RED
LAMP DS-2 (hot) just begins to pulse. This is Point A.

b. Record decade resistor setting as R102A1.

For Performance Exercises on figure 13.

For Performar.c.: Test - figure 18

Explanation for the above:

"or (a) above: When the multimeter is connected at TP-2, it should begin
to reflect a pulsing voltage and the range switch may have
to be changed. When turning the knobs on the decade you
may see the lights blink, disregard them while moving the
knobs and also the meter may make a split second erratic
movement which you may disregard.

Fc,r (b) above: R102A1 and Point A are the same in figure 13.

REMEMBER: When DS lights are on, the meter should show a voltage.

Note: The meter should be set on the 10 scale. Don't set it on
the 2.5 scale if you don't understand why. Leave it on the 50 scale
and see your instructor NOW.

15
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5 - CABIN SECTION DEFOG erF - DETERMINATION OF POINT B (Figure 13 or 18)

a. Increase of decade resistor to the point where RED LAMP DS-2 (hot)
is FULL ON. This is point B.

b. Decade resistor R102 setting shall be between 3800 and 7000 ohms.

c. Record decade resistor setting as R102.

For Performance Exercises - on figure 13

For Performance Test - figure 18

Explanation for the above:

For (a) above: You will find that the voltage will increase to a steady
value with this ,:ep, so set your meter for 28V DC BEFORE
doing (a) above (see figure 11). If you don't understand,
inform the instructor NOT: during Exercise 1.

For (b) above: If the resistance is between the two values given, Point B
is OK.

16
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6 - CABIN DEFOG OFF - DETERMINATION OF POINT C (Figure 13 or 18)

1111
a. Set decade resistor so that control is in deadband.

b. Decrease setting of decade resistor in one-ohm steps until the GREEN
LAMP DS-1 just begins to pulse. This is point C.

c. Record decade resistor as R102C1.

For Performance Exercises on figure 13.

For Performance Test - figure 18.

Explanation for the above:

For (a) above: This deadband is from step 3, page 14.

For (b) above: Meter at TP-I should also begin to reflect a pulsing and
the range may have to be changed.

Note: R102C1 and Point C are the same in figure 13.

Note: Step 4 for Point A. Page 15 is almost the same as finding
Point C, so review of it may be of value to you for the above.

17
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7 - CABIN SECTION DEFOG OFF - DETERMINATION OF POINT D (Figure 13 or 18)

a. Decrease setting of decade resistor to the point where the GREEN
LAMP DS-1 is FULL ON. This is Point D.

b. Decade resistor setting shall be between 300 and 600 ohms.

c. Record decade resistor setting f -sr point D.

For Performance Exercises - on figure 13.

For Performance Test - figure 18.

Explanation for the above:

For (a) above: Going up the DS-1 range to Full Cold Demand (full on)
will require the meter to be set to measure the higher
voltage of 28V DC.

For (b) above: If the resistance is between the two values given, Point
D is OK.



8 - CABIN SECTION DEFOG - LIMITS OF DEADBAND

a. Plot the readings recorded as R102A1 and R102C1 on graph shown.

For Performance Exercises - on figures 13 and 14.

For Performance Test - figure 19.

b. The intersection of the two points shall be within the shaded area.

Explanation for the above:

If you have difficulty with the graph, see your instructor. The two
lines for R102A, and R102C, must intersect in the shaded area.

19
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9 CABIN SECTION DEFOG OFF - SELECTOR FUNCTION (Figure 15 or 20)

a. Set selector to COLD (full counterclockwise) position.

b. Increase decade resistor until control is in deadband. Decade
resistor setting shall be approximately 25,000 ohms.

c. Record the deadband setting.

For Performance Exercises - on figure 15.

For Performance Test - figure 20.

d. Rotate selector slowly to HOT (fully clockwise) position.

e. The control shall pass through its HOT pulsiag band and come FULL ON
as indicated by LAMP DS-2. GREEN LAMP DS-1 shall NOT come on.

Explanation for the above:

For (a) above: The selector is on the temperature control panel.

For (b) above: Set decade for 25,000 ohms and measure the TP points and
adjust the decade until you have zero voltage at both
points. Adjustment may not be needed. (Be sure its
setting is 25,000 and not 2,500).

For (c) above: If decade setting is not within 25,000 + or - 3,000 ohms
STOP and see the instructor.

For (d) above: Be sure meter is on the 50 range if in TP-2 or disconnected
from the tester.

For (e) above: Leave it in HOT.

20



10 - CABIN SECTION DEFOG ON - FINDING DEADBAND (Between C and A figure
16 or 21)

a. Set simulator switch on the tester to defog. (Switch S-105).

b. Set selector on unit under test to HOT (full clockwise) pcsition.

c. The control is in the deadband when both lamps DS-1 and DS-2 are
off.

d. Decade resistor setting shall be between 245 and 294 ohms.

e. Record the decade resistor value for the deadband.

For Performance Exercises - on figure 16.

For Performance Test - figure 21.

Explanation for the above:

For (a) above: Before doing (a) insure if meter is connected and range
is on 50.

For (b) above: Meter should be in TP-2 for 28V DC.

For (c) and
(d) above: Should set decade to midway point of about 269 ohms and

than measure the TP points and adjust the decade until
you have zero voltage at both points. Adjustment may
not be needed of the decade.

21
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11 - CABIN SECTION DEFOG ON - DETERMINATION OF POINT A (on figure
16 or 21)

a. Increase setting of decade resistor in one ohm steps until DS-2
just begins to pulse. This is Point A.

b. Record decade resistor setting as R102A2.

For Performance Exercises - on figure 16.

For Performance Test. - figure 21.

Explanation for the above.

For (a) above: Going from the deadband to Point A and the voltages will
at first be low and the meter range needs to be set
correctly.

1408
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12 - CALIN SECTION DEFOG ON - DETERMINATION OF POINT C (figure 16 or 2])

a. Set decade resistor so that control is in deadband.

b. Decrease decade resistor in one-ohm steps until LAMP DS-1 just begins
to pulse. This is Point C.

c. Recode decade resistor setting as R102C2.

For Performance Exercises - on figure 16.

For Performance Test - figure 21.

Explanation for the above:

For (a) above: Deadband same as in step 10.

For (b) above: This again is going from the deadband to point C at which
the voltage value should be low, like going from deadband
to point A.

Note: Disconnect or turn off meter from tester after completing
the above.
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13 - CABIN SECTION DEFOG ON - LIMITS OF DEADBAND

a. Plot the readings recorded as R102A2 and R102C2 on the graph shown.

For Performance Exercises - on figure 17 from figure 16.

For Performance Test - figure 22.

b. The intersection of the two points shall be within the shaded area.

Explanation for the above:

If you have difficulty with the graph, see your instructor. The
two lines for R102A2 and R102C2 must intersect in the shaded area.

I 41 0
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14 - AUTO - MANUAL CONTROL FUNCTInN

1111
a. Set or verify SIMULATOR switch (S-105) on tester is set to FOOTHEAT.

b. Set or verify that selector on unit under t st is set to HOT (full
clockwise) position.

c. Set decade resistor R-102 to 400 ohms.

d. Lamp DS-1 shall be full ON.

e. Set AUTO-MANUAL switch to manual hot DS-2 should be on..DS-1
should be off.

f. Set AUTO-MANUAL switch to AUTO.

g. Set decade resistor R-102 to 7000 ohms.

h. Lamp DS-2 shall be full ON.

i. Set AUTO-MANUAL switch to manual cold, DS-1 should be on. DS-2
should be off.

A meter is not needed for the above, so be sure it is disconnected
before (a) is started.

It should be noted at the end of Exercise 1 that you have performed the
minimum performance test and unit under test should be serviceable. (This
is with all nine normal/abnormal switches in normal.)

Show figures 13 through 17 to your instructor and inform your instructor
of anything you don't understand at this time.

Instructor's Initials
Here for Figure 13 through
Figure 17
Go to page 26 .

25
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PERFORMANCE EXERCISE INSTRUCTIONS

STUDENT WILL NOT BEGIN PERFORMANCE EXERCISE UNLESS THE INSTRUCTOR
HAS INITIALED PAGE 25.

This is the performance exerzlse (practice work) in which the
requirement is to complete at least the first three assigned problems
satisfactorily. In addition to the first three practice problems an
additional 4 may be required. These additional problems are only
required if the instruct -' t determines additional exercise is needed.
During the performance . -ise, questions may be asked of the instructor
within reason. The inst- .:tor will always reserve the right on how or
if to respond to the questien(s).

ORKSHEET INSTRUCTIONS FOR PAGE 27

The "ABNORMAL/NORMAL INDICATION SW NUMBER" column is the place where
the instructor will 'ill% the switch numbers.

'STEP NUMBER" column, "RECORD TES1 RESULT" column and "SERVICEABLE"
column are the columns the student will place the correct responses as
will be demonstrated later in the workbook for problem 1.

Belcw are test results from which you may pick the correct one for
your problem. This is to be recorded under "RECORD TEST RESULT" column.

No Pulsing and No Full Hot Demand

No Pulsing and No Full Cold Demand

No Manual Hot

No Manual Cold

Full Hot Demand

Full Cold Demand

Out of Deadband Standards

Figures 13, 14, 15, 16 and 17 are to be used for probloms 1 th?ough
7. The answers may be erased on these figures after the assigned problem
has been graded. This procedure will allow greater usage of these figures
for the four additional practice problems as assigned.

26
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PERFORMANCE EXERCISE INSTRUCTIONS (Cont)

The instructor should give you switch 1 for Problem Number 1. The
folloving will take you turou-h the general procedure on how to perform
the Performance Exercise. All you know each time you test any unit is
that the unit MAY OR MAY NOT be serviceable. Be sure you use the following
time wisely. You must be able to use the general knowledge you gain here
during th- practice work to do the performance test.

Place the abnormal/normal indication switch as assigned, to the
abnormal position and insure others remain in the normal position (figure
3, malfunction UNIT-A).

FIRST: Use Section 3 until defect is found.

SECOND: You should have found that procedure or step 4a, page 15 did
NOT give a normal indication as required. DS-2 DIDN'T
illuminate within the R102A

1
decades values in Cie graph in

figure 19, which is an abnormal indication.

Record the number "4a" "STEP NUMBER" on the PERFORMANCE
EXERCISE WORKSHEET.

FOURTH: It was found in 4a the RED LAMP DS-2 dia not come on as required
which results in a "NO PULSING AND NO FULL HOT DEMAND." This is
to be recorded under, "RECORD TEST RESULT" on the PERFORMANCE
WORKSHEET:

FIFTH: On the worksheet, the student will mark if the unit under test is
serviceable by placing a mark under "YES" for serviceable or "NO"
for unserviceable.

THIRD:

DO PROBLEM

ABNORMAL/
NORMAL

INDICATION
SW NUMBER

RECORD TUE
PROCEDURE OR
STEP NUMBER

RECORD TEST
RESULTS

SERVICEABLE

YES NO

1

DO STORAGE PROCEDURES

FOLLOW INSTRUCTIONS GIVEN BY INSTRUCTOR

2

DO STORAGE PROCEDURES

FOLLOW INSTRUCTIONS GIVEN BY INSTRUCTOR

3

I

DO ADDITIONAL PRACe,:CE PROBLEMS PAGE 28

DO PERFORK'NCE TEST PAGE

PERFORMANCE LXERCISE WORKSHEET

27
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ADDITIONAL PRACTICE

Do additional practice problems 4 through 6, using pages 12 through
24.

DO PROBLEM

ABNORMAL/
NORMAL
INDICATION
SW NUMBER

RECORD THE
PROCEDURE OR
STEP NUMBER

RECORD TEST
RESULTS

SERVICEABLE

YES NO

4

5

6

SEE YOUR INSTRUCTOR FOR THE PERFORMANCE TEST.
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PERFORMANCE TEST

INSTRUCTIONS

This performance test will require the student to correctly
record the responses for the three given problems. This should be
accomplished by using the minimum performance test procedures,
figures and worksheets, found in this workbook. The instructor will
check your work as required. If you miss any part of the problems
given, you will fail that problem. You must get two out of the three
correct.

DO PROBLEM

ABNORMAL/
NORMAL
INDICATION
SW NUMBER

RECORD THE
PROCEDURE OR
STEP NUMBER

RECORD TEST
RESULTS

SERVICEABLE GRADE

YES NO

I

DO STORAGE PROCEDURES

FOLLOW INSTRUCTIONS GIVEN BY INSTRUCTOR

2

FOLLOW INSTRUCTIONS GIVEN BY INSTRUCTOR

I

3
I

PERFORMANCE TEST WORKSHEET

---Student will turn in ALL pages of this workbook to the instructor
before leaving the area.

Figures 18 through 22 will be used for the performance test.

AFTER SATISFACTORY COMPLETION OF THIS WORKBOOK, COMPLETE THE
STORAGE PROCEDURES ON THE FOLLOWING PAGE.
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STORAGE PROCEDURE

i. Insure the two power switches are OFF or. the Fighter Air Conditioning
Test Set.

2. Insure the AC and DC power cables are disconnected from the power bench
outlets and that cables are placed in the unit's storage area on the
right side, see figures 4 and 7.

3. Insure the red and black leads for the decade are stored as in figures
4 and 7.

4. Insure the adapter cable with Malfunction UNIT-A box is stored as shown
in figures 3, 4 and 7 with the plastic dust covers on its plugs (2 ea).

5. Insure tL plastic dust cover is on the tester "Jl Amplifier Control."

6. Insure the plastic dust cover is on the temperature control panel (white
box), see figure 8.

7. Insure the temperature control panel is turned OFF.

8. Ask your instructor to inspect your work at this time before you place
the lid on the unit.

9. Install lid.

10. Place UNIT-A in storage cabinet.

11. Insure multimeter and/or decade i3 in its proper storage.

12. Insure the temperature control panel is in its proper storage area,
see figure 1.

13. Clean your work area as needed.

14. Turn in this complete workbook to the instructor and wait for
additional instructions.

Correc answers for page 9.

1.

2.

3. False
4. True
5. a

6.

7. IL

30
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12

I

2
3
4

5
6

DOOR CLOSED
DOOR CLOSED
STORAGE CABINETS
TEMPERATURE CONTROL PANEL

_(WHIOPEN X)
DoOR
LID FOR UNIT-A (ONE IN USE )

7 60 HZ AC POWER II5v
8 28 VDC POWER
9 400 HZ AC POWER II5V
10 UN1T-A
I2 I

CLOCK
NOTE: THE THREE POWER

SWITCHES 7 8 and 91
WILL NOT B TOUCHED
BY STUDENT

Figure I. Power Bench with UNIT-A.
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4

I LATCHES
2 I D. TAGS TOP
3 LATCHO
4 I.D. ON SIDE (EXAMPLE SHOWN IN FIGURE 10)

Figure 2. UNIT-A Top View with Lid On.
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I II5VAC POWER 400Hz
2 II5VAC POWER 60Hz
3 28 VDC POWER
4 ADAPTER CABLE
5 J-I AMPLIFIER CONTROL JACK

DUST COVER REMOVED
6 DUST COVER FROM BACK OF

7 STUDENTS
CONTROL

WILL NOT TOUCH
THESE POWER SWITCHES

8 CONTROL BOX
9 DUST COVERS REMOVED
10 MIS rairC apolgqiiAi:aL
II DUST COVER FOR J-I

AMPLIFIER JACK ON UNIT-A
12 STORAGE PLASTIC DUST COVERS

FOR ADAPTER CABLE
13 DUST COVER REMOVED

Figure 3. UNIT-A Fighter Cabin Air Conditioning Test Set.
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15

14-

13

Sql..1.1.-

3

I

,A14 410' 9/01,
a, tor

4 5

N

*
^Sr

12 10 11

TP-I

'X 0

I SENSOR R-IO2
GREEN NANA JACKS

2 CIRCUIT _AKERS
3 J-1 AMPLIFIER CONTROLIPLUG)
4 28 VDC POWER LIGHT (RED)
5 AC AND DC POWER ;ABLE
6 POWER SWITCH 28 VDC
7 REDJBLACK TEST LEADS

FOR DECADE
8 GROUND COMMON FOR P-TH

TP-I AND TP-2 (BLACI IPINJACKS

6

I0
TP-2

7

P401'
LSI

9

8

9 RED LIGHT DS-2
10 MULTIMETER RED LEAD

PIN JACKS
II GREEN LIGHT DS-I
12 MALFUNCTION UNIT-A

WITH ADAPTER CABLE
13 FOOTHEAT/DEFOG SIMULATOR S-I05
14 PgWER SWITCH

LIGHT15 115 VAC POWER LIGHT (RED)

Figure 4. UNIT-A.
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6 I 2

No'

1111

5 4 3

1 TEMPERATURE CONTROL PANEL

2 ANZPSM
(WHITE

- 37
110X)

3 CABIN DUAL TEMPERATURE
VALVE4 AN sm-2IA

5 DUST COVERS FOR ELECTRICAL PLUG
6 AIRCRAFTS FOOTHEAT DEFOG LEVEF AND SWITCH

Figure 5. Fighter Air Conditioning System (A View of the Trainer).
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115 VAC

LANDING GEAR

28VDC
5A

LI88BL20
COCKPIT HEAT
AND VENT

28 \MC

1...H9A20

5A

111.-

TURBINE OVERSPEED
PRESSURE SWITCH
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P
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TEMPERATURE CONTROL PANEL

HIOA20

H241320
12A20

H20A20

HI9A2ON

H191320N

H17A20

H22C20

Hi8A20

H25C20

H24C20

H23A20

PLUG ON
BACK SIDE
OF PANEL

co

0.1
OW

H20E20

H201320

B

111--1134A2ON0

OFF

ON 1_1-0-.-H711320

RAIN
REMOVAL

SYSTEM

BLEED AIR PRESSURE
REGULATOR ANP
SHUTOFF VALVE

GROUND COOLING
SHUTOFF EJECTOR
VALVE

H22D20

H25020

H628204A
H64A2ONT

H63B 20

LANDING GEAR
AUXILIARY RELAY

111H37420N

CABIN TEMP CABIN MANUAL
SENSOR TEMP LIMITER

*Figure 6. Wiring Diagram Fighter Air Conditioning System.
*See definition page.
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6

I LEFT SlORINC.r AF .A
2 CONTROL NALL AREA
3 RIGHT STORAGE AREA

2

Fs. POWER

oaa

fi)

OS

COLD MOT
.rs

9.1t)

4 POWER CABLES
5 TEST LEADS RED AND BLACK
6 MALFUNCTION UNIT-A

WITH ADAPTER CABLE

Figur' 7. Air Cc.-Oitioning System Test Set.
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r- _

2

REAR VIEW 6 FRONT VIEW

I PLUG/JACK
2 SOME PARTS OF BRIDGE INSIDE
3 MAGNETIC AMPLIFIER INSIDE
4 1MPERATURE CONTROL SWITCH

5 TtAtiCOERAVITEH8ONTROL PANEL
IFOR UNIT-A)

6 TEMP_ERATURE SELECTOR RHEOSTAT KNOB
7 PLASTIC DUST COVER FOR PLUG/JACK

Figure 8. Temperature Control. Panel.
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2

AC PLUG- HA ;3) PINS AND FITS
ONLY IN TH Ac_ RECEPTACLE
ON POWER EwH

2 DC PLUG-HAS TWO PINS AND FITS
QNLy IN THE DC RECEPTACLE
ON THE BENCH

3 STUDE_NTWII. NOT TOIK"
THESE PUIWR SWITCHES

Figure 9.
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0

9
..

e
8

I RED AND BLACK LEADS
FOR DECADES

2 ADAPTER MA....E PLUG
3 ADAPTER ABL
4 ADAPTER ABL FEMALE PLUG
5 STUDENTS WILL NOT TOUCH

THESE POWER SWITCHES

3 4

6 DECADE
7 MALFUNCTION UNIT-A

WITH ADAPTER CABLE
8 UNIT-A FIGHTER AIR CONDITIONER

TEST SET
9 MULTIMETER AN/PSA- 37

Figure 10.
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28 VDC

0 VDC

RI\NGE OF

DS-I (COLD)

CONTROL CHARACTERISTICS

PART A

..4-PULSE PERIOD-.-..
PULSE

DURATION

SOLID STATE RELAY
TURNED ON

TIME ON

CONTROL
POINTS D

PULSE PERIOD

SOLID STATE RELAY
TURNED OFF

PART B

TIME OFT

RANGE OF

DS-2 (HOT)

DECREASE RESISTANCE
INREASE TEMPERATURE * -1m

VOLTAGE INCREASES

10-

1
PULSE DURATION INCREASES PULSE DURATION INCREASES

INCREASE RESISTANCE
DECREASE TEMPERATURE

VOLTAGE INCREASES

BALANCED
BRIDGE

Figure 11.
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TEMP AUTO 43

CON T ***
SW

115W.0

400 Hz

R13 44

VRI

6 8 VDL,
ZENERED
BY VR I R5

SENSOR
OR
DECADE A

42

DEFOG SWITCH

MAG AMP

HOT AND COLD
TRANSISTORS

R II

39

I AUTO COLD
C3 _1

`4,1:1
>

0 Z 44,

AUTO HOT
(13
.40-D
(_.)

Tc

I-2

OFF

d-N
ON

(r <44
R6

1

OFF!

P

R12

OFF-CABIN DEFQG OFF
9 ON (F001 HEAT )

RIB- TEMP SEL ON= CABIN DEFOG ON

i 46
DEFOG SWITCH ON AIRCRAFT
FOR TEST PURPOSE IT IS CALLED

W FOOTHEAT- DEFOG SIMULATOR
SWITCH ON THE TESTER, UNIT A

R8

F

40

-=-

*Figure 12.

*See Definition P.ge.
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Environmental Pneudraulics Branch C3ABR42331-WB-202

Chanute AFB, Illinois

FIGHTER CABIN AIR CONDITIONING SYSTEM WIRING DIAGRAM

OBJECTIVE

Using a wiring diagram for the air conditioning system, specify
causes for system troubles with a minimum score of 48 out of 60 total

points.

EQUIPMENT

Colored pencils

INSTRUCTIONS

Pay close attention to all directions. After completing this lesson,

you will be required to identify causes for system troubles with 80%

accuracy on the attached diagram. If you are ready, and the instructor

has already briefed you, begin.

FIGHTER CABIN AIR CONDITIONING WIRING DIAGRAM

INTRODUCTION

During this lesson, you will review the purpose of the system

components and you will study the electrical circuity for the system

operation, and troubleshooting various troubles. Be sure to read the

instructions on this page before going further.

After the purpose of the components are explained, you will be

required to respond in this workbook. If your response is incorrect,

you should review the material or ask the classroom instructor for

assistance.

At this time remove figure 5 from the back of the workbook and place

it in front of you. You will be using this diagram throughout this lesson.

You will be required to troubleshoot this diagram at the completion

of this lesson. If you have no questions turn to pege 3 and begin.

Supersedes C3ABR42331-WB -202, 25 Marcn 1983.

OPR: 3370 TCHTG

DISTRIBUTION: X

3370 TCHTG/TTGU-P -1200; DAV - 1

2
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Frame 1

Locate the bleed air pressure regulator and shutoff valve in the
upper right corner of the diagram. This valve serves as a shutoff valve
and pressure regulator for the cabin air conditioning system. When

closed, this valve shuts off the air flow. When open, it regulates

air flow to the inlet side of zhe compressor turbine of the cabin air
conditioning system. This valve is controlled by the emergency vent

knob. Pushing the knob in. 'ies power to the solenoid and opens

the valve, provided the enp iced air is available. When the knob

is pulled out, power is remo%_d and the valve closes.



Frame 2

Locate the Landing Gear Auxiliary Relay, the Ground Cooling Ejector
Shutoff Valve, and the Landing Gear Control Switch. The landing gear
control switch is mounted on the landing gear handle and operates any time
the gear handle is moved to the gear up or gear down position. The landing
gear auxiliary relay is energized whenever the landing gear handle is placed
in the gear down position. This pulls the relay armature down, completing
the circuit, and applies 28V DC from pin C of the relay to pin A cr the
open side of the ground cooling ejector shutoff valve motor.

Placing the landing gear handle in the gear up position deenergizes the
landing gear auxiliary relay, roving the armature up, completing the circuit
from pin A of the telay to pin B of the closed side of the ground cooling
ejector shutoff valve motor.

Complete statements 1 through 6.

1. The bleed air pressure regulator and shutoff is controlled by the

2. When the emergency vent knob is pushed in, the bleed air pressure regulator

is (energized/deenergized)

3. The bleed air pressure regulator controls airflow to the

system.

4. The ground cooling ejector shutoff valve is actuated open when the landing

gear handle is placed in the position.

5. The ground cooling ejector shutoff valve requires to operate.

6. The ground cooling ejector shutoff valve is actuated closed when the landing

gear handle is placed in the position.

4
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Frame 3

Refer back to figure 5.

Let's look at the temperature control system. The temperature control

system includes the temperature controller, temperature sensor, cabin manual

temperature limiter, and the cabin dual temperature mixing valve.

The temperature control system has an automatic and manual mode of

operation. The temperature controller, located on the left side of the
diagram, contains the magnetic amplifiers, the transistors, the temperature
control switch, and the temperature selector rheostat.

The cabin temperature sensor, located in the bottom left center of the
diagram, senses the temperature of the air entering the cabin. The sensor has

a negative coefficient of resistance. This means that as the temperature goes

up, the resistance of the sensor goes down; or, if the temperature goes down,

the resistance will go up. This sensor forms one leg of the bridge circuit

and is only used during the automatic mode of operation.

The cabin manual temperature limiter is located next to the cabin

temperature sensor. It is a normally closed thermal switch and will open
when the temperature of the air going to the cabin exceeds 220 degrees F.

When the switch opens, power is interrupteet to the hot side of the

Cabin Dual Temperature Mixing Valve. As the air temperature goes down, the
switch clones again, and power can be resupplied to the hot side of the

mixing valve.

Complete statements 7 through 13.

7. The temperature control system has an and

mode of operation.

8. The magnetic amplifiers, transistors, temperature control switch, and

temperature selector knob are located in the

9. If the resistance of the sensor goes down, the automatic control circuit

will call for air.

10. The cabin temperature sensor is used only when in the
mode of temperature control.

11. The cabin temperature sensor makes up part of the circuit.

12. The cabin manual temperature limiter switch opens, the pilot is unable

to select

13. The cabin manual temperature limiter is a normally (open/

closed) thermoswitch.

5
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Frame 4

You should now have an idea about the components of the complete system.
Let's trace the individual circuits so that you can understand how each unit
is controlled.

Turn to figure 1. This diagram contains the circuits that are energized

when power is first applied to the aircraft. All switches are shown in their

normal positions. Using your red pencil, trace from the 115 volt AC cockpit
heat and vent circuit breaker to pin E to the temperature controller.

Now continue tracing the voltage from pin E to the cabin magnetic amplifiers.
This power is used only when the temperature control system is operated in the
automatic mode.

Locate the 28V DC cockpit heat and vent circuit breaker. Start at the

circuit breaker and trace to the first junction marked A. Trace from junction

A to the bleed air pressure control switch, through the switch, and to pin A
of the pressure regulator and shutoff valve. Trace through the valve and out

pin C to ground. This will energize the solenoid, which allows air pressure to
open the valve. Since you are simulating the aircraft on the ground, you will

also trace current to open the ground cooling ejector shutoff valve. Start at

the 28V De landing gear circuit breaker. Trace from this circuit breaker to

pia B of the landing gear control switch, through the landing gear cc.ttrol
switch, out pin C to pin Y of the landing gear auxiliary relay. Trace through

the relay coil to ground. This will energize the relay, pulling the armature

down. Now return to junction point A. Trace from this point to junction

point B.

Now, go down and to the right until you reach pin B of the landing gear

auxiliary relay. Since you have already energized this relay, current will flow
through the relay armatures, out pin C to pin A on the ground cooling ejector

shutoff valve. This valve will open and aid in drawing ram air across the heat

exchanger.

Return to junction point A. Trace down to pin K of the temperature
cnntroller and to the center armature of the temperature control switch. This

provides 28V DC power for the automatic and manual modes.

Locate the warning light circuit breaker. Trace from this circuit breaker

to pin A of the turbine overspeed pressure switch. This puts a power potential

to the pressure switch. If the pressure on the inlet side of the compression
turbine exceeds 100 psi, the switch will close, turning the warning light on.

This completes the power supply circuits that are energized when the
power is first applied to the System.
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Frame 4 (Continued)

Complete statements 14 through 22.

14. AC power is needed only when using mode of
temperature control.

15. The ground cooling ejector shutoff valve opens when the landing gear

handle is in the position.

16. power is supplied to the temperature
control switch.

17. If wire number H20A20 were open, it would cause the

to be inoperative.

18. If wire number H20B20 were open, it would affect the

19. If wire number H9A20 were open, it would affect the mode
'If operation.

20. The entire system is inoperative, the most probable cause will be an open

in wire number

21. If wire number H71B20 were open, the bleed air pressure regulator and

shutoff valve would (open/close).

22. If wire number H61B20 were open, the valve that would be affected is the

and it would

run

TRACE THE POWER CIRCUITS ON FIGURE 5.

When you compl.tte this lesson, all circuits on figure 5 should be traced.
Pay close attention to the switch positions and components that receive power.
Before continuing with the lesson, Le sure you have traced the power circuits
on figure 5.

If any of your answers were incorrect, review the material or ask your
instructor for assistance. Check the circuits to make sure you understand the
information, if your answers were correct, continue on with the lesson.

The circuits that you have traced will provide power to open the pressure
regulator and shutoff valve and to open the ground cooling ejector shutoff
valve and to send power (AC and DC) to the temperature controller.
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Figure 2. Cabin Mixing Valve, Manual Circuits.
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Frame 5

Now turn to figure 2. The circuits for manual Hot and Cold have
been added. Use a light green pencil to trace the manual Hot circuit.
First, draw the temperature control switch to the manual Hot position.
Trace from the switch, out pin S of the temperature controller, through
:he cabin manual temperature limiter, to pin B of the cabin dual
temperature mixing valve out pin C to ground. This causes the valve to
run to the hot position.

Remember, when the valve is in the hot position, the indicator on the
valve will show "closed."

Now, return to the temperature control switch. Using a blue pencil,
draw the switch to the manual cold position. Trace out pin V of the
temperature controller to pin A of the cabin dual temperature mixing valve.
This causes the valve to run to the cold position, the indicator will show
"open."

Complete statements 23 through 27.

After completing the statements, go to figure 5 and trace the circuits
that you have just traced on figure 2.

23. When the temperature control switch is placed in manual hot or cold,

volts DC is supplied to the cabin dual temperature
mixing valve.

24. If wire number H25D20 were open, the cabin dual temperature mixing

valve could only be run to the or position.

25. If wire number H22D20 were open, only auto and manual
could be selected.

26. The cabin temperature limiter is a normally switch.

27. The cabin dual temperature mixing valve failed to open or close, one

probable cause would be in wire number or

1450
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Frame 6

Turn to figure 3. Let's trace the circuits for the automatic
operation of the cabin dual temperature mixing valve. Starting at

the temperature control switch, use your orange pencil and draw the
switch to the automatic position. Trace the circuit down to the cabin

transistors. With power available to the cabin transistors from the
magnetic amplifiers, the current can continue to the valve through one
of the two circuits. Operation of the hot or cold transistors will

direct the current flow. Let's trace the hot circuit first.

Start at the cabin transistor on the circuit marked "Hot."
Using a dark green pencil, trace to pin b of the controller. Continue

tracing to the cabin manual temperature limiter, through the limiter
switch, to pin B of the cabin dual temperature mixing valve out pin c to
ground will cause the valve to operate toward hot.

Return to the cabin transistors again. Using the purple pencil,

trace the cold circuit to pin d on the temperature controller and to
the cold side of the cabin dual temperature mixing valve. This will

causE the valve to operate toward cold. The signal that determines if

the hot or cold transistor will conduct comes from the bridge circuit
which is covered later in the lesson.

Complete statements 28 through 34.

28. In automatic, the cabin temperature mixing valve receives power

when the transistors are conducting.

2q. The cabin transistors receive DC power when the temperature contrj1

switch is placed in position.

30. In order for the system to operate in automatic, 115V AC most be

applied to the

31. If the cabin manual temperature limiter were open, the valve that

would be affected would be the

32. If wire number were open, automatic cold would be

inoperative.

33. If the wire were open at junction point X, temperature

control would be inoperative.

34. The signal that determines if the hot or cold transistors will

conduct is the automatic modes comes from the circuit.

On figure 5, trace the operation of the cabin dual temperature mixing
valve that you have just traced on figure 3.
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Frame 7

If all of your answers are correct, continue with the lesson.
Recheck the circuit if any of your answers are incorrect. The last
circuit that you trace is the bridge circuit. Using figure 5 and a
black pencil, trace the cabin bridge circuit by starting at the ground
point of the cabin temperature selector. This is actually the ground
end of resistor R8. Trace through R8, then through the temperature
selector to junction point Y down through resistor R6 to pin P of the
controller, then to the bottom of the footheat position. Trace

through the switch to the cabin magnetic amplifiers. This circuit

allows the pilot to select the desired temperature.

Go back to junction point Z, Trace from junction Z to pin A of
the cabin temperature sensor, though the 6,nsor, and out pin B. Then

trace from pin B to pin T of the controller and into the cabin magnetic

amplifiers. This circuit senses the air temperature entering the cabin
and sends a signal to the cabin magnetic amplifiers.

Complete statements 35 through 38.

35. The pilot can automatically change the temperature in the cabin by

changing the position of the

36. The cabin temperature sensor senses the temperature of the air

(entering/leaving) the cabin area.

37. An open in the sensor circuit will cause the system to call

for air.

38. A short in the temperature sensor circuit will cause the system

to call for air.

You have just completed tracing the Cabin Air Conditioning System
Wiring Diagram. We will now do a Performance Exercise to check your
knowledge, after completion of the performance exercise, see your
instructor to start your performance test.

1454
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PERFORMANCE EXERCISE

Listed below are fifteen (15) questions pertaining to the wiring
diagram you have just completed. Follow the directions for each part.

Place a T for True or an F for False in the blank provided for each statement.

1. The automatic and manual temperature control switch is used to
select the desired temperature in automatic.

2. AC and DC power is required to operate the cabin temp.-Tature
control system in the automatic mode.

3. Only DC power is required to operate the temperature control
system in manual mode.

4. The cabin manual temperature limiter has a positive coefficient
of resistance.

5. The ground cooling ejector valve helps draw ram air to flow
across the heat exchanger when the aircraft is on the ground.

For questions 6 through 10 below, fill in the blanks.

6. A sensing element in which the resistance goes down when the

temperature goes up is said to have a
coefficient of resistance.

7. The cabin transistors will conduct when using the

mode.

8. The cabin temperature sensor has a
coefficient of resistance.

9. A short in a negative coefficient element would cause a

resistance in the element. This would cause

a demand for air.

10. and power is
needed for automatic operation of the cabin system.

1455
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Select the description from column B and place the blank beside
the component it best describes.

A

11. Temperature control switch a,

12. Landing gear control
switch

13. Temperature controller b.

14. Cabin temperature sensor
c.

15. Cabin manual temp limiter

d.

e.

f.

STOP: SEE YOUR INSTRUCTOR::::

B

Contains the selectors and
switches for operation of the
cabin temperature control
system.

Controls the maximum temperature
in the system.

Supplies power to the cabin dual
temp mixing valve.

Controls the operation of the
ground'ccoling ejector shutoff
valve.

Controls the operation of the
bleed air pressure regulator
and shutoff valve.

Has a negative coefficient of
resistance.

Instructor's Initials
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Answers to WB-201

1. emergency vent knob

2. energized

3. cabin air conditioning

4. gear down

5. 28

6. gear up

7. manual and automatic

8. temperature controller

9. cold

10. automatic

11. bridge

12. automatic or manual hot

13. closed

20. H20E20

21. close

22. ground cooling ejector
shutoff valve, closed

23. 28V DC

24. open or cold

25. hot

26. closed

27. H37A20N or H20A20

28. cabin

29. automatic

30. cabin magnetic amplifier

31. cabin dual temperature mixing
valve

14. automatic 32. H22C20

15. gear down 33. automatic

16. 28 volts DC 34. bridge

17. automatic and manual 35. cabin temperature selector

18. ground cooling ejector shutoff 36. entering

valve
37. hot

19. automatic
38. cold

Answers to Performance Exercise

1. F 6. negative 11. C

2. T 7. automatic 12. D

3. T 8. negative 13. A

4. F 9. low, cold 14. F

5. T 10. AC and DC 15. B
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OBJECTIVE

After you complete this programmed text, you will be able to:

a. Relate a minimum of 8 out of 10 fighter cabin air conditioning
system components to their operation.

b. Relate a minimum of 4 out of 5 defog system components to their
operation.

INSTRUCTIONS

This programmed text presents information in small steps called
"frames." After each frame you are asked to complete a statement or
match some statements. Read the material presented and make your
response as directed. After you have made your response, compare your
answer with the correct answer given at the back of the text. If your

answer is incorrect, restudy the frame to get the information correct.
Write the answer next to your original response and then proceed to the
next frame. If necessary, you may go back to check information previously
given, but do not skip ahead.

This programmed text is divided into two sections. Have your instructor

check your work after completing each section.
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DISTRIBUTION: X
3370 TCHTG/TTGU-P - 300; DAV - 1

21463



SECTION I

Frame 1

in your job as an Environmental System Mechanic, it is vital that
you know how various types of aircraft air conditioning systems work.
In one of your past lessons you learned about a trainer type aircraft
air conditioning systew. In this lesson, you will learn how a typical
fighter aircraft air conditioning system works.

The fighter air conditioning system serves quite a few purposes.
It will furnish conditioned air for crew comfort, windshield and canopy
defrosting, and for cooling the electronic equipment found in the
cockpit.

The fighter air conditioning system is similar to the trainer aircraft
air conditioning system. That is, the fighter system will also get hot,
high pressure bleed air from the engines and cool it through the use of
a refrigeration unit. Look for and learn the differences in the parts
used to control the airflow and temperature in this system. Remember,
to do maintenance on an air conditioning system, you must first know
haw the system works.

Fill in the blanks to complete the following statements about
the fighter air conditioning system.

1. It provides conditioned air for and
defrosting.

2. It provides air for cooling the equipment located
in the cockpit.

3. It provides conditioned air to the,cockpit for comfort.

4. It receives hot, high-pressure bleed air from the

1 436 4



Frame 2

In the fighter air conditioning system, the air conditioning
compcnents are grouped into an assembly called the "refrigeration
unit." The two drawings on the opposite page are the front and back
views of the refrigeration unit. The refrigeration unit consists of
the following components, which are identified by corresponding numbers
in the illustration.

1. Bleed air pressure regulator me shutoff valve.

2. Heat exchanger.

3. Ground cooling ejector shutoff valve.

4. Turbine over-peed pressure switch.

5. Flc limiting venturi.

6. Cabin dual temperature mixing valve.

7. Turbine assembly.

8. Water separator.

9. Anti-ice valve.

10. Anti-ice controller.

11. Lag chamber.

12. Engine bleed air duct.

13. Conditioned air outlet.

14. Ram air inlet.

15. Ram air outlet.

16. Rupture disc.

In the frames that follow, each of these components will be described.
As each component is described, you should refer back to the illustrations
of the refrigeration unit. This will help 7ou see how each component makes

up a part of this system.

The bleed air that enters inlet number 12 is from the bleed air

manifold. Remember, this is hot, high-pressure air from the engine

compressor.

NO RESPONSE REQUIRED

/ / / / / / / / / / / / / / /
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1. BLEED AIR PRESSURE REGULATOR AND SHUTOFF VALVE

2. HEAT EXCHANGER 11. LAG CHAMBER

3. GROUND COOLING EJECTOR SHUTOFF VALVE 12. ENGINE BLEED AIR INLET

4. TURBINE OVERSPEED PRESSURE SWITCH 13. CABIN AIR OUTLET DUCT

5. FLOW LIMITING VENTURI 14. RAM AIR INLET DUCT

6. CABIN DUAL TEMPERATURE MIXING VALVE 15. RAM AIR OUTLET DUCT

7. COOLING TURBINE 16. RUPTURE DISC

8. WATER SEPARATOR

9. ANTI-ICE VALVE

10. ANTI-ICE CONTROLLER

5
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Frame 3

In a few of the following frames, small diagrams will be used to
show you how the air flows through this system. These diagrams are

simplified and will start by showing only part of the system. As you

move on through this text, other parts will be added until the system

is complete.

For example, the diagram below shows only the flow of air from the

bleed air system to the turbine assembly. By following the airflow on

these diagrams, it should make it easier for you to see how each part

fits into this system.

From your studies of the trainer system, you should recall that the

first part in the system was a shutoff valve. The fighter is similar:

that is, it also has a valve to control the starting and stopping of
airflow through the system.

The valve that does this task on the fighter system is the bleed

air pressure regulator and shutoff valve.

Actually, as the name implies, this valve serves two purposes. It

serves as a shutoff valve for the cockpit air conditioning system and it

also servos to regulate the air pressure going through the air conditioning

system.

During normal operation of the air conditioning system, this valve

will regulate pressure at 62 psi. NOTE the location of this valve (number

1) in the schematic below.

FROM BLEEDI
AIR SYSTEM!

Fill in the blanks to complete the following statements.

1. The unit used to shutoff the air conditioning system is the bleed

air pressure regulator and

2. The air going through the air conditioning system is regulated at

62 psi by the bleed air and shutoff

valve.

6
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Frame 4

The bleed air pressure regulator and shutoft valve is an air actuated,
solenoid controlled valve. It is made up of a pneumatic actuator, butter-
fly valve, and two solenoids.

Engine bleed air that is used to operate the valve is taken upstream
of the butterfly valve and led through the solenoid (marked "A" in the
illustration) to the pneumatic actuator.

When this solenoid is de-energized, the air pressure is directed to
close the valve. When the adenoid is energized, the air pressure is
directed to open the valve. This will let airflow through the valve and
to the air conditioning system.

The pressure of this airflow is regulated at 62 psi by the regulating
portion of the valve.

The pressure in the duct is sensed by a sensing line before it enters
the turbine assembly. When the pressure in the duct reaches 62 psi, the
sensing line will allow this pressure to be applied to the regulating
portion of the valve. This will cause the valve to adjust to a position
(partially closed) that will maintain 62 psi in the system.

The second solenoid (marked "B" in the illustration) is used to
reduce air conditioning system pressure to 40 psi when the rain removal
system is operated. The rain removal system will be explained in a
separate text.

Fill in the blanks to complete the following statements.

1. The bleed air pressure regulator and shutoff valve is controlled
by a

2. The bleed a...r pressure regulator and shutoff valve is actuated by

3. The bleed air pressure regulator and shutoff valve requires both
and power for operation.

4. The unit that controls air pressure for the air conditioning system
is the bleed air and

7
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Frame 5

After the regulated bleed air flows through the pressure regulator

and shutoff valve, it flows through the heat exchanger ( number 2 in the

illustration shown) and to the hot side of the temperature control valve

(number 6 in the illustration).

On the illustration shown, note the path of airflow from the pressure

regulator and shutoff valve to the heat exchanger and the path to the

tempdrature control valve.

The heat exchanger is an air-to-air type and works on the same

principle as the heat exchanger in the trainer aircraft air conditioning

system. That is, it cools the engine bleed air by transferring heat from

the bleed air to the ram air.

As shown in the illustration, this heat exchanger is divided into two

sections; the primary, or hot bleed air section, and the secondary, or the

compressor discharge section.

The hot engine bleed air is directed through the primary section for

initial cooling. From there it flows through the-turbine assembly and is

then directed to the secondary section for additional cooling.

TURBINE ASSEMBLY

FROM BLEED
AIR SYSTEM

RAM AIR INLET

A

PRIMARY
SECTION

SECONDARY
SECTION

Fill in the blanks to complete the following statements.

1. The heat exchanger consists of the section and the

section.

2. Initial cooling of the bleed air is accomplished by the

section of the heat exchanger.

8 1469



Frame 6

The illustration below shows the hE.at exchanger for the cockpit air

conditioning and identifies the various connections. The engine bleed

air from the pressure regulator and shutoff valve enters the primary

air inlet (5), passes through the primary section of the heat exchanger

and then to the compressor section of the turbine assembly (1). Air is

also taken from the primary section of the heat exchanger for the rain

removal system (4).

The air from the compressor section of the turbine assembly enters

the secondary inlet (2), passes through the secondary section, and out to

the expansion turbine through the secondary outlet (3).

1. OUTLET TO COMPRESSOR
2. INLET FROM COMPRESSOR

3. OUTLET TO TURBINE
4. RAIN REMOVAL OUTLET

5. BLEED AIR INLET

Fill in the blanks to complete the following statements.

1. The primary section cools the air for the air

conditioning system, and the removal system.

2. As the bleed air passes through the heat exchanger, the heat is

transferred to the air.

3. The air from the turbine assembly flows through the

section of the heat exchanger.

9
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Frame 7

In flight the forward movement of the aircraft gives plenty of ram
air for the heat exchanger operation. But for ground operation, another
means must be used to draw ram air across the heat e, hanger.

A ground cooling effector assembly is used to boost the cooling
efficiency of the heat exchanger while the aircraft is on the ground.

This assembly is made up of a ground, cooling ejector shutoff
valve (number 3 in the illustration) and the ejector nozzle (number 15).
Find these two parts on the illustration shown.

Note that bleed air is tapped from the hot air duct before it goes
in the primary section of the heat exchanger and is directed to the
ground cooling ejector shutoff valve.

When this valve is open, engine bleed air is directed to the ejector

nozzles. The ejector nozzles are located in the heat exchanger ram air

outlet.

As the engine bleed air passes through the ejector nozzles it causes
a low pressure area directly behind the nozzles. This law-pressure area

helps to draw ram air across the heat exchanger. This will cause cooling

(ram) air to flow over the heat exchanger, thereby increasing the cooling
efficiency during ground operation.

!FROM BLEED
1 AIR SUPPLY /

,,,
-711-7?

1\--)

Fill in the blanks to complete the following statements.

1. During ground operation, ram airflow across the heat exchanger is

caused by opening the ground cooling

2. The ground cooling ejector assembly consists of a ground cooling

ejector and an ejector

10
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Frame 8

The ground cooling ejector shutoff valve, shown balow, is a motor
operated, butterfly type of valve.

This valve controls the bleed air going to the ejector nozzles.

This valve is controlled by the landing gear auxiliary relay which
receives its power f.om a switch on the landing gear handle. When the

handle is in the gear down position, 28V DC power is directed to the

landing gear auxiliary relay. This energizes the relay which will route

power to the open side of the valve and move the valve to the open position.

When the valve is open, bleed air flows through the ejector nozzles.

When the landing gear .Andle is in the gear a position, the landing

gear auxiliary relay de-energizes and routes the power to the closed side

of the valve. This will move the valve to the closed position and stop

the air going to the ejector nozzles. In this way, the ejector e.asembly

only operates when the landing gear handle is down, which is mainly during

ground operation.

Fill in the blanks to complete the following statements.

1. The unit that controls the airflow to the ground cooling ejector

nozzles is the ground cooling

2. The ground cooling ejector shutoff valve is controlled by the

3. For the ground cooling ejection system to operate, the landing gear

handle must be (up/down).

11
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Frame 9

The principle of operation of the ejector nozzle is similar to a fan.
A fan accelerates the movement of air by the design of the fan blades.
As the fan moves the air it causes a low pressure vacuum area behind the

fan. This causes more air to move toward the fan which results is a
continuous movement of air behind the fan as well as in front of the fan.

The ejector nozzle assembly consists of several small air outlets

(ejector nozzles). As the high-pressure air from the bleed air system

is forced out through each of the ejector nozzles, it moves rapidly due

to the high-pressure. This rapid movement of the air surrounds each of

the nozzles.

The air movement causes a low pressure area behind the nozzles

(similar to the operation cf a fan). This causes the cooler outside air

to move from the ram air inlet, across the heat exchanger, and be dis-

charged at the ram air outlet.

Note the flow of air through the ejector and the heat exchanger in

the illustration.

FROM BLEED
AIR SUPPLY

GROUND COOLING
EJECTOR VALVE

12 1473



Frame 9 (Cont'd)

Fill in the blanks to complete the following statements.

1. Ram air is drawn across the heat exchanger by ejecting
air through the ejector nozzles.

2. When bleed air is ejected through the ejector nozzles, it causes a
area behifid the nozzles.

13
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Frame 10

Match the units listed in Column "B" with the statements given in

Column "A."

Column A

1. Directs engine bleed air to the A.

ejector nozzles.

2. Serves as a shutoff valve for the B.

cabin air conditioning system.

3. Causes a low-pressure area in the
heat exchanger ram air outlet.

Column B

Pressure Regulator and
Shutoff Valve.

Heat Exchanger.

C. Ground Cooling Ejector
Shutoff Valve.

D. Ground Cooling Ejector
Nozzles.

4. Opened only when the landing gear
handle is in the gear down position.

5. Regulates system air pressure at

62 psi.

6. Transfers heat from ti )leed air

to the ram air.

7. Actuated by air pressure and
controlled by a solenoid.

Complete the following statements.

8. When the solenoid of the bleed air pressure regulator and shutoff valve

is energized, with air pressure available, the valve will

(open/close).

9. The solenoid controls the pressure regulator and shutoff valve by

controlling air pressure to the

10. The pressure regulator and shutoff valve controls air

in the air conditioning system, and also serves as a

valve.

14 73
14



Frame 11

After the air is initially cooled by the primary section of the heat
exchanger, it flows to the turbine assembly. The pressure of this air
will be sensed by two safety devices which protect the system from damage
caused by excessive pressure.

These two devices are the turbine overspeed pressure switch (number
4 in the illustration below) and the rupture disc (number 16). Notice
the location of these two components in the illustration below.

TO TURBINE

FROM BLEED --41,
IR SUPPLY --s----r

The purpose of the turbine overspeed pressure switch is to alert the
pilot of an excessive pressure condition by turning on a warning light in
the cockpit. Should the pressure continue to build up, the rupture disc
will blow out (rupture) and relieve the excessive pressure overboard.

Fill in the blanks to complete the following statements.

1. the two safety devices that are used to protect the system from damage
caused uy excessive pressure are the turbine overspeed

and the

2. Should the pressure of the air going to the turbine become excessive,
the turbine will turn
on a warning light.

15
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Frame 12

You should recall from frames 3 and 4 that the pressure regulator and
shutoff valve is designed to keep pressure going to the turbine assembly

at 62 psi. But, if this unit fails, the pressure could exceed 62 psi.

If the pressure gets too high it could cause the turbine to overspeed

and cause damage to the heat exchanger or ducting. However, this pressure

increase would be sensed by the turbine overspeed pressure switch.

The turbine overspeed pressure switch, shown below, is a sealed unit

with electrical and air connections.

When the pressure reaches 100 psi, the pressure switch will complete
an electrical circuit turning on the TURBINE OVERSPEED warning light in

the cockpit. This will tell the pilot that the system pressure is too high.

ELECTRICAL
CONNECTION

N
AIR PRESSURE
FROM SYSTEM

The cause for the system pressure being too high could be a fault in

the pressure regulating part of the pressure regulator and shutoff valve.

It would not be regulating system pressure at 62 psi, but letting system
pressure exceed 100 psi causing the switch to make contact, and thus,

turning the warning light ON.

To prevent damage to the system, the pilot must do one of two things.

He can reduce the engine throttle setting which will reduce the system

pressure, or he can turn the air conditioning system off.

Remember, that the turbine overspeed pressure switch does not prevent

the turbine from overspeeding, but it is used to alert the pilot of an

overspeed condition.

Fill in the blanks to complete the following statements.

1. When air pressure going to the turbine assembly reaches 100 psi, a

warning light is turned ON by the

2. If the turbine overspeed warning light comes ON, damage to the system

is prevented by the reducing the throttle setting.

3. The turbine overspeed warning light coming ON indicates a malfunctioning

1164 Ti



Frame 13

The rupture disc, illustrated below, is designed to rupture at 100
psi. During an overspeed condition if the system pressure is not reduce
soon enough, or if it cannot be reduced for some reason, and pressure
continues to build up, the rupture disc, will rupture at 100 psi and
allow system pressure to bleed overboard thru the heat exchanger.

RUPTURE DISC

The pressure buildup would be caused by a malfunction in the regulating
portion of the pressure regulator and shutoff valve.

This would require that you, as a maintenance man, to remove and
replace the pressure regulator and shutoff valve and the rupture disc.

Note in the illustration in frame 11, that when the disc (16)
ruptures, the system air will flow thru a duct and out thru the heat
exchanger ram air outlet.

Fill in the blanks to complete the following statements.

1. If the pressure of the air
psi, the

going to the turbine should exceed 100
will rupture.

2. If the rupture disc should rupture, the bleed air is discharged
through the heat exchanger

17
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Frame 14

The air that flows from the heat exchanger to the turbine assembly
passes through a flow l_Aiting venturi (number 5 in the illustration shown).

The flow limiting vencur:: serves two roles in the system. First, the

venturi stops surges from getting to the turbine assembly by smoothing out

the airflow as it passes through the venturi, Second, it v'..ops a complete

loss of air pressure if the rupture disc should fail. This will insure

somr it pressure is available for operation of the auxiliary air systems.

The flow limiting venturi is shown below. It is similar co a section
.,f ducting except that part of this unit is smaller (note the section
where arrow "A" is pointing). This is called the throat of the venturi.

Because the throat is smaller, the venturi will curb (restrict) the

amount of air that can pass through it. By limiting the airflow through

it, it will smooth out any pressure surges.

Fill in the blanks to complete the following statements.

1. Pressure surges are prevented from reaching the turbine assembly by

the flow

2. When the rupture disc ruptures, a complete loss of upstream pressure

is pre rented by the

18
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Frame 15

The partially cooled air from the primary section of the heat exchanger
flows through the flow limiting venturi, then up to the cabin dual
temperature mixing valve (number 6 in the illustration below).

The cabin dual temperature mixing valve controls the amount of hot
and cold air going to the cockpit. Locate thiL valve in the illustration
below.

Notice that this valve is a dual port valve; that is, it has two
ports for air to flow through. Notice on the illustration that air can
flow from the heat exchanger through one of the ports to the turbine
assembly. This port is called the cold air port.

Also notice that airflow from a tapoff (marked A) on the hot air
duct can flow through the opposite port. This port is called the hot
air port.

When the cold air port is closed and the hot air port is open, all of
the airflow to the cockpit will bypass the heat exchanger and turbine
assembly. This provides maximum hot air to the cockpit.

When the cold air port is open and the hot air port is closed, all
of the airflow to the cockpit flows through the heat exchanger and turbine
assembly. This provides maximum cold air to the cockpit.

When both ports are partially open a mixture of hot and cold air is
delivered to the cockpit.

Fill in the blanks to complete the following statements.

1. The unit that mixes the hot and cold air to control cockpit temperature
is the cabin

2. To obtain maximum hot air for the cockpit, the cold air port is
(closed/open), and the hot air port is

(closed/open).

TO COCKPIT

TO TURBINE

FROM BLEED
AIR SUPPLY

19
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Frame 16

The cabin dual temperature mixing valve, illustrated below, is a
dual butterfly, motor operated valve.

COLD AIR

Note that both butterflies are actuated by the same motor.

The butterflies are connected together by a mechanical linkage.

When the cold air butterfly moves toward closed, the hot air
butterfly moves toward open.

When the cold air butterfly moves toward open, the hot air butterfly
moves toward closed.

This valve can be controlled by the temperature control switch or
by the temperature selector. Actual control of this valve will be
explained later in this tet.

The indicator on the valve tells the mechanic only the position of
the cold (larger) port.

If the indicator is "OPEN": the cold port is open allowing precooled
air from the heat exchanger to enter the turbine, AND the hot port is
closed stopping the hot airflow to the cabin.

If the indicator is "CLOSED": the cold port is closed stopping the
precooled air from entering the turbine, AND the hot port is open
allowing hot bleed air to enter the cabin.

If the indicator is BETWEEN open and closed: both hot and cold ports
are open allowing hot cold air to mix downstream of the valve.

20



Frame 16 continued

1110

Fill in the blanks to complete the following statements.

1. When both ports of the cabin dual temperature mixing valve are

partially open, a mixture of and air will be
delivered to the cockpit.

2. The cabin dual temperature mixing valve is actuated by an electric

3. The butterflies of the cabin dual temperature mixing valve are

connected by a

Frame 17

From the facts you gained on the trainer aircraft air conditioning
system, you have no doubt guessed that the turbine assembly (number 7 in
the illustration shown) is much the same as the turbine fan assembly.

TO

COCKPIT
(HOT)

FROM BLEED
AIR SYSTEM -1

i

This is half true. That is, it does cool air by rapid expansion and
by converting heat energy to mechanical energy. But, instead of having a
fan and a turbine, this assembly has two turbines. It has an expansion
turbine (number 17) and a compressor turbine (num lr 18).

Let's use the illustration shown to tt..ce th, airflow through the
turbine assembly so t1,.t we can break down this unit's operation.

The air from the primary section of the heat exchanger flows through
the compressor turbine where its pressure is increased. From the compressor
turbine, the air flows to the secondary section of the heat exchanger, and
from there to the expansion turbine.

21
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Frame 17 continued

As the air flows through the expansion turbine, the pressure of the
air will cause this turbine to rotate (turn). Sin-e the expansion turbine
and the compressor turbine are on a common shaft, the compressor turbine
also rotates.

Fill in the blanks to _omplete the following statements.

1. The turbine assembly consists of a turbine and an

turbine.

2. The air flowing through the compressor turbine is from the

section of the heat exchanger.

3. The air flowing through the expansion turbine is from the

section of the heat exchanger.

Frame 18

It's important to note at this point that even though the air flows thru
the compressor turbine first, this does not cause the turbine to turn. The
air that flows through the expansion turbine compressor will cause the
turbines to turn, or we can say the expansion turbine drives the compressor
turbine.

For the expansion turbine to drive the compressor turbine, it must
use energy. This energy is in the form of heat energy from the partially
cooled bleed air.

In the course of driving the turbines, the heat energy is changed to
mechanical energy.

By using the heat energy, the temperature of the air that flows
through the expansion turbine is cut down.

In addition to using heat energy, the pressur2 of the air is rapidly
decreased (expanded) which also helps to decrease the temperature.

Through this process of converting heat energy to mechanical energy,
and rapidly expanding the air, the turbine assembly is able to deliver
extremely cold air to the cockpit if it is needed.

Fill in the blanks to complete the following statements.

1. The compressor turbine is driven by the .

2. The turbine assembly cools the partially cooled bleed air by rapid

and by converting energy to

energy.

22
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Frame 19

The compressor turbine actually serves several purposes. It

compresses the partially cooled air from the primary section of the
heat exchanger. In doing so it puts a workload on the expansion turbine.
The workload uses the enerm from the bleed air and helps to keep the
turbines from overspeeding-

The turbine assembly is illustrated below. This will help you to
become familiar with the external appearance of this unit.

Fill in the blanks to complete the following statements.

1. The compressor turbine serves three purposes, they are;

a. Helps to keep the turbine from

b. Uses energy from the bleed air by putting a
on the expansion turbine.

c. Serves to the partially cooled air.

23
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Frame 20

You may be wondering why the compressor turbine is used to compress
the air that was partially cooled by the primary section of the heat

exchanger. Note on the illustration shown, that air from the primary

section of the heat exchanger is also used for the rain removal system.

When the rain removal system is at work, it causes the pressure going

to the turbine asserbly to be cut down. Also, this aircraft is designed for

ope-ating at extremely high altitudes where the outside pressure is very low.

When the outside pressure is low, the air that comes from the bleed

air system will also be low and could be less than the normal 62 psi.

For an expansion turbine to work efficiently, needs air with enough

pressure to turn it at very high RPMs. If the pressure should become too

low this would not be possible. This is where the compressor turbine comes

in. It increases the pressure so that the expansion turbine will operate

eff ciently.

Of course when the pressure is increased, the temperature is also

inc-eased. Notice that the air from the compressor turbine is routed to the

secondary section of the heat exchanger where its partially cooled again.

From the secondary section of the heat exchanger it goes to the

expansion turbine for final cooling.

FROM ,LEEDI
AIR S EMI

TO

RAIN

REMOVAL

Fill in the blanks to complete the following statements.

1. The bleed air from the bleed air system is first cooled by the
section of the heat exchanger.

2. titer the bleed air is cooled by the primary section of the heat
exchanger it is compressed Ly the

3. air from the compressor turbine is partially cooled by the
section of the heat exchanger, and then further

cooled by the



Frame 20 (Cont'd)

4. The reason for compressing the air with the compressor turbine
is to increase the pressure so the turbine will
operate more

Frame 21

The temperature of air in the cabin depends on the position of the
cabin dual temperature mixing valve. Let's follow the airflow for the
various temperature conditions on the illustration-shown.

COLD

X

FROM BLEED!.
AIR SYSTEMr

HOT

10

TO
COCKPIT

When maximum cold air is needed, the cold air port opens and the
hot air port closes. This will cause all of the air to flow through
the heat exchanger and turbine assembly before it goes to the cockpit.
Note the path of air flow through the heat exchanger and turbine assembly
on the illustration shown.

When maximum hot air is received, the cold air port is closed and
the hot air port is open. This will cause all of the air to bypass the
heat exchanger and turbine assembly. Note the path of airflow from the
hot air duct, and through the hot air port of the dual temperature
mixing valve.

When an intermediate temperature selection is needed, only part of
the air will flow through the heat exchanger and turbine assembly. Part of
the air bypasses these units. The hot and cold air then mixes at point "X,"
and flows from there to the cockpit. The arrows on the illustration above
show the path of air to the point marked "X" where the air is being mixed.

NO RESPONSE REQUIRED
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Frame 22

Match the units in Column "B" with the statements given in Column
"A," by placing the letter from Column "B" in the blanks provided.

Column A

1. Consists of an expansion turbine A.

and a compressor turbine.

2. Motor operated dual butterfly B.

valve.

3. Smoothes out pressure surges.
C.

D.

Column B

Turbine overspeed
pressure switch.

Rupture disc.

Turbine assembly.

Flow limiting venturi.

4. A safety device to relieve
excessive pressure. E. Cabin dual temperature

mixing valve.

5. Senses an overpressure condition
and turns on a warning light.

Circle the number of the true statements.

6. "he turbine assembly cools air by rapid expansion and by converting
heat energy to mechanical energy.

7. £he compressor turbine drives the expansion turbine.

8. 'then the cold air port of the cabin dual temperature mixing valve
is open, the hot air port is closed.

9. To receive maximum hot air in the cockpit, both the hot air port
ind the cold Lir port of the cabin dual temperature mixing valve
gill be open.

10. )efore the air enters the expansion turbine, it must first pass

Through the primary section of the heat exchanger, the compressor
turbine, and the secondary section of the heat exchanger.

11. The cabin dual temperature mixing valve is actuated by an electric

motor.
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Frame 23

The cold air flows from the expansion turbine to a water separator
(number 8 in the illustration). The water separator removes any excess
moisture.

You may be wondering, why is it necessary to remove the excess
moisture. Cold air will not hold as much moisture as hot air. As a
result, when air is cooled, the moisture will tend to condense.

This condensed moisture will appear as a mist or fog, or even as
snow if the air is cocled close to the freezing point. Fog coming from
the air conditioning outlets in an aircraft can be dangerous as it may
be mistaken for smoke and it also would make it difficult for the pilot
to see.

(COLD,

FROM iLEEDI
AIR SYSTEM

TO

RAIN

REMOVAL

Fill in the blanks to complete the following statements.

1. Excess moisture is removed by the

2. The only air that passes through the water separator is the
air from the
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Frame 24

The water separator is shown below. It contains a condensor assembly

and a bypass valve. This is shown in the schematic in figure B, of the

illustration.

BYPASS
VALVE

CONDENSOR
ASSEMBLY

LL_

I I

COLD AIR
DRAIN

FROM EXPANSION
TURBINE

The condensor assembly will cause the excess moisture to condense

into water droplets within the water separator. The water is then drained

overioard through the water separator drain.

The bypass valve will allow the air to bypass the condensor assembly

in c se the condensor become obstructed due to dirt or ice. The air that

will pass through the water separator is cold, and can be below the freezing

poin of water. The water condenses on the condensor assembly, and if the

air emperature is below freezing, ice will form on the condensor. Should

this nappen, the pressure on the inlet side will go up, ov^rcoming the

spri g tension that's holding the bypass valve closed. This will opc- she

bypa s valve, permitting the air to bypass the condensor. This will insure

a flew of conditioned air when the condensor becomes obstructed.

Fill in the blanks to complete the following statements.

1. Che water separator contains a assembly and a

valve.

2. the water separator bypass valve is held closed by

3. file water separator bypass valve is opened by
28
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Frame 25

Under normal conditions, the bypass valve yould stay closed as the
water separator system incorporates an anti-icing system to prevent ice
from clogging the condensor assembly.

The water separator anti-ice system is shown in the illustration
below. This system includes an anti-ice valve (number 9), an anti-ice
controller (number 10), and a lag chamber (number 11).

0 , d
t---VENT

TO
1--COCKPIT

(COLD)

FROM BLEED
AIR SYSTEmi

-0.

The anti-ice valve opens to allow some warm air to enter the water
separator whenever ice starts to form on the water separator condensor.
Notice the path of airflow through the anti-ice valve.

The anti-ice controller senses the icing condition and controls the
opening and closing of the anti-ice valve.

The lag chamber aids in smoother operation of the anti-ice valve
by absorbing rapid flnetuations in pressure.

Fill in the blanks to complete the following statements.

1. The water separator anti-ice system consists of an anti-ice
, and anti-ice , and a lag chamber.
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Frame 25 (Cont'd)

2. The anti-ice system prevents clogF:ng of the water separator
by allowing air trt enter Ile water separator.

3. The partially cooled (warm) air used for water separator anti-
icing is taken from the section of the heat

exchanger.

104 91
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Frame 26

The illustration below shows the water separator and the anti-ice
system. Note that this system is operated pneumatically. Now let's trace
the airflow through the system to see how the anti-ice valve will be
opened and closed.

L
ANTI.ICE

CONTROLLER

LAG
CHAMBER

,r1Ell- VENT

DIAPHRAGM

CONTROL
VALVE

.1.11111

OPENING
DIAPHRAGM

CLOSING
DIAPHRAGM

ANTI-ICE
VALVE

-4-

The anti-ice valve actuator has two diaphragms, an opening diaphragm
(top) and a closing diaphragm (bottom).
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Ft:me 26 (Cont/d)

:,nening diaphragm has a larger diameter than the closinp
diaphragm. This means it has a larger area.

Air pressure from the primary section of the ':eat exchanger goes in
the actuator below the closing diaphragm and on the top of the opening
diaphragm. This will ple-e an equal pressure on both diaphragms. But,

the opening diaphragm has larger area, so ti.e force that tries to open
the valve will be greatr: than the force that tries to cicse the valve.
This will c.auLe the v%ive to open.

The opening and closing of the anti-ice valve is done by controlling
the pressure on the opening diaphragm. This is one by the anti-ice
controller.

Note the line from the anti -s_ce valve to the controller. If the

control valve, in the controller is closed as shown, the pressure will
buildup on the opening diaphragm of the anti-ic.c valve. This opens the

valve.

If the control valve is open, the pressure going to the opening
aphragm will flow around the control valve and out the vent line to

the cockpit. Under this condition, there will be no pressure buildup
,n f-z! opening diaphragm and tile anti-ice valve will stay closed.

Fill i. the blanks to complete the following statements.

1. The water separator anti-ice valve is operated
(pneumatically /electrically).

2. The water separator anti-ice valve is controlled by the

3. If the control valve in the anti-ice controller is open, the anti-

ice valve will be (open!closed).
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Frame 27

Nov let's see how the controller will sense ice to direct the opening

and closing of the anti-ice valve. Note the points marked 0 and I on the

water separator illustraLLon shown. These are sensing lines.

LAG
CHAMBER

t- VENT

DIAPHRAGM

C ONTRM.
VALVE

TO
COCKPIT

ANTI-ICE
CONTROLLER

'"11

OPENING
DIAPHRAGM

CLOSING
DIAPHRAGM

ANT I.ICE
VALVE

The line marked I will sense inlet pressure and the line marked 0

will sense outlet pressure. If there is no restriction (no ice), the

pressure in Coe_ie two sensing lines will be the same.

Now look at the diaphragm inside the controller. The diaphragm

controls the position of the control valve which, in turn, controls

the pressure on the opening diaphragm of the ant4 -ice valve.

With the same pressure in the two sensing lines, the pressure that
comes in the controller will also be the same on each side of the diaphragm.

Now note that the inlet pressure also goes to the lag chamber.

The lag chamber has a smell bleed port (vent) where the inlet pressure

can vent overboard. This will result in a lower pressure on the top of the
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Frame 27 (Coned)

controller diaphragm. The outlet pressure will force the diaphragm up
holding the control valve open. This vents the pressure from the opening
diaphragm, keeping the anti-ice valve closed.

Fill in the blanks to complete the following statements.

1. The anti-ice controller senses icing of the water separator by
sensing a difference of in the water separator.

2. If the water separator inlet and outlet pressures are equal, the
control valve in the anti-ice controller will be (open/
closed) and the anti-ice valve will be (open/closed).
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Frame 28

When ice forms on the condensor, the flow of air through the water
separator will be restricted. This will cause the inlet pressure to
become greater than the outlet pressure.

The higher inlet pressure will force the controller diaphragm down
which will move the control valve down. This stops the venting of air
from the anti-ice valve opening diaphragm.

The pressure buildup on the opening diaphragm will open the anti-ice
valve. The valve wil. stay open until the ice is removed and the pressure
in the water separator equalizes.

The illustration below shows the anti-ice controller and anti-ice
valve as it would be with ice on the water separator condensor.

ANTI-ICE
CONTROLLER

LAG
CHAMBER

I

v

OPENING
DIAPHRAGM 111..

CLOSING
DIAPHRAGM

L_ VENT

DIAPHRAGM

CONTROL
VALVE

ANTI.ICE
"ALVE

Fill in the blanks to complete the following statements.

1. If the water separator inlet pressure is greater than the outlet
pressure, it will cause the anti-ice valve to (open/close).

2. During operation of the air conditioning system, when full cold is
demanded, excessive moisture (fog and snow) comes from the air outlets.
This indicates a defective anti-ice or anti-ice

3. If the water separator anti-ice system fails to operate and allow ice
to accumulate on the condensor, the valve will open to
allow airflow to the cockpit.
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Frame

If the air conditioning system fails to work while the aircraft is
in flight, the pilot must have a means of Leceiving ventilating air.

It should be brought to mind that on the trainer aircraft air
conditioning system a ram air valve was used for this purpose.

A ram air valve (number 25 in the illustration below) is also used
on the fighter aircraft for this purpose.

note in the illustration that air is Lapped from the heat exchanger
ram air inlet and ducted to the ram air valve in the cockpit.
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Frame 29 (Cont'd)

When the ram air valve is open, the cabin air conditioning system
is turned off. When the ram air valve is closed, the cabin air conditioning
system is on.

The emergency vent knob (number 26) controls the ram air valve and
also the on and off action of the cabin air conditioning system.

Fill in the blanks to complete the following statements.

1. When emergency ventilation of the cockpit is desired, the
valve can be opened.

2. The ram air valve is controlled by the
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Frame 30

Illustration "A" shows the ram air valve. This valve ls actuated
mechanically by a cable connected to the emergency vent knob.

PRESSURE REGULATJ,t
AND SHUTOFF VALVE
CONTROL SWITCH

B

When the emergency vent knob is pulled out, it opens the ram air valve
and also actuates a switch which shuts off the cabin air conditioning system.

Illustration "B" shows the switch as it is installed on the valve.
When the emergency vent knob is pushed in, the ram air valve closes. This

also completes a circuit through the switch to operate the air conditioning

system.
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Frame 30 (Cont'd)

Fill in the blanks to complete the following statements.

1. The ram air valve is controlled by the

2. The switch on the ram air valve controls the
system.

3. When the emergency vent knob is pulled out, the air conditioning
system will be (on/off).
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Frame 31

The emergency vent knob serves as the master control for the air

conditioning and ventilation systems.

Recall from frame 4 that the pressure regulator and shutoff valve

is controlled by a solenoid.

When the emergen,4 vent knob is pushed in, the switch on the ram
air valve directs 28-volts DC to energize this solenoid.

When the emergency vent knob is pulled out, the switch disconnects
the electrical power from the solenoid.

Notice this control circuit in the illustration below.

RAM AIR VALVE
BUTTERFLY SHAFT

PRESSURE REGULATOR/
AND SHUTOFF VALVE
CONTROL SWITCH

PRESSURE REG9LATOR
AND SHUTOFF VALVE
CONTROL SOLENOID

Bleed Air Pressure Regulator
and Shutoff Valve 1 t)

r-
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Frame 31 (Cont'd)

Remember, when the solenoid is energized the pressure regulator and
shutoff valve is open, and when the solenoid is de-energized, the valve
closes.

Fill in the blanks to complete the following statements.

1. The switch on the ram air valve controls the air conditioning
system by controlling the on the pressure regulator

and shutoff valve.

2. With air pressure in the bleed air system and the emergency vent
control knob pushed in, the bleed air pressure regulator and

shutoff valve will be (open/closed).

3. The solenoid on the bleed air pressure regulator and shutoff
valve is controlled by a switch activated by the
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Frame 32

Match the units listed in Column "B" with the statements given in
Column "A" by placing the letter from Column "B" in the blanks provided.

1.

2.

3.

4.

Column A

Controls the rem air vale and A.

the pressure regulator and shut-
off valve. B.

Allows ram air to enter the cock- C.

pit for emergency ventilation.
D.

Senses an icing condition in the
water separator. E.

Opens to direct warm air to the
water separator for ice remov-1.

5. Removes excess moisture from the

conditioned air.

4-

.1.5A

Column B

Water separator

Anti-ice valve

Anti-ice controller

Emergency vent knob

Ram air valve



Frame 33

The units described in the preceding frames were either used to
condition the bleed air or to control the bleed airflow for some specific
purpose. The cabin dual temperature mixing valve controls the mixing
of hot and cold air. But, how does the pilot actually control this valve?

Under normal conditions the pilot only has to select the temperature
he desires and the control system will automatically control the valve.
However, there are provisions for the pilot to manually control the
temperature should the automatic system fail.

Fill in the blanks to complete the following statements.

1. The temperature control valves control temperature by mixing
and air.

2. The two methods of controlling the temperature of the air entering
the cockpit are or
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Frame 34

The illustration below shows a schematic diagram of the temperature

control system. This system consists of the following components. The

numbers correspond to the numbers on the diagram.

I. Temperature Control Panel

2. Temperature Selector (rheostat)

3. Temperature Control Switch

4. Cabin Temperature Sensor

5. Cabin Manual Temperature Limiter

6. Cabin Dual Temperature Mixing Valve

NO RESPONSE REQUIRED
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Frame 35

The temperature control panel is the main controlling unit in this
system. It controls the temperature of the air entering the cockpit.
The temperature control panel shown contains the temperature control
switch, temperature selector knob, and a magnetic amplifier type
temperature controller. (The magnetic amplifier circuit is the same
one you studied in the lesson on magnetic amplifiers.)

TEMPERATURE SELECTOR
KNOB

TEMPERATURE CONTROL
SWITCH

The temperature control switch is used to select the mode of operation.
The modes of operation are AUTO and MANUAL. The switch has four positions;
AUTO, MANUAL HOT, MANUAL COLD, and OFF. The temperature selector knob is
used to select the desired temperature during automatic operation.

Fill in the blanks to complete the following statements.

1. The temperature controller, temperature selector knob, and
temperature control switch are each part of the

2. The temperature control panel controls the temperature for the

3. When the temperature control switch is in AUTO mode, the desired
temperature can be selected by using the
knob.
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Frame 36

The temperature selector knob is used to select the temperature

for the cockpit. Remember tewerature selectors are actually variable
resistors, and are frequently called "temperature control rheostats."
This unit is illustrated below.

Fill in the blanks to complete the following statements.

1. The temperature s7.,cctor consists of a

2. The temperature selector is used to select the temperature

for the
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Frame 37

To control cockpit temperature automatically, requires a means of
sensing the air temperature. This is the purpose of the cabin
temn :rature sensor.

The sensor is located in the cabin air inlet valve (refer to frame 30).
It senses the temperature of the air entering the cockpit.

The cabin temperature sensor and the, cabin rheostat each form a part

of the cabin temperature control bridge circuit.

The cabin pensor has a negative coefficient of resistance. An
increase in air temperature causes a decrease in sensor resistance.

This, in turn, sets up a signal on the bridge circuit that will
cause the temperature control panel to position the cabih dual temperature
mixing valve for more cold air.

An increase in sensor resistance will call for hot air. The cabin

sensor is shown in the illustration below.

Cabin Temperature Sensor

Fill in the blanks to complete the f llowing statements.

1. A decrease in air temperature at the abin air inlet valve will

cause the cabin temperature sensor resistance to

2. When the temperature of the air entering the cockpit changes, the

cabin sends a signal. to the

temperature control panel.

3. The cabin sensor has a coefficient of resistance.
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Frame 38

While in normal operation the cockpit temperature is controlled
automatically. However, if the automatic system fails, the pilot can
control the system manually.

In manual operation, if more cold air is needed, the pilot holds the
temperature control switch to manual cold. This will cause the cabin
dual temperature mixing valve to move toward open, as indicated by the
valve position indicator.

If more hot air is needed, the pilot holds the temperature control
switch in manual het which will cause the cabin dual temperature mixing
valve to move toward closed, as indicated by the valve position indicator.

When manual hot is used it is possible to cause an excessive amount
of hot air to flow through the system. This in turn could cause damage
within the system due to overheating.

A safety device is used to prevent this. This unit is the cabin
manual temperature limiter. It is a normally closed thermoswitch.
This part is shown below.

Cabin Manual Temperature Limiter.

The switch contacts are closed under all normal conditions. But,

should the temperature of the air flowing through the air conditioning
ducting exceed a preset temperature (220°F) + 10°, then the switch
contacts will open. This opens the electrical circuit going to the hot
side of the cabin dual temperature mixing valve. This will stop the
valve from going any further toward hot. The valve will only run toward
the cold position.

Fill in the blanks to complete the following statements.

1. During manual operation, if more cold air is desired, the pilot

must hold the switch to

MANUAL COLD.

2. The unit that prevents the system from becoming too hot during
manual operation is the cabin
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Frame 39

Match the units listed in Column "B" with the statements given
in Column "A." Place the letter that corresponds to the unit in the
blanks provided in Column "A."

Column A Column B

1. Used to select either AUTO or A. Temperature Control Panel
MANUAL modes for controlling
temperature. B. Temperature Selector

Knob

2. Used to select the desired
temperature during AUTO mode. C. Temperature Control

Switch

3. Contains a magnetic amplifier
type temperature controller. D. Cabin Temperature Sensor

4. Senses cockpit temperature E. Cabin Manual Temperature
Limiterduring automatic operation.

5. Prevents tLe cabin air condi-
F. Cabin Dual Temperature

Mixing Valve
tioning system from becoming
too hot during manual operation.

6. Controls the mixing of hot and
cold air for cockpit temperature
control.
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Frame 40

The preceding frames on temperature control have described the
temperature control components and given their purpose. The electrical
circuits for control of this system will be given in the next text.

As you work with the temperature control system you shouli be aware
of the difference between the manual temperature control system and the
automatic temperature control system.

`:]hat is this difference? The automatic temperature control system
consists of the following components: Temperature control panel (tempera-
ture controller and rheostat), and the temperature sensor. These
components control the cabin dual temperature mixing valve only during
automatic operation.

When using marAil mode, the temperature mixing valve is controlled
directly by the temperature control switch. The cabin dual temperature
mixing valve is the only common component to both the AUTO and MANUAL
systems.

In other words, the automatic and manual systems work independently
and problems in one system do not necessarily affect the other. This will
be an important point to remember when you start performing system
troubleshooting in your next lessons.

NO RESPONSE REQUIRED
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Frame 41

Before continu_A with this lesson, inform your instructo: that
you are going to the lab to look at t e_trainer, Now, report to the
lab. Inform the lab instructor that you would like to look at trainer
3305, F-4C Environmental Systems. Using this trainer, perform the steps
listed below.

1. Locate the following items.

a. Bleed Air Pressure Regulator and Shutoff Valve.

b. Ground Cooling Ejector Shutoff Valve.

c. Turbine Overspeed Pressure Switch.

d. Cabin Dual Temperature Mixing Valve.

e. Foot Heat and Defog Valve.

f. Emergency Vent Knob.

g. Ram Air Valve (Emergency Vent Air Inlet Valve).

h. Temperature Controller.

(1) Temperature Control Switch.

(2) Temperature Seler`nr Knob.

i. Cabin Temperature Sensor.

j. Cabin Manual Tet2erature Limiter.

k. Foot Heat and Defog Lever.

Note: Were you able to locate each item? If not, ask the lab

instructor for assistance.

2. Trace the airflow for cabin air conditioning.

a. Start in the lower left corner and trace from the air source
to the bleed air pressure regulator and shutoff valve. From

the shutoff valve, trace the airflow to the ground cooling
ejector shutoff valve and to the main heat exchanger.

b. From the heat exchanger follow the orange line going to toe
pressure switch, through the flow limiting venturi, through
the cabin dual temperature mixing valve and to the cooling
turbine assembly. This air is entering the compressor turl.ine.

c. From the compressor turbine follow the red line to the heat
exchanger and the orange 11-,1 back to the expansion turbine.
This path provides cold air.
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Frame 41 (Cont'd)

d. Go back to the pressure regulator and shutoff valve. Trace
the dark red line going to the cabin dual temperature mixing

valve hot air port. Trace airflow from the mixing valve to
the point where the air from the hot air port and the air
from the expansion turbine join (mix). The air flowing from
this point, through the blue line, goes to the cabin. This
is temperature controlled, conditioned air.

e. Trace the blue line to the cabin air inlet valve. From here
the air can flow to the aft cockpit diffuser and to the forward
cockpit foot heat outlets. If the foot heat and defog lever
is positioned to the DEFOG position (right) the air will flow
through the windshield and canopy defog ducts only.

4. Before answering the questions below, report back to your classroom.

Place a T (True) in the blanks to indicate which statements are True,
and an F (False) to Indicate a false statement.

a. The ram air valve is actuated by the emergency vent knob.

b. The switch located on the ram air valve controls the bleed air
pressure regulator and shutoff valve solenoid.

c. The pressure regulator and shutoff valve is actuated by a
pneumatic actuator.
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Frame 42

Using the illustration on foldout number 1, (attached to the back of
this text), match the names of the components listed below with the
components shown on the illustration. Place the letter that identifies
the component in the blank space provided opposite the name.

1. Ground Cooling Ejector Nozzle

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Turbine Overspeed Pressure Switch

Cabin Dual Temperature Mixing Valve

Pressure Regulator and Shutoff Valve

Ground Cooling Ejector Valve

Rupture Disc (location)

Water Separator

Anti-ice Controller

Anti-ice Valve

C-Impressor Turbine

Expansion Turbine

Ram Air Valve

Lag Chamber

Flow Limiting Venturi

Heat Exchanger (primary section)

Heat Exchanger (secondary section)

Cabin Manual Temperature Limiter

Cabin Temperature Sensor
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Frame 42 (Cont'd)

Using foldout number 1, match the component with it's operation as

given below. Place the letter that identifies the component in the blank

space opposite Lhe statements.

1. Through the use of solenoids, and air pressure, it regulates
air flow going to the air conditioning system at 62 psi.

2. It has one motor that positions two butterflies in response to
temperature changes thereby controlling the mixing of hot and

cold air for cockpit use.

3. A butterfly valve that is moved by mechanical linkage to the
open position when emergency ventilating air is needed.

4. Made up of several small outlets that will cause engine bleed
air to create a low pressure area in the heat exchanger ram
air exhaust and increase the ram air flow across the heat

exchanger.

5. Uses the principle of decreasing air pressure and increasing
air velocity across it's throat to stop air surges going into
the turbine and prevent a complete loss of air flow if the
rupture disc cracked open.

6. A butterfly valve controlled by diaphragms and operated by air

pressure to the open position to prevent freezing of t3 water

separator.

7. A motor operated butterfly valve that will be opened when the
landing gear are down to allow bleed air to flow through the

ground ejector nozzles.

STOP

Note: After completing this frame, stop and see your instructor.

Instructor's Initials
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SECTION II
Frame 43

The cold air from the water separator will mix with hot aft from the
dual temperature mixing valve and then flow into the cockpit. The air that
flows to the cockpit flows through a Cabin Ail: Inlet Valve (number 19 in
the illustration shown) and a Foot Heat and Defog Valve (number 20).

AFT COCKPIT FWD COCKPIT

FOO
HEM

VALVE

FROM COLD PORT _IN,
EXPANSION. TURBINE
AND WATER SEPARATOR rdOM MOT PORT DUAL

1EMP MIXING VALVE

1

These twu valves are controlled by the Foot Heat and Defo Lever
(number 24 in the illustration).

The cabin air inlet valve controls the adount of air going to the
aft cockpit diffuser (nImber 21).

The foot heat and defog valve controls the air going either to the
foot heat outlets (number 22) in the forward cockpit or to the windshield
defogging tubes (number 23).

Find these parts in the illustration shown and note the path of
airflow.

When windshield defogging is req fired, the cabin air inlet valve
restricts the airflow going to the aft cockpit. The foot haat and defog
valve directs the air to the windshield and, at the same time, reduces
the airflow to the tool. heat outlets.

Fill in the blanks to complete the following statements.

1. The unit that controls the amount of air going to the aft cockpit
diffuser is the valve.

2. The unit that directs the air to either the foot heat outlets or the
defogging tubes is the and
valve.
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Frame 44

The cabin air inlet valve and the foot heat and defog valve are
connected to one manual control lever by mechanical linkage. This

lever is called the Feot Heat and Defog Lever.

The foot heat and defog lever has two positions; they are the FOOT
HEAT position and the DEFOG position.

The illustration below shows the valves, lever, and mechanical
linkage.

TO
WINDSHIELD
DIEFFOGINS

TUNES

TO
FOOT MEAT

OUTLETS

TO
ow *CET COCKPIT

SIFFUSER

FOOT HEAT AND DEFOG VALVE

CALM AIR INLET SENSOR

CASIN AIR INLET

VALVE AS5E/AMA,

FROM AIR CONDITIONING SYSTEM

Fill in the blanks to complete the following statements.

1. The positions of the foot heat and defog control lever are

and

2. The foot heat and defog valve and the cabin air inlet valve are

connected to the same control by linkage.

3. The foot heat and defog control lever controls the foot heat and

defog valve and the valve.
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Correct Responses to the Frames

Frame 1
1. windshield, canopy
2. electronic
3. crew
4. engines

Frame 2 - No Response

Frame 3
1. shutoff valve
2. pressure regulator

Frame 4
1. solenoid
2. air pressure
3. air pressure, electrical
4. pressure regulator

shutoff valve

Frame 5
1. primary, secondary
2. primary

Frame 6
1. cockpit, rain

2. ram
3. secondary

Frame 7
1. ejector shutoff valve
2. shutoff valve, nozzle

Frame 8
1. ejector shutoff valve
2. auxiliary relay
3. down

Frame 9
1. bleed Frame 22
2. low pressure 1. C 6. T 11. T

frame 10
2. E 7. F

Frame 13
1. rupture uisc
2. ram air outlet

Frame 14
1. limiting venturi
2. flow limiting venturi

Frame 15
1. dual temperature mixing valve
2. closed, open

Frame 16
1. hot, cold
2. motor
3. mechanical linkage

Frame 17
1. compressor, expansion
2. primary
3. secondary

Frame 18
1. expansion turbine
2. expansion, heat, mechanical

Frame 19
1. a. overspeeding

b. workload
c. compress

Frame 20
1. primary
2. compressor turbine
3. secondary, expansion turbine
4. expansion, efficiently

Frame 21 - No Response

1. C 6. B

2. A 7. A
3. D 8. open
4. C 9. pneumatic actuator
5. A 11. pressure, shutoff

3 . D 8. T

44. B 9. F

5. A 10. T

Frame 23
1. water separator

Frank: 11
2. cold, expansion turbine

1. pressure witch, rupture Frame 2:
disk 1. condensor, bypass

2. crzerspeed pressure switch 2. spring tension

Frame 12
3. air pressure

1. turbine overspeed pressure Fr me 25
switch 1. controller, valve

2. pilot 2. warm
3. bleed air pressure regulator 3. primary

and shutoff valve
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Frame 26
1. pneumatically
2. anti-ice controller
3. closed

Frame 27
1. pressure
2. open, closed

Frame 28
1. open
2. valve, controller
3. bypass

Frame 29
1. ram air
2. Emergency vent knob

Frame 38
1. temperature control

2. manual temperature limiter

Frame 39
1. C 4. D
2. B 5. E

3. A 6. F

Frame 40 - No Response

Frame 41

1. T

2. T

3. T
Frame 42

Frame 30
1. Emergency vent knob
2. air conditioning
3. off

Frame 41

1. T

2. T

3. T

Frame 42

Frame 31 1. C 10. J

1. solenoid 2. E 11. K

2. open 3. H 12. T

3. emergency vent knob 4. A i3. 0

5. B 14. F

Frame 32 6. G 15. D

1. I)
7. L 16. I

2. E 8. N 17. P

3. C 9. M 18. Q

4. B Frame 42 (cont'd)
5. A 1. A 5. F

2. H 6.

Frame 33 3. I 7. B
1. hot, cold 4. ,

2. automatically, manually
SECTION II

Frame 34 - No Response

Frame 35
1. temperature control panel
2. cockpit
3. temperature selector

Frame 36
1. rheostat
2. cockpit

frame 37
1. increase
2. temperature sensor
3. .Legative

60
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Frame 43

1. cabin air inlet
2. foot heat, defog

Frame 44

1. foot heat, defog
2. lever, mechanical
3. cabin air inlet
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Environmenta2 PnetJraulics Branch C3ABR42331-WB-202A
Chanute AFB, Ill'nois

FIGHTER CABIN AIR CONDITIONING SYSTEM TROUBLESHOOTING

OBJECTIVE

Using a multimeter and wiring diagram, troubleshoot the cabin air
conditionin, system trainer, locating 3 out of 4 troubles correctly.

EQUIPMENT

Trainer 3305, Fighter Air Conditioning
Multimeter AN /PSI -6

PROCEDURE

1, Lemove all of your jewelry. Report to the lab 'nstructor and
inform him of the lesson on which you are working. The instructor will
assign you to a trainer and prc.iide the necessary materials.

2. This workbcak is presented in two sections. Section is

to familiarize you with the components of the cabin air conditioning
system and to prepare you for performing the operational chick and
troubleshooting. Section 2 contains the steps for operationally
checking tle system and the malfunctIons that you are to troubles toot.
Perform each step as directed on the following pages.

Supersedes 3ABR4 ?A-WS-201A, 24 November 1980.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 300; DAV - 1
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SECTION 1. CABIN AIR CONDITIONING SYSTEM COMPONENTS

1. Location and identification of system components.

a. Using the trainer and the illustration in figure 1,
locate each of the numbered items. Write the name of each of these
numbered items in the blank space. As you lccate each cot2onent,
notice the check point near the component that is used for hecking
the electrical circuitry.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

COMPARE YOUR ANSWERS TO THOSE ON PAGE 5.
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Figure 1. Fighter Air Conditioning Trainer.
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Answers to location and identification step la.

(1) 1314ed air pressure regulator and shutoff valve.

2) Cabin dual temperavire mixing valve.

(3) Ground cooling ejector shutoff valve.

(4) Cabin temperature sensor.

(5) Cabin manual temperature limiter.

(6) Turbine overspeed pressure switch.

(7) Emer air inlet valve.

(&) Water separater.

(9) Anti-ice valve.

(10) Anti-ice controller.

b. Using the trainer and figur6 2, locate each of the
numbered items. Write the names of each item in the blank space. As

you locate the items notice the check points for checking the el,,.ctrical
circuit.

COMPARE YOUR ANSWERS TO TH)SE ON PAGE 7.

5
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e Answers to location and identificatim step lb.

(1) Cockpit heat and vent circuit breaker; 115 VAC.

(2) Cockpit heat and vent circuit breaker; 28 VDC.

(3) Warning light circuit breaker.

(4) Landing gear circuit breaker.

(5) Emergency vent knob.

(6) Temperature control panel.

(7) Landing gear handle.

(8) Test point for the landing gear control switch.

(9) Footheat and defog lever.

(10) Defog switch.

(11) Cabin turbine uverspeed warning light.

(1.2) Landing gear auxiliary relay.

2. Trainer prepare '.on.

a. Place all trouble switches to the OtT position. These

switches are located at the left end of the trainer.

below.

b. Push in the following circuit breakers:

(l) Cockpit heat and vent; 115 VAC.

2) Cockpit heat and vent; 28 VDC.

(3) Warning lights.

(4) Landing gear.

c. Place tLe switches to the NORMAL positions a^ lsted

(1) Emergency vent knob Pushed in.

(2) Landing gear lever Down.

(3) Defog lever --------- Footheat.

(4) Temperature control switch Autc.

(5) Temperature selector Cold.
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d. Place the power switches to the ON position. These
switches are located on the left side of the trainer.

3. Trainer Operation.

a. During the following steps you will operate each com-
pouent of the cabin air conditioning system. When a switch or lever
is actuated be sure to notice which of the valves operate and the
valve position. Actuate each switch as directed. From your observa-
tion of the trainer operation, complete each of the statements by
circling the correct word.

STEP 1. Bleed air pressure regulator and shutoff valve, and emer
vent air inlet valve operation.

(3) Pull out the emergency vent knob.

(a) The bleed air pressure regulator and shutoff
valve (opens/closes).

(b) T. emer air inlet valve (opens/closes).

(2) Push in the emergency vent knob.

(a) The bleed air pressure regulator and shutoff
valve (opens/closes).

(b) The emer air inlet valve (opens/closes).

(3) If the bleed air pressure regulator and shutoff
valve fails to operate, it indicates a defective valve or an open
electrical circuit.

STEP 2. Ground cooling ejector shutoff valve operation.

(1) Place the landing gear handle in the GEAR UP
position. The ground cooling ejecto-: shutoff valve (opens/closes).

(2) Move the landing gear handle to the GEAR DOWN
position. The ground cooling ejector shutoff valve (opens/closes).

STEP 3. Cabin temperature control system; manual operation.

(1) Place the temperature control switch to MANUAL
HOT. The cabin dual temperature mixing valve (opens/closes).

Note: This can be determined by observing the valve position
indicator located on tne valve body.

(2) Place the temperature control switch to MANUAL
COLD. The cabin dual temp mixing valve (cyans/closes).

(3) If the temperature control valve fails to operate
it indicates that the valve is defective or there is an ,,pen in
the 28 VDC electrical circuit.

8
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STEP 4. Cabin temperature control system; automatic operation.

(1) Place the temperature control switch to AUTO,
then rotate the temperature selector to HOT. The cabin dual temperature
mixing valve moves toward (open/close).

(2) Rotate the temperature selector to COLD. The
cabin dual temperature mixing valve moves toward (openfclose).

(3) If the automatic temperature control system
fails to operate, it indicaates an open in he 115-volt AC power
circuit to the controller.

(4) If the temperature sensor or wiring to the
sensor is SHORTED, the temperature mixing valve will go full (open/close).

(5) If the temperature sensor or wiring to the
sensor is OPEN, the temperature mixing valve will go full (open /close).

STEP 5. Return all switches to the NORMAL position as indicated
in paragraph 2d and place trainer power switches to on.

COMPARE TIE ANSWERS THAT YOU HAVE SELECTED TO THOSE GIVEN BELOW.

STEP 1. (1) (a) closes

'2) (a) opens

STEP 2. (1) closes

(1) (b) opens

(2) (b) closes

(2) opens

STEP 3. (1) closes (2) opens

STEP 4. (l) close (2) open (4) open (5) close

If your answers do not agree, check with the instructor. If y,ur
answers agree, tnen the trainer is operating correctly.

4. Sensor Resistance.

a. Prior to maintaining a temperature control system
yuu should determine the normal resistance values of the sensors.
This can be done by referring to the technical order or by measuring
a known good sensor.

b. Measure :he resistance of the cabin temperature sensor.
To meausre resistance, the circuit must be isolated. To isolate
the sensor on the trainer, disconnect; the AN connector attached
to the temperature control panel. With this disconnected you can
measure the sensor resistance from the cabin temperature sensor
check point. The resistance of the cabin sensor is

c. Ask the instructor fo: thi. ambient temperature of
the lab area

9
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d. The graph illustrated in figure 3 shows the normal

sensor resistance. This is the same type of graph you will use

on the flight line. Determine the resistance range for the cabin

sensor. Is the measured resistance of the sensor within the range

given on the graph? (yes/no). If your answer was no, ask the

instructor for assistance.

17
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NOTES
FOR ANY GIVEN TEMPERATURE, RESISTANCE MUST FALL WITHIN

SHADED AREA.

2, GRAM A, USE FOR CHECKING SENSORS ANC LIMITERS WHEN
INSTALLED IN AMCRAFT.

3. GRAM 4, USE ONLY WHEN A SENSOR OR LIMITER IS REMOVED
FROM THE AIRCRAFT AND IS PLACED IN A CONTROLLED TEMPER
ATM ENVIRONMENT (cp. SUIIMERGE UNIT IN WATER THAT IS
TEMPERATURE CONTROLLED).

TM

Figure 3. Temperature Sensor
Resistance Graph.

Instructions for using the temperature sensor resistance graph.

On graph A, locate the vertical line for ambient temperature.

Follow this line up to the shaded area, then follow the horizontal

lines to the left to determine the range of the rasis ance in "K"

ohms. "K" 1,000 ohms.

Example: -f the temperature is 65°F, then the resistance

range should be between 2200 ohms and 4500 ohns.

1r)
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SECTION 2. CL.IN AIR CONDITIONING SYKEM
OPERATIONAL CHECK AND TROUBLESHOOTING

OPERATIONAL CHECK

1. The steps that you performed in paragraph 3a of Section
1 invoked operating each component in the cabin air conditioning
system. They determined if each component was operating properly
and are called operational checks.

2. The chart below formalizes the procedure for performing
operational checks in an outline form. To insure that you are familiar
with this procedure, turn the trainer power switches ON and perform
each of the steps. After you are sure you understand the operational
check procedure, then continue to she troubleshooting part of this
lesson.

positioning the Control Devices Operating Valve Valve Position

till out the emergency vent
Knob

Bleed air pressure regulator
and shutoff valve

Emer Air inlet valve

CLOSED

OPEN

Push in the emergency vent
Knob

Bleed air pressure regulator
and shutoff valve

Zmer Air inlet valve

OPEN

CLOSED
H

Move the landing gear handle
to the GEAR UP position

Ground ejector valve CLOSED

Move the landing gear handle
to the GEAI DOWN position

Ground ejector valve OPEN

Place the temperature
control switch to MANUAL HOT

Cabin dual temperature
mixing valve

CLOSED

Place the temperature

control switch to MANUAL
COLD

Cabin dual temperature
mixing valve

OPEN

Place the temperature
contre' switch to AUTO.
Rotate _ k temperature
selector to HOT.

Cabin dual temperature
mixing valve

Travels toward
CLOSED

Rotate the temperature
selector to COLD

Cabin dual temperature
mixing valve

Travels toward
OPEN

Operational Check Procedure Chart

11
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TROUBLESHOOTING

1. For each trouble, perform an operational check to determine the
malfunctioning component; place a statement in the "discrepancy" block
of the troubleshooting response sheet.

2. Using a wax pencil, trace the electrical circuit that operates
or controls the malfunctioning component.

3. Use a multimeter to locate the cause of the trouble.

Note: When measuring voltage, be sure the meter is set to the
correct voltage range. Make sure that you have the negative (black)
lead to ground. Ground on the trainer is any connection with a
ground HI ) symbol. When checking t'a manual temperature control
system, be sure to hold the temperature control switch to either
hot or cold. When measuring resistelce, be sure the trainer power
switc" is off, and the meter is set at OHMS. Use the OHM portion
of the multimeter only to check sensors and their circuits.

4. Record the cause of the trouble in the "cause" block of the
' elbleshooting response sheet.

5. The trouble switch that you are to use for each problem is
listed on the side of the discrepancy block. There are 12 problems

for you to troubleshoot. We will go elrough trouble number 1 to show
you how to arrive at the correct answer.

Trouble Switch #1

1. Place trouble switch #1 to the IN position.

2. Perform an operational check. Use the operational check
chart, on page 11, if needed.

3. As you went through the operational check you found the cabin
mixing valve would not operate in automatic. Make the following state-
ment in the discrepancy block of the troubleshooting response sheet
for trouble #1.

"Cabin mixing valve will not operate in automatic."

4. Since the cabin mixing valve will not operate in automatic
hot or cold, what part of the circuit would affect automatic operation
of the system?

5. If the problem were in the DC power supply, then the valve

old not cparece in manual. This leaves the AC power supply.

6. Trace the AC power supply from the 115V AC cockpit heat and
vent circuit breaker to the temperature control panel.

Note: 28 volt DC supply is required to operate the vale. In auto
and manual the 115V AC supply is required for operation of the cabin
magnetic amplifiers. In automatic hot end cold only.
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7. Check the AC power supply with the multimeter. Make sure
your meter is set at the correct voltage. Check for voltage at pin "E"
of the temperature control panel. You did not get a voltage indication,
did you?

8. Now, check for voltage at the 115V AC cockpit heat and vent
circuit breaker. There is voltage at this point. This means there
must be an open in wire H9A20.

9. Record your findings in the "cause" block of trouble switch
#1, on the troubleshooting response sheet.

"Open in wire H9A20."

10. You have completed trouble #1 so place that trouble switch
to the OUT position and continue with troubles number 2 through 10.
Be sure to record the malfunction in the "discrepancy" block and the
cause of the malfunction in the "cause" block of the troubleshooting
response sheet.

11. After you have completed, return this workbook to your lab
instructor to have him grade it. If you did not locate the troubles
correctly, your instructor will tell you where you made your error(s)
and have you redo those troubles. Your instructor will now assign
the test to meet the objective. You must locate 3 out of 4 troubles
correctly.

13
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TROUBLESHOOTING RESPONSE SHEET

TROUBLE
SWITCH
NUMBER

DISCREPANCY CAUSE

1

2

3

4

5

6

7

8

9

10

WHEN COMPLETED, REPORT TO THE INSTRUCTOR.

Instructor's signature showing satisfactory completion of this objective:

14
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Technical Training
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OBJECTIVE

Relate 8 out of 10 components of the rain removal system to their

operation.

INSTRUCTIONS

The text presents this material in small steps called frames.
After each frame you are asked to respond to questions in some manner.
Read the material carefully and accomplish what each frame directs you

to do. The correct answers are given at the top of the next frame or

as specified. If you have answered each response correctly, continue

on to the next frame. If you are incorrect, real the material again

and correct your answers before ccntinuing.

Supersedes C3ABR42331-PT-202, 28 June 1982.

OPR: 3370 TCHTG

DISTRIBUTION: X
3370 TCHTG/TTGU-P - 500; DAV - 1
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Frame 1

The purpose of the rain removal system is similar to the purpose of
t,le windshield wipers on an automobile. The system keeps the windshield
clear of rain. This is done by blowing a mixture of hot and part ally
cooled air over the windshield. The air will break up the rain particles
and turn them away from the windshield.

During this lesson you wig studying the system used on a fighter
type aircraft. In the system to for the rain removal is discharged
through a nozzle (outlet). The nozzle is put at the base of the wind-
shield. Notice the rain removal nozzle location below.

REAR CANOPY

FRONT C OPY

WINDSHIELD

RAIN REMOVAL
NOZZLE

Complete the following statements.

1. The purpose of the rain removal system is to keep the
clear of rain.

2. The rain removal system blows a mixture of and

bleed air over the windshield.

3. The rain removal nozzle directs air over the

3

1537



Answers to Frame 1: 1. windshield 2. hot, partially cooled 3. windshield

Frame 2

The air for the rain removal system is "tapped" from the cabin
air conditioning system.

The partially cooled air is drawn from the primary section of the
refrigeration unit heat exchanger. The hot bleed air is drawn from the
unit's hot bleed air duct.

The dark lines in the sketch show the rain removal system. Note the
large duct that carries the partially cooled air from the heat exchanger.
The smaller duct takes the hot Lir from the refrigeration unit hot bleed
air duct.

WINDSHIELD TEMPERATURE

BLEED AIR PRESSURE
REGULATOR AND SHUTOFF
VALVE

)Jgffiec-4"."-

- ,

Pert

7PARTIALL'>N
. COOLED AIR

SENSING CONTROL UNIT
ONSIDE ACFT)

WINDSHIELD TEMPERATURE
SENSOR

RAIN REMOVAL
NOZZI E

*'; RAIVALNVEREMOVAll

1 .
BYPASS
VALVE

HOT BLEED
AIR LINE

HEAT
EXCHANGER

\.
DRAIN V .LVE

Fill in the blanks to complete the following statements.

1. The rain removal system receives partially cooled air from the

2. The air discharged from the rain removal nozzle is a mixture of

partially and air.

3. The rain removal system receives hot bleed air from the refrigeration

unit bleed air duct.

4
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Answers to Frame 2: 1. heat exchanger 2. cooled, hot 3. hot

Frame 3

Remember the fighter cabin air conditioning system? Air flow through
the cabin refrigeration unit is regulated by the bleed air pressure regulator
and shutoff valve. This valve regulates the air pressure for both the
cabin air conditioning system and the rain removal system.

Trace the airflow on the sketch below. Start at the point marked
FROM BLEED AIR SYSTEM. Follow the arrows through the bleed air pressure
regulator and shutoff valve.

Note the first tapoff, POINT A, going to the rain removal system. This
is the hot bleed air tapoff.

Continue to follow the arrows through the primary section of the heat
exchanger and note tte second tapoff, POINT B, going to the rain removal
system. This is the partially cooled air tapoff.

EXPANSION
TURBINE

COMPRESSOR
TURBINE

HOT AIR

CABIN DUAL TO RAIN

TEMPERATURE REMOVAL

MIXING VALVE

COOLED AIR
TO RAIN
REMOAL

PRIMARY
SECTION

HEAT
EXCHANGE

SEV1 PRY

EXCHANGER

FROM J le

FROM BLEED
AIR SYSTEM

BLEED AIR P SSURE REGULATOR
AND SHUTOFF VALVE

TURBINE OVERSPEE
PRESSURE SWITCH

1

L_

GROUND COOLING
EJECTOR VALVE

Fill in the blanks to complete the following statements.

1. The _deed air pressure regulator and shutoff valve must be
for tl rain removal system to operate.

2. The bleed air pressure regulator and shutoff valve is part of the cabin

unit.

3. The partially cooled air used for rain removal is cooled by the

section of the heat exchanger.

5
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Answers to Frame 3: 1. regulating 2. refrigeration 3. primary

Frame 4

The bleed air pressure regulator and shutcff val e is a solenoid
controlled, pneumatically (air) actuated valve. This valve has two
solenoids: The main solenoid (A) and a low pressure solenoid (B). Both
solenoids use 28 VDC power.

For normal cabin air conditioning operation. only the main solenoid
is energized. This regulates the pressure of the air conditioning system
to 52 psi. This will happen before thQ pilot turns the rain removal system
on.

When the rain removal system is turned on, the low pressure solenoid
will energize. This reduces the pressure of the bleed air (for both air
conditioning and rain removal)to 35-45 psi.With the rain removal system on,
both the main solenoid and the low pressure solenoid will be energized.

The bleed air for the rain removal system is tapped off downstream
(beyond-past) of the pressure regulator and shutoff valve. This valve
must be regulating (open) for rain removal operation.

Fill in the blanks to complete the following statements.

1. The 1311..ed air pressure regulator and shutoff valve is actuated by

pressure.

2. Opening and closing the pressure regulator and shutoff valve is

controlled by the (main solenoid/low pressure solenoid).

3. When the rain removal system is on, pressure to the air conditioning

system is (reduced/increased).

4. When the rain removal system is on, the low pressure solenoid is

(energizedIdeenergized)

6

1540



Answers to Frame 4: 1. air 2. main solenoid 3. reduced 4. energized

Frame 5

The sketch on this page is a simplified schematic of the rain removal
system. The bleed air pressure regulator and shutoff valve and the heat
exchanger are actually part of the cabin refrigeration unit. These are
put in the system sketch. They are also related to the rain removal system
as explained in the previous frames.

Tha rain removal system cons4.sts of the following four components:

1. Rain removal valve

2. Rain removal bypass valve

3. Rain removal duct drain valve

4. Rain removal nozzle

Notice each of these components in the system illustration be]ow.

RAIN
REMOVAL
NOZZLE

RAIN REMOVAL
DRAIN VALVE

RAIN REMOVAL
BYPASS VALVE

TO
At R CONDITIONING

SYSTEM

FROM BLEED
AIR SYSTEM

RAIN REMOVAL
VALVE

I Ur' sod

BLEED AIR
TURBINE

PRESSUR
OVERSPEED

REGULATEOR AND PRESSURE SWITCH

SHUTOFF VALVE

7
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Frame 6

The rain removal valve, shown below, controls the flow of partially
cooled bleed air from the heat exchanger to the rain removal nozzle.
This is a butterfly type valve.

When the rain removal switch is placed to the ON position, 28 VDC
power is directed to the rain removal valve motor. The valve then moves

to the open position. This allows the partially cooled bleed air to
flow through the valve and on to the nozzle.

NOTE: 1. The motor actuates the valve

2. Opening of the rain removal valve is controlled by the
rain removal switch

3. Closing of the rain removal valve is controlled by the
rain removal bypass valve limit switch

RAIN
REMOVAL

NOZZLE

RAIN REMOVAL
DRAIN VALVE

RAIN REMOVAL
BYPASS VALVE

TO
AIR CONDITIONING

SYSTEM

FROM BLEED
AIR SYSTEM

BLEEFTW: TURBINE
OVERSPEEDIARSII:AIRAN PRESSURE SWITCH

SHUTOFF VALVE

RAIN REMOVAL
VALVE

8
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Frame 7

The rain removal bypass valve, shown below, controls the hot bleed
air going to the rain removal nozzle frcm the hot bleed air duct. This
is a butterfly type valve.

When the rain removal switch is placed to the ON position, 28 VDC
power is directed to the rain removal valve motor. After this valve is
fully open, a limit switch inside moves, opening the circuit within the
motor. Then the 28 VDC power is directed to the rain removal bypass
valve motor. The bypass valve then moves to the open position, allowing
hot bleed air to flow to the mixing point. At this point, hot bleed air
is mixed with the partially cooled air. The bypass valve increases the
volume and temperature of the rain removal air.

NOTE: 1. The motor actuates he valve.

2. Opening of the rain removal bypass valve is controlled
by the limit switch in the rain removal valve.

3. Closing of the rain removal bypass valve is controlled
by the rain removal switch.

RAIN
REMOVAL
NOZZLE

RAIN REMOVAL
DRAIN VALVE

RAIN REMOVAL
BYPASS VALVE

RAIN REMOVAL
VALVE

TO
AIR CONDITIONING

SYSTEM

FROM BLEED
AIR SYSTEM J

rITILIEED AIR TURBINE
PRESSURE OVERSPEED
REGULATOR AND PRESSURE SWITCH
SHUTOFF VALVE

9
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Frame 8

Fill in the blanks to complete the following statements.

1. The rain removal valve is actuated by a

2. The hot bleed air going to the rain removal nozzle is controlled by

the valva.

3. The air flowing to the rain removal nozzle is a mixture of

and air.

4. The rain removal bypass valve is actuated by a

5. The partially cooled bleed air going to the rain removal nozzle is

controlled by the valve.

6. Opening of the rain removal valve is controlled by the

10
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Answers to Frame 8: 1. 28 VDC motor 2. rain removal bypass
3. partially cooled & hot 4. 28 VDC motor
5. rain removal 6. rain removal switch

Frame 9

When the rain removal system is OFF, the rain removal duct drain
valve is held open by a spring. This allows the drain valve to drain
water which accumulated while the aircraft was on the ground during
periods of precipitation. The drain valve prevents water from being
sprayed over the windshield when the rain removal sysem is turned on.

When the rain removal system is turned ON, air flowing through
the rain removal ducts forces the rain removal duct drain valve to close.
This also prevents a loss of air when the system is ON.

WATER

Fill in the blanks to complete the following statements.

1. The rain removal duct drain valve is opened by a

2. The rain removal duct drain valve is closed by

11

1545



Answers to Frame 9: 1. spring 2. air pressure

Frame 1G

The illustration below shows the complete airflow system with the rain

removal switch in the ON position. A schemp.tic of the electrical circuitry

is also shown.

Trace the path for ele-trical current flow when the system is turned

ON. Current flow;; from the circuit breaker, through the rain removal

switch. From the switch current then flows to the low_,pressure solenoid

on to the bleed air pressure regulator and shutoff valve. This reduces

the air pressure going to the air conditioning system.

Current is also directed to the open winding of the rain removal

valve motor. This operates the rain removal valve to the open position.
When the valve reaches full open, it moves a limit switch to stop current

flow to the rain removal valve motor windings. This limit switch then

directs the current flow to the rain removal bypass valve motor. Current

then flows through the open windings of the rain removal bypass valve

motor, opening the valve. When, the rain removal bypass valve reaches
the full open position, it moves a limit switch to stop current flow to
the rain removal bypass valve motor open windings, which prevent the

valve from over travel.
RAIN

REMOVAL
NOZZLE

RAIN REMOVAL
SWITCH

28
VOL

RAIN
REMOVAL

RAIN REMOVAL'
DRAIN VALVE MIXING

POINT

RAIN REMOVAL
VALVE
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RAIN
REMOVAL
WASS
VALVE

TO
AIR CONDITIONING

SYSTEM

FROM BLEED
AIR SYSTEM

-S-13 CEED AIR
TURBINE

PRESSURE
OVERSPEED

REGULATOR AND PRESSURE SWITCH

SHUTOFF VALVE
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Fr.me 10 (cont'd)

Since the rain removal valve opens first, the partially cooled air
will reach the rain removal nozzles first. Then the rain removal bypass
valve will °tan allowing the hot bleed air to mix with the partially
cooled air and flow on to the nozzles. The rain removal valves are
sequenced this way to prevent a rapid temperature increase of the wind-
shield, which could damage or distort the windshield.

Fill in the blanks to complete the following statements.

1. When the rain removal switch is ON, the low pressure solenoid wir! be

2. When the rain removal switch is ON, the valve that opens first is

the

3. The rain removal bypass velva will open only after the

has fully opened.

4. When the rain removal switch is ON, the air pressure going to the

air conditioning system is

13
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Answers to Frame 10: 1. energized 2. rain removal valve
3. rain removal valve 4. reduced

Frame 11

The illustration below shows the complete airflow system with the rain
removal switch in the OFF position. A schematic of the electrical circuitry
is also shown.

With the switch in the OFF position, the circuit will open going to
the rain removal valve and the low pressure solenoid. This deenergizes
the low pressure solenoid and allows the pressure regulator and shutoff
valve to regulate pressure at 62 psi, for normal air conditioning.

Trace the path for electrical current flow when the system is turned
OFF. Current flows from the circuit breaker, to the rain removal switch.
From the switch current then flows to the close windings of the rain
removal bypass valve motor, closing the valve.
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DRAIN VALVE nrMIXING

POINT

RAIN REMOVAL
VALVE

OPEN

CLOSr

TO
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REGULATOR AND PRESSURE SWITCH

SHUTOFF VALVE
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Frame 11 (coned)

When the valve reaches full closed, it moves a limit switch to stop
current flow to the rain removal bypass valve motor windings. This limit
switch then directs the current flow to the rain removal valve motor.
Current then flows through the close windings of the rain removal valve,
closing the valve. When the rain removal valve reaches the full close
position, it moves a limit switch to stop current flow to the rain removal
valve motor close windings, which prevents the valve from over travel.

Fill in the blanks to complete the following statements.

1. When the rain removal switch is placed to OFF, the low pressure

solenoid is

2. Placing the rain removal switch to OFF, directs electrical power

to close the valve first.

1, The rain removal valve closes only after the

has been fully closed.

15
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Answers to Frame 11: 1. deenergized 2. rain removal bypass
3. rain removal bypass valve

Frame 12

Answer the following statements true (T) or false (F).

1. The purpose of the rain removal system is to keep the canopy
clear of rain.

2. The rain removal valve controls the flow of partially cooled
air.

3. The partially cooled air for rain removal is tapped from the
secondary section of the heat exchanger.

4. For the bleed air prP.sure regulator and shutoff valve to
open, the emergency vent knob must be pushed in.

5. The volume and temperature of the rain removal air is increased
when the rain removal bypass valve is opened.

6. The rain removal valve and bypass valve are both actuated
by a 28 VDC motor.

7. The rain removal drain valve is held open by a spring and
closed by air pressure.

8. For the rain removal bypass valve to open, the rain moval

valve must be fully open.

9. The rain removal bypass valve closes after the rain removal

valve has closed.

10. Opening of the rain removal valve and closing of the rain
removal bypass valve are controlled by the rain removal switch.

11. Closing of the rain removal valve and opening of the rain
removal bypass valve are controlled by the rain removal switch.

12. Closing of the rain removal valve is controlled by a limit
switch on the rain removal bypass valve.

16
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Answers to Frame 12: 1. F 2. T 3. F 4. T 5. T 6. T
7. T 8. T 9. F 10.T 11.T 12. T

Frame 13

The rain removal system does not have a way to control the air tempera-
ture automatically. So should an overheat condition occur, the pilot must
turn the rain removal system off to reduce the temperature.

There is a system to warn the pilot when the windshield temperature
reaches 260 °F or above, where it could damage the windshield panel. This
is the windshield temperature overheat warning circuit.

The windshield temperature overheat warning circuit consists of the
following components:

1. Windshield Temperature Sensing Control Unit

2. Windshield Temperature (the warning light)

3. Windshield Temperature Sensor

Locate these components in the illustration shown below.

WINDSHIELD TEMPERATURE
SENe.,NG CONTROL UNIT WINDSHILD

TEMPERATURE
PAO 20;j -,,P1j2C" SENSOR

.71
Hsve

WINDSHIELD
TEMPERATURE

SENSING

Aativx

WARNING

POWER

MNM

TEST SWITCHVIARC7/111
WARNING LIGHT

Ati9

OP2078

(a1 tTh
P/J2078

I I

WARNING LIGHT
TEST RELAY

52 P/J265

WINDSHIELD
TEMPERATURE
HIGH

Fill in the blanks to complete the following statements.

1. The temperature of the rain removal air (is/is not) controlled
automatically.

2. Excessively hot air would probably the windshield.
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Answers to Frame 13: 1. is nor 2. damage

Frame 14

The windshield temperature sensing element (also called the wind-
shield temp(-04re sensor) is mounted on the lower part of the windshield.
The sensing completes one leg of the temperature control unit
circuitry.

The temperature sensing element has a positive coefficient of
resistance. As the temperature increases, the resistance of the sensing
element also increases. When the windshield temperature reaches 260 °F,
the increase in sensor resistance creat-,..s an unbalanced condition in the
control unit and causes the WINDSHIELD TEMP HIGH warning light to come on.

The sketch shows the windshield temperature sensor. Also shown is
the relationship of the sensor to the other units in the windshield
temperature sensing circuit.

vAC
WINDSHIELD
If PAPENAT uRE

SENSING

,4/ MAC

*AWNING
!Gra

POWER

ze VDC

WINDSHIELD TEMPERATURE
SENS NG CONI^^L uNIT IHNDSH,EL0

TEMPERA uRE
P/J 201 ;1\10/J201 St ',SOP

AC 19

r
C

p/acmi

HAG

A

A-

HARIO AGH T WARNING LIGHT
TEST SWITCH 4

WARNING LIGHT
1 EST RELAY

J/P2OM

AC20

a P1,269

WINDSHIELD
TEMPERATURE
HIGH

Fill in the blanks to complete the following statements.

1. the windshield temperature sensing element senses the temperature

of the

2. The windshield temperature sensing element has a
coefficient of resistance.

3. When the windshield temperature decreases, the resistance of the

sensing element . (increases/decreases)
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Answers to Frame 14: 1. windshield 2. positive 3. decreases

Frame 15

The windshield temperature sensing control unit, shown below,
contains a magnetic amplifier, and a relay. The magnetic amplifier
requires 115 VAC to operate and allow current to flow through the relay
coil, energizing the relay. This keeps the relay contact open and the
WINDSHIELD TEE,' HIGH warning lilht off.

If there is a 115 VAC power loss to pin C of the windshield temp-
erature sensing control unit (due to an open wire or pulled circuit
breaker) the relay will deenergize. This closes the relay contacts,
completing the warning light circuit and turning ON the WINDSHIELD TEMP
HIGH warning light.

Should the windshield temperature reach 260°F or more, the signal
from the sensor will stop the magnetic amplifier from energizing the
relay. This closes the relay contacts, completing the warning light
circuit and turning on the WINDSHIELD TEMP HIGH warning light.
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Frame 16

When the windshield temperature reaches 260°F, the WINDSHIELD
TEMP HIGH warning light, comes on to warn the pilot of an overheat
condition. When this happens, the pilot must turn off the rain removal
system.

There is NO means for automatically controlling the rain removal
temperature. The pilot must control the temperature manually. The
windshield temperature warning system tells the pilot if the wind-
shield temperature is too hot.

The sketch below shogs the circuit with the warning light on
(temperature is above 260 F). Notice the path of current flow from
the warning light power circuit breaker to the light.

When the windshield temperature drops below 260°F, the windshield
temperature sensing control unit will energize the relay, stopping
current flow to the warning light.

.5 +AC
W, NDSNrtID
TEMPERATURE

SENSING

4/28vAC2\-
1.1/AWNING

LIGHT
POWER

WINDSHIELD TEMPERATURE
SENSING CONTROL UNIT WINOSNIEL D
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C Mr?). 71_______175
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I/ It.
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t-

HIGH
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Fill in the blanks to complete the following statements.

1. The rain removal temperature is controlled by the

h

2. The purpose of the windshield temperature overheat warning system

is to warn the pilot when the is above 260°F.

3. When the WINDSHIELD TEMP HIGH warning light comes on, the pilot

must turn off the
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Answers to Frame 16: 1. pilot 2. windshield temperature
3. rain removal system

Frame 17

A'warning light system is of no value unless we are sure if wiIi work
properly. The pilot can teIt the warning light system before eath flight
by using a'warning light test switch.

The sketch below shoWs the warning light test circuit used to tett
the WINDSHIELD TEMP HIGE warning light.

When the warning light test switch le-held in th'e test position,
current can from the warning light control circuit breaker through
the--teat switch and on to the-warning light control unit. This energizes
a relay the control unit. With the-relay energized, current flows-
from the warning light powe circuit breaker, through- tha-relay contacts
and on to the light. ,r

Bolding the-Warning light test switch to th( test position, the'
pilot knows-p-wer is available and-the bulb is-working properly if-the-
warning light comes ow. If th* light 4oes not- com6 on, fi'>indicates a
burned out light bulb, or a loss of 14/28 VAC power.

The warning light test switch illustrated, shows testing of only one
light. On the actual aircraft, this switch will test several warning
light systems.
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Il 1 ,_
;

J
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HI

1-3,_
HIGH

WINDSHIELD

Fill in the blanks to complete the following statements.

1. The warning light test relay is used for the warning
light system.

2. When the warning light test relay is energized, the WINDSHIELD TEMP

HIGH warning light is (on/off)
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Answers to Frame 17: 1. testing 2. on

Frame 18

Match the units listed in cclumn "B" with the statements given in
column "A" by placing the lett,,r from column "B" in the blinks provided.

COLUMN A

1. Allows the water to drain out
when the system is off.

2. Senses the temperature of the
windshield.

3. Controls the flow of partially
cooled air from the heat
exchanger.

4. Contains a magnetic amplifier
and a relay which turns on the
warning light

5. Controls the hot bleed air
going to the rain removal
nozzle.

6. Used to reduce the pressure
of the bleed air for both air
conditioning and rain removal
to 40 psi.

7. Warns the pilot that the wind-_
shteld temperature is too high.

8. Is an air actuated, solenoid
controlled valve.

9. This valve is held open by a
spring, and closed by air
pressure.

22
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COLUMN B

A. Rain removal bypass valve

B. Low pressure solenoid

C. Windshield temperature
sensing control unit

D. Rain removal duct drain
valve

E. Windshield temperature
sensor

F. Pressure regulator and
shutoff valve

G. Rain removal valve

H. Windshield Temp High
warning light



Answers to Frame 18: 1. D 2. E 3. G 4. C 5. A 6. B
7. H 8. F 9. D

Frame 19

SUMMARY

Th6 rain removal system, utilizing bleed air froth the cabin air
conditioning system, keept the windshield clear when flying for rain by
blowing hot air over the windshield. This breaks ug particles ape-diverts
them over the glass.

When the pilot runs into rein he has to turn ad the rain removal
Gswiteb. This will energize the low pressure solenoid, and-open the rain
removal valve' and the rain removal bypass valve. The rain removal bypass
valve supplies hot bleed air to-the raip removal nozzle. This mixture ot
partially cooled and hot bleed air goes over the windshield to keep
the rain off the windshield. If the temperature on the'windshield sensor
reaches 260 °F or-above, jleirelay inside the-windshield temperature
sensing control unit wtil deenergize and turn on'thd-WINDSHIELD TEMf-HIN
warning light: When thee light-comes on; the- pilot will have to-manually
turrrofrtbe rain removal system tIprevent damage of-the-windshield.
Whep- the rain removal swita7is'placeeiw-the-OFIrPosition, ther-raier
removal bypass valve'wilYeloserfirst, and-thee tbe-raie-removal valve'
wilt close. Once the valves are closed and the temperature drops below
260 °F. the relay will energize and turn the light off. When the light
has gone off, the pilot can turn the rain removal switch back to the ON
position if need be.

Fill in the blanks to complete the following statements.

1. The rain removal nozzle directs air over the

2. The partially cooled air used for rain removal is cooled by the

of the cabin refrigeration mat heat exchanger.

3. When the rain removal system is ON, the low pressure solenoid is

(energized/deenergized)

4. The lain removal valve is actuated by a

5. The air flowing to the rain removal nozzle is a mixture of

air and air.

6. The rain removal duct drain valve is opened by a

7. When the rain removal switch is turned ON, the valve that opens first

is the

8. The rain removal valve closes only after the rain removal bypass is

fully

9. The windshield temperature sensor has a coefficient of
resistance.
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Answers to Frame 19:

1. windshield

2. primary section

3. energized

4. 28 VDC motor

5. partially cooled, hot bleed

6. spring

7. rain removal valve

8. closed

9. positive

24
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Environmental/Pneudraulic Branch
Chanute AFB, Illinois C3ABR42331-WB-203B

WINDSHIELD TEMPERATURE CONTROL CIRCUIT
FUNCTIONAL TEST PROCEDURES

OBJECTIVE

Given functional test procedures for the windshield temperature
control unit circuitry, the power bench with UNIT-B, and related test
equipment, perform a functional test and record the correct procedure
number and the remedy for abnormal indication for 2 given problems.

EQUIPMENT

Power Bench P/N 18-79-4534
Power Bench Unit B
Multimeter P/N AN/PSM-37
Decade Box

PROCEDURE

Caution: Remove watches, rings, bracelets, etc. before starting
to work on the equipment. You will NOT, at anytime, turn ON any
of the three power switches found on the right side of the power
bench. ONLY the instructor will operate these three power
switches. See figure 4. If you can't find these three power
switches on the power bench, see ;our instructor at this time.

Note: Do NOT make any electrical connections until instructed to
do so by the workbook or the instructor. Do NOT mix your leads,
cables, etc. with your neighbor's equipment. When you leave your
work area for any reason (break, etc.) make sure you do the
following procedures before you leave:

1. Insure you have complied with all the instructions given by
your instructor.

2. Insure your equipment is properly stored and secured before
leaving the area. This includes:

a. Multimeter.

b. Decade (if it is not electrically connected to your work).

c. Anything else the instructor may have instructed you to do.

3. When you return from your break, take the same equipment from
the storage areas and go back to work.

Supersedes ST C3ABR42331-WB-203B, 22 March 1984.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 500; DAV - 1
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4. If there is anything you do not understand about the procedures
before, during, or after break, be sure you ask your instructor.

5. Iasure the power is turnrd OFF on your unit. If you are in
question about the power, ask you instructor NOW! See figure 5.

Read and study the following definitions at tais time.

DEFINITIONS

PROCEDURE - A series of steps which must follow in a regular definite
order. This is requ!:ed in order to achieve the objective.

NORMAL INDICATION - This is an indication which usually results from
aoing the correct procedure.

REMEDY FOR ABNORMAL INDICATION - A way to correct the abnormal indication.

WINDSHIELD AREA - Tnis is the area on the aircraft around the windshield
where the windshield temperature sensor is found. On the simulator
aircraft, UNIT-B, there is a simulated Windshield Temperature
Sensor. This is found in the top left hand corner under windshield
area, where the black raised area is. See figure 5.

SIMULATION - This is wr -ten on the simulated aircraft in the top right
hand corner of UNIT-B panel. This has a switch to allow the air-
craft circuit to be programmed with either the aircraft's sensor
or simulated sensor (Rheostat). The simulated position allows you
to change the resistance as needed with a rheostat. The sensor
position does not allow the use of the rheostat that you used when
you had it in , simulated position. It does however use the
internal resistance of Oe sensor circuit. See figure 5.

WINDSHIELD TEMP HIGH WARNING LIGHT - This is the light found in the
lower left corner of the simulated aircraft (UNIT-B) which tells
if an overheat condition exists. It is also called 'Light,"
"Caution Light," or "Windshield Temp High Warning Light," and is
found in the cockpit of the actual aircraft. See figure 5. HIGH
is the same as HI.

- Same as "WSHLD TEMP HIGH"

- Same as "WINDSHIELD TEMP HI"

COCKPIT AREA - This is the area of UNIT-B which you would find similar
to the actual aircraft. The panel given on UNIT-B has all the control
devices needed fo the circuit as found on an actual aircraft.
(Simulation area is not found in the cockpit.) See figure 1.

WINDSHIELD TEMPERATURE SENSING CONTROL UNIT - It is found in the ..,,ckpit

under the control panel of the real aircraft. On the simulated air-
craft, (UNIT-B) it is found at the bottom of the cockpit area panel.
It is for the WINDSHIELD TEMP HIGH CIRCUIT as you have studied in
past material. See EL,:ure 5.

3
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RELAY - It is below the cockpit area panel in UNIT-B. Its purpose is to
test the WINDSHIELD TEMP HIGH light, NOT the automatic temperature
circuit. See figure 5.

STEP NUMBER - In this workbook, step number and procedure are the same.

DIAGRAM 1 - This diagram is for your own use, unless otherwise instructed.

WINDSHIELD TEMPERATURE SENSING ELEMENT - Same as: "Temperature Sensor"

"Windshield Temperature Sensor"

"Sensor" in this workbook

UNIT-B - Fighter aircraft windshield temperature sensing control and
sensing circuits.

- Windshield temperature control unit circuitry.

- Simulated aircraft.

Before you start with the following exercises be sure-, that you

completely understand the past PTs and Wha of the rain removal system
and circuits. If you have any questions about the system, see your
instructor at this time and DON'T go to the next paragraph. If you
know and understand the material on the rain removal system up to thin
point, you may progress.

In this workbook you will find checkout procedures which are similar
to what you will be using on the flight line. Checkout procedures on
the flight line are provided for use during established inspection
periods or for performing troubleshooting. The items to be checked and
scheduled frequencies for these checks are established by applicable
inspection requirements manuals. Perform the procedures only in the
sequence as outlined and given in this workbook or, if on the flight
line, as the aircraft manual requires.

You may refer to the rain removal wiring diagram as you see fit
during this workbook. It is found on page 34, diagram 1, at the back
of this workbook. You will not be allowed to use the diagram during
any evaluation, unless the evaluation instructions say you can.

If at any time in this workbook the instructor's initials are
required, you will stop and ask the instructor for his/her initials.

From your past studies of the rain removal system on the fighter
aircraft you should recall the following:

1. A caution light called WINDSHIELD TEMP HIGH is used to inform
the pilot of an overheat condition on the windshield.

2. The caution light is in the vindshield overheat circuitry and
is controlled by the windshield temperature sensing control unit.

4
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3. During NORMAL operation, the windshield high light will remain
OFF. When a critical temperature period of 260°F or more is reached,
the light will come on.

4. Power of 115 VAC is supplied to the amplifier in the tempera-
ture control unit.

5. The amplifier will NORMALLY keep the windshield temp sensing
control relay energized as long as the sensor circuit resistance is low
and within the shaded area shown in the graph in figure 9.

6. Low voltage 28 VAC power is supplied to the relays contacts
in the windshield temperature sensing control unit. This relay controls
low voltage 28 VAC power to the caution light.

7. When the temperature of the windshield rises to a critical
temperature of over 260 degrees, the relay in the windshield temperature
sensing control unit deenergizes, illuminating the warning light.

8. During normal temperature operation of the system, the relay
in the windshield temperature sensing control unit is energized.

In figure 1 you will find a picture of UNIT-B. This is not a tester.
It will be called a simulated aircraft because in it you find the fighter
aircraft windshield temperature sensing control and sensing circuits. On

each side of the cockpit area of UNIT-B, you will also find a storage
area for the necessary wiring needed for this workbook. See figure 1.

You will find the left storage area and TEST CABLE shown in figure 1.
The test cable has a box added to it which is not found on the flight line
test cable. This is shown in figures 2 and 3. The box provides ABNORMAL/
')RMAL indication switches (trouble switches used to simulate problems).

On the flight line, your shop will make their own test cable as
shown in figure 2. Figure 2 is taken from the trcraft manual for you
to examine. Note that figure 2, L.eSt cable does .3T have the box as
the test cable used in the school does, shown in figure 3.

You must remember, UNIT-B is NOT a tester, it is a simulated aircraft
for only the fighter aircraft windshield temperature sensing control and
sensing circuits. Remember it is NOT a tester. Only the test cable,
decade and multimeter may be considered by some to be in the same family
as testers. This is because they are used to checkout the functioning
of the circuits.

If you have any questions about the past materials, see your
instructor at this time. If you don't have any questions, go to the

next page.



PREPARATION

Note: DO NOT make any connections unless instructed to do so.

1. Insure you have complied with all safety requirements found in
the beginning of this workbook, posted in the lab, and given by your
instructor.

2. At the power bench, remove UNIT-B from one of the two cabinets
in front of you. (See figure 4.) If they are locked or you have
difficulty with them see your instructor at this time.

3. Place UNIT-B in front of you on the power bench (see figure 4).

4. Remove the lid from UNIT-B using the 4 latches and leave wires
in UNIT-B until instructed to remove them.

5. Place the lid back in the cabinet (see figure 4).

6. Make sure the two power switches on UNIT-B (simulated aircraft)
are OFF (see figure 5).

7. Insure the AC and DC power cables are connected to the power
bench outlets in front of you under the cabinets (see figure 4). The
power cables for the simulaced aircraft are in the right storage area
of UNIT-B.

8. Insure the simulated/sensor switch has the red cover down
(see figure 5).

9. Leave the test cable with abnormal indication panel in place
as shown in figure 1 on the left storage compartment.

10. Leave the RED Lind BLACK leads for the decade in place as
shown in figure 1 on the right storage compartment.

If you don't have any questions at this time go on to Exercise 1.

If you don't have enough time to finish your workbook by lunch
time or the end of the day, proceed to storage steps on page 18.

6
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Exercise 1

WINDSHIELD TEMPERATURE SENSING CONTROL UNIT SYSTEM CHECK

You must have:

TOOLS AND EQUIPMENT

Power Bench with UNIT-B

Lead Pencil (No ink)

Do NOT progress in this exercise until the PREPARATION is completed

on page 6.

Looking at the next page you will find 3 columns titled as follows:

1. PROCEDURE

2. NORMAL INDICATION

3. REMEDY FOR ABNORMAL INDICATION

See the definitions for the above on page 3.

If you find that a normal indication is provided in the column,
but the indication resulting from the procedure is abnormal and there
isn't a remedy provided for an abnormal indication, STOP and see your

instructor.

Go to the next page.

7
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WINDSHIELD TEMPERATURE SENSING CONTROL UNIT SYSTLM CHECK

PROCEDURE NORMAL INDICATION
REMEDY FOR ABNORMAL
INDICATION

1. Insure the two aircraft
power switches are OFF,
located on UNIT-B, the
simulated acft.

2. Insure the plug on the
simulated aircraft is
pr ')perly connected to

the windshield tempera-
ture sensing control
unit.

3. Insure the three
circuit breakers are
pushed in on UNIT-B

All red lights out
on simulated acft
(UNIT-B)

As shown in figure 5

Circuit breakers should
stay in.

Note: At this time the instructor will insure the power switches on
the right side of the power bench are set as required. Students
will NOT turn these switches on!

4. Turn on the two power
switches for AC and DC
on the simulated acft.

5. Briefly hold the warning
light test switch in
test position. (See

figure 5.)

The following RED light
should come on:

28 VDC

115 VAC

28 VAC

WINDSHIELD TEMP HIGH
comes on during the
holding period of
the switch.

Note: The following steps make use of the SIMULATION area on
UNIT-B. The simulated/sensor switch and rheostat for resistance
changes with simulating temperature change are installed here only
for training. They allow you to change resistance when you mentally
simulate a temperature change. You will NOT find these on the
actual aircraft on the flight line or in any of the rain removal
systems wiring diagrams. The simulation switch when placed to
simulation takes the Windshield Temperature Sensor out of the
circuit and in its place puts the rheostat for simulation. (See

figure 5.)

8
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WINDSHIELD TEMPERATURE SENSING CONTROL UNIT SYSTEM CHECK (Coned)

PROCEDURE NORMAL INDICATION
REMEDY FOR ABNORMAL
INDICATION

6. Place the simulated/
sensor switch to
simulate. (Raise the
red cover first.)

7. Rotate the rheostat
clockwise to increase
resistance with the
simulated increase
in temp.

8. Rotate the rehostat
counterclockwise to
reduce resistance
just far enough to
turn OFF the
Windshield Temp
High light.

9. Continue to rotate
the simulated sensor
counterclockwise until
the Windshield Temp
High light comes on.

10. Place the simulated/
windshield switch to
sensor (red cover down).

11. Insure the two aircraft
power switches are OFF.
(Located on UNIT-B of
the simulated acft.)

WINDSHIELD TEMP HIGH
may OR may not come on.

WINDSHIELD TEMP HIGH
light will come on at
about 260° and 174 ohms.
Do NOT measure these
values.

The Windshield Temp
light goes out at
260°F and 174 ohms.
Do NOT measure these
values.

Light comes on at about
70 ohms. Do NOT measure
this value.

Windshield Temp High
light may or may not
be out.

All red lights out on
simulated aircraft
(UNIT-B).

If you want to do the above again, you may at this time.

GO TO THE NEXT PAGE
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You have just completed the system check of the rain removal Warning
Light Test when using the Warning Light Test switch. You have also just
simulated high and low temperatures and then manually changed resistance
with the rheostat so you could see the Windshield Temp High light come on
and go OFF.

You must remember UNIT-B is NOT a tester. Later you will connect a
test cable to the circuit and also use a decade box and/or multimeter to
test the electrical quality and adjustment of this simulated aircraft.

You must remember that the simulated/sensor switch and the rheostat
are not part of the real aircraft electrical circuit and you will not
find them in the electrical wiring diagrams. They are for school use
only, and you will not use them unless instructed by the instructor to
do so in the remainder of the workbook.

If you should have any questions or don't understand something so
far, see your instructor at this time.

Remember from your past training that the test switch does not
check the sensor or the windshield temperature sensor control unit,
but only the windshield temp high light.

After completing Exercise 1, progress on to Exercise 2.

10



Exercise 2

WINDSHIELD TEMPERATURE SENSOR FUNCTIONAL TEST

This procedure provides a detailed electrical check of the
temperature sensor. You must have:

TOOLS AND EQUIPMENT

Power Bench with UNIT-B

Multimeter

Lead Pencil (No ink)

If you have done the storage steps on page 18 after Exercise 1,
you must complete the preparation steps again on page 6 before beginning
Exercise 2;

OR

If the storage steps were NOT done between Exercise 1 and 2, you
should progress to Exercise 2;

OR

If you have just started the performance exercise or test, insure the
preparation steps on page 6 are completed before beginning Exercise 2.

GO TO NEXT PAGE
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WINDSHIELD TEMPERATURE SENSOR FUNCTIONAL TEST

PROCEDURE NORMAL INDICATION
REMEDY FOR ABNORMAL
INDICATION

1. Insure the two aircraft
power switches are OFF,
located on UNIT-B of
the simulated acft.

2. Insure the nine switches
on the abnormal indica-
tion box are in normal.

3. Insure the plug is
disconnected from the
Windshield Temperature
Sensing Control Unit, or
as connected in step 4.

4. Connect the cable with
the abnormal indication
box between the Wind-
Shield Temperature
Sensing Control Unit and
the aircraft wiring.

5. Connect a multimeter to
TP-1 and TP-2 and
measure the sensor
resistance and record th
reading

All red lights out on
the simulated aircraft
UNIT-B.

See figures 5 and 6.

See figure 6.

Note: Disregard steps
2 -4 when you are on

your practice problems
or progress check.

See figure 7.

Note: Insure Simulated/Sensor switch is in Sensor position with
RED cover DOWN for step 5.

Note: The two plastic covers on the end of the test cable must be
stored in left storage area.

6. Using the areas ambient
temperature provided by
your instructor (or
found on the bench in
front of you) and
resistance you recorded
above, plot this
information on the graph
in figure 9.

Resistance within
tolerance shown.
(This is the shaded
area on the graph.)

a. If HIGH resistance,
replace windshield
temp sensor.

b. If OPEN, replace
windshield temp
sensor.

c. If LOW resistance,
replace wir.'shield

temp sensor.

d. If SHORT, replace
windshield temp
sensor.

If you want to do the above again you may at this time.

GO TO THE NEXT PAGE
12
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You have just completed the Windshield Temperature Sensor Functional
Test. This procedure provides a detailed electrical check of the
temperature sensor only. It does not have anything to do with the rest
of the circuit (which turns the Windshield Temp High light on or off).

If you should have any questions or don't understand something so
far, see your instructor at this time.

13
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Exercise 3

WINDSHIELD TEMPERATURE SENSING CONTROL UNIT FUNCTIONAL TEST

This procedure provides a detailed check of the electrical integrity
and adjustment of the temperature sensing control unit. You must have:

TOOLS AND EQUIPMENT

Power Bench with UNIT-B

Decade

Lead Pencil (No ink)

Note: The multimeter is required for the Performance Exercise.
Be sure that you have the multimeter disconnected from TP-1 and
TP-2.

If you have done the storage steps after Exercise 2, you must
complete the preparation steps on page 15, step 1, again before

beginning Exercise 3;

OR

If the storage steps were not done between Exercise 2 and 3,
you should progress to Exercise step 8.

14
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Exercise 3

WINDSHIELD TEMPERATURE SENSING CONTROL UNIT FUNCTIONAL TEST

PROCEDURE iNORMAL INDICATION

1. Insure the two aircraft
power switches are OFF
on the simulated aircraft

2. Insure the AC and DC
power cables from the
simulated aircraft are
connected to the power
bench shelf in front
of you. See figure 4.

3. Insure the 3 circuit
breakers are pushed in
on simulated acft.

4. Insure the Sensor
Simulated switch is in
the sensor position
with RED cover down.
See figure 5.

5. Place the nine switches
on the abnormal indica-
tion box to normal.

6. Insure the plug is dis-
connected from the Wind-
shield Temperature
Sensing Control Unit,
or as connected in
Step 7.

7. Insure the cable with
the abnormal indication
box is connected between
the Windshield Tempera-
ture Sensing Control
Unit and acft wiring.

8. Connect Simulated Sensor
Decade 1 to the banana
jacks at TP-3 and TP-4,
which are the green
jacks of the abnormal
indication box.

All RED lights out on
simulated acft UNIT-B
figure 5.

See figure 5.

Circuit breakers should
stay in.

RED cover down.

As shown in figure 6.

See figures 5 and 6.

As shown in figure 6.

See figure 8.
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PROCEDURE NORMAL INDICATION
REMEDY FOR ABNORMAL
INDICATION

9. Only after the instruc-
tor has initialed
above, turn on the two
power switches on the
simulated aircraft.

10. With only the 115 VAC
circuit breaker pulled
out, set decade 1 to
71 ohms.

Four lights come on for
28 VDC Figure 5

115 VAC

28 VAC

Windshield temp high
light

Windshield Temp High
light on. Figure 5.

Replace Windshield
Temperature Sensing
Control Unit.

Pulling out the circuit breaker cuts off 115 VAC power to the
amplifier in the Windshield Temperature Sensing Unit. The relay in this
control unit becomes deenergized and the contacts come together causing
the Windshield Temp High light to come on. Study Diagram 1.

11. Set (push in) Wind-
shield Sensing circuit
breaker, 115 VAC.

12. Set resistance (decade)
to 170 ohms

Windshield Temp High
light goes out.

Light remains out.

Replace Windshield
Temperature Sensing
Control Unit.

Replace Windshield
Temperature Sensing
Control Unit.

Note: Throughout this workout, when the remedy for abnormal indi-
cation requires any kind of adjustments to resolve the abnormal
indication you will NOT make the adjustment.

13. Slowly increase resist-
ance (decade) in one (1)
ohm increments, until
Wshld Temp High light
comes on. Record
resistance ohms.

14. Increase resistance to
200 ohms.

Light comes on at
172.5 to 175.5 ohms.

Light remains on.

Calibration (adjust-
ment) required of
Windshield Tempera-
ture Control Unit.

Replace Windshield
Tempefature Sensing
Control Unit.

The next step ma require resistance on the decade to be reduced to
tenths to find the correct value.

15. Decrease resistance
slowly until Wshld Temp
High light goes out.
Record resistance

ohms.

Resistance not less
than 1.5 ohms or more
than 25 ohms below the
resistance that light
comes on in step 13.

16 1574
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PROCEDURE NORMAL INDICATION
REMEDY FOR ABNORMAL
INDICATION

Note: If you hear a hum, it is from the relay in the Windshield
Temperature Sensing Control Unit and is due to inherent character-
istics of the relay.

16. Set resistance to
80 ohms.

17. Decrease resistance in
one ohm increments
until Wshld Temp sigh
light comes ON.

18. Increase resistance.

19 Set resistance at
80 ohms.

20. Break resistance
circuit. See Note 1.

21. Make resistance
circuit. See Note 2.

Light comes on at 30
to 70 ohms and remains
on at all values less
than 3.. ohms.

Light goes out at 30
to 70 ohms.

Light goes out

Light goes on.

Light goes out.

Replace Windshield
Temperature Sensing
Can 'ol Unit.

Re, ace Windshield

Temperature Sensing
Control Unit.

If light does not
opf.trate per steps

19, 20, and 21 as
specified, remove
dust caps from R4
and/or R7 adjust-
sent controls ca
the control unit.
Adjust R4 and/or
R7 va warning light
comes on at a resist-
ance setting of 172.5
to 175.5 ohms. Repeat
steps 10-21. If test
still fails, replace
temperature sensing
control unit.

"Ate 1: Break resistance means to replace an open in the simulated
sensor decack: 1 circuit. This can be done by removing one lead from
the decade.

Note 2: This means to put the resistance back in the circuit. This
must be done by placing the lead(s) back in the decade.

22. Turn OFF the two power
switches on the
simulate. aircraft.
See figure 5.

Three lights go
out for
28 VDC
115 VAC
28 VAC

Note: You may go back and redo or study the past material in this
workbook at this time before you progress. If you don't understand
or have any questions, now is the time to 6se your ititructor.

17
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See Your Instructor

STORAGE PROCEDURE

1. Insure the two power switches are
aircraft and the three red lights shr,uld be

2. Insure the AC and DC power cables
the power bench outlets in front of you and
unit's storage area. See figure 1.

OFF on the simulated
out.

are disconnected from
place the cables in the

3. Insure the simulated/sensor switch has the red cover down.

4. Insure the test cable with the abnormal indication panel is
disconnected from the simulated aircraft and stored on the left side
of UNIT-B with switches to notnal and with plastic covers installed
on plugs. See figure 1.

5. Insure the aircraft plug to the windshield temperature
sensing control unit is connected. See figure 5.

6. Insure the red and black leads for the decade are stored,
as in figure 1.

7. Have your instructor inspect your work at this time before
you place the lid on the unit.

8. Install lid.

9. Place UNIT-B in storage cabinet.

10. Insure multimeter and/or decade is in its proper storage.

11. Clean your work area as needed.

12. Turn in this complete workbook to the instructor and wait
for additional instructions.

18
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PRACTICE EXERCISE

This is your practice exercise (practice work). You are required to
complete at least the first three assigned problems. In addition, you
MAY also be required to complete some or all of the additional three
problems. These additional problems are only required if the instructor
determines you need additional practice. During the practice exercise
you may ask any question you wish within reason. The instructor will
always reserve the right on how or if to respond to your question(s).

The student will not I, allowed to progress on to the progress
check unless E.11 the assigned practice exercises (practice work) are
completed. The instructor will determine if your assigned practice
exercise is completed and also when you are to progress to the progress
check.

At this time go back and reread the objective in front of this work-
book. If you .lave any questions about it, see your instructor now. If

you don't have any questions with any of the past material and think you
understand it, proceed with the following:

Note: During the practice exercise, if you have anything you
don't understand, inform your instructor, or if you have any
questions during the exercise, that's the time to ask.

To start, place switch 1, on the Normal/abnormal inacation box, to the
Abnormal position. The following will take you through the general procedures
on how to perform the practice exercise. Be sure you use this time wisely
because you must be able to use the general knowledge you gain here to do
the progress check and pass it.

Insure your preparation is complete and be sure your Normal/Abnormal
switch remains in the Abnormal position until the problem you have been
assigned is complete.

For each Abnormal/Normal switch placed to the Abnormal position you must
do the following:

Exercise 2 - WINDSHIELD TEMPERATURE SENSOR FUNCTIONAL TEST
AND AS NEEDED

Exercise 3 - WINDSHIELD TEMPERATURE SENSING CONTROL UNIT FUCNTIONAL TEST

Note: Remember it says, "AND AS NEEDED," above and that means since
you start with Exercise 2 for each switch used you may or may not need
to do Exercise 3 to find what the objective requires .

Note: The reason Exercise 1 is not used at this time is because Exercise 1
was used to familiarize you with the operation of the windshield
temperature sensing control unit.

Insure that you have switch 1 to the abnormal position and start Exercise
1 on page 11. After completion of Exercise 2 you should have found that the
sensor reading was incorrect.

GO ON TO THE NEXT PAGE
19
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Place the number 6 on the worksheet on page 21 under the Column,
Record the Procedure or Step Number. This is the step that something
malfunctioned.

Now write very neatly in lead pencil the Remedy for Abnormal Indicatioi
on page 21 under the Column, Record Remedy for Abnormal Indication.

You should hay, written "high resistance replace windshield temp
sensor."

This is what you must do to record the information required by the
objective.

Now stop and have the instructor initial before you proceed. The
instructor reservLs the right at this time and any other time to question
you about the material, inform you, etc. The instructor will now assign
additional practice problems.

After you have done the two practice problems on page 21, be sure you
let your instructor check your work.

20
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PRACTICE EXERCISE WORKSHEET GROUP

PROBLEM

NORMAL/ABNORMAL
INDICATION SW.
NUMBER

RECORD THE
PROCEDURE OR
STEP NUMBER RECORD REMEDY FOR ABNORMAL INDICATION

1

STOP FOR INSTRUCTOR'S INITIALS TO PROCEED

2

3

STOP FOR INSTRUCTOR'S INITIALS
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ADDITIONAL

PRACTICE EXERCISE WORKSHEET GROUP

PROBLEM

NORMAL/ABNORMAL
INDICATION SW.
NUMBER

RECORD ThE
PROCEDURE OR
STEP NUMBER RECORD REMEDY FOR ABNORMAL INDICATION

4

STOP FOR INSTRUCTOR'S INITIALS TO PROCEED

5

STOP FOR INSTRUCTOR'S INITIALS TO PROCEED

6

STOP FOR INSTRUCTOR'S INITIALS TO PROCEED

22
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PROGRESS CHECK

INSTRUCTIONS

Read the objective below:

OBJECTIVE

Given functional test procedures for the windshield temperature
control unit circuitry, a power bench with UNIT-B, and related test
equipment, perform a functional test and record the correct procedure
number and the remedy for abnormal indication for 2 given problems.

If you have any questions about the objective, see your instructor
at this time.

This progress check will require you to correctly record 2 step
numbers with the abnormal indication from the functional test which
prevent the windshield temperature control unit or windshield temperature
sensor from passing the functional test. This should be accomplished
by using Exercises 2 and 3 in much the same manner as the practice
exercises (practice problems). The instructor will check your work as
required. If you miss ANY PART of either problem given, you will fail.
Then follow the instructions given you by your instructor.

You will not communicate (talk, etc.) with other students during
the progress check without your instructor's permission. You will not
use fellow student's work to solve the problems in the progress check.
If you do communicate with other students without permission, the
instructor may assume you are cheating and may fail you even though you
may have not completed the work.

You will not have in your possession during this progress check
any notes or other literature relating to this lesson without permission
from your instructor. If you have any questions, now is the time to ask
your instructor. After you start this progress check and you do ask a
question, your instructor does not have to answer it.

Insure you have complied with all safety standards during the
progress check. If you fail to follow the safety standards, the
instructor may fail you on this progress check even though you have
not finished. Insure you have a power bench with UNIT-B, multimeter,
aircraft windshield temperature sensing control and sensing circuit.
Do not start the progress check until told to do so by the instructor.

Have your instructor write the numbers for the Normal/Abnormal
Indication Switch Numbers on page 24 of the progress check worksheet.

If you don't have any questions, ask your instructor to initial
below for you to start your progress check.

23
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PROGRESS CHECK WORKSHEET GROUP

PROBLEM

NORMAL/ABNORMAL
INDICATION SW.
NUMBER

RECORD THE
PROCEDURE OR
STEP NUMBER RECORD REMEDY FOR ABNORMAL INDICATION

1

2

After completing the above you will follow the instructions below
and also have the instructor check your answers.

Student will turn in workbook to the instructor. The instructor

will determine what pages to give the student.

24
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Explanation of Figure 3

At the top of figure 3 you will find it states "TEST CABLE."
Note it is between the simulated aircraft wiring plug at "Point A"
and "Point B" at the control unit. The center of the cablea wiring
goes to the malfunction UNIT-B. Point B is where the test cable P2
female plug and the windshield temperature sensing control unit
junction Jl connection. Point A is where the test cable male plug
(P3) connects to the aircraft wiring (P1) female plug which was removed
from the control unit J1.

Shown in the figure is a decade and multimeter. The decade when
attached is used to simulate the decade resistance for test purpose.
The multimeter when attached is used only to measure the resistance of
the aircraft sensor.

Note: The decade and multimeter are NOT attached to the malfunction
UNIT-B at this time.

Because the multimeter and decade is used for the sensor resistive
circuit it doesn't make any difference which way red and black leads are
connected to the yellow or green contacts on the malfunction UNIT-B.

At the bottom of the figure 3 is the simulated aircraft wiring.
Its male plug is connected to the temperature sensing control unit as
found without the test cable attached. This ie the way it would be
for normal flight.

The letter "P" - Means plug which may be either female or male,
for this system.

The letter "J" - Means junction which receives the plug "P."

27
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relate 9 out of 11) components of the rain removal system to their

operation.

INTRODUCTION

The Rain removal system is one au,iliary system that is of highest

priority. Have you ever driven without windshield wipers? Needless to say

you can understand its importance. This study guide is to acquaint you with

the system and the components.

supersedes C1A13R42311-SG-203, 20 March 1984.
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The purpose of the rain removal system is similar to the purpose of

the windshield wipers on an automobile. The system keeps the windshield

clear of rain. This is done by blowing a mixture of hot and partially
cooled air over the windshield. The air will break up the rain part3,-les

and turn them away from the windshield.

During this lesson you will be studying the system used on a fighter

type aircraft. In the system the air for the rain removal is discharged

through a nozzle (outlet). The nozzle is put at the base of the wind-

shield. Notice the rain removal nozzle location below.



The air for the rain removal syster is "tapped" from the cabin

air conditioning system.

The partially cooled air is drawn from the primary section of the
refrigeration unit heat exchanger. The hot bleed air is drawn from the
unit's hot bleed air duct.

The dark lines in the sketch show the rain removal system. Note the

large d'ict that carries the partially cooled air from the heat exchanger.
The smaller duct takes the hot air from the refrigeration unit hot bleed

air duct.
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o
Remember the fighter cabin air conditioning system? Air flow through

the cabin refrigeration unit is rer,ulated by he bleed air pressure regulator
and shutoff valve. This valve regulates the air pressure for both the
cabin air conditioning system and the rain removal system.

Trace the airflow on the sketch below. Start at the point marked
FROM BLEED AIR SYSTEM. Follow the arrows through the bleed air pressure
regulator and shutoff valve.

Note the first tapoff, POINT A, going to the rain removal system. This
is the hot bleed air tapoff.

Continue to follow the arrows through the primary section of the heat
exchanger and note the second tapoff, POINT B, going to the rain removal
system. This is the partially cooled air tapoff.
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The bleed air pressure regulator a-Ja shutoff valve is a solenoid
controlled, pneumatically (air) actuated valve. This valve has two
solenoids: The main solenoid (A) and a low pressure rolenoid (B). Both
solenoids use 28 VDC power

For normal cabin air conditioning operation, only the main solenoid
is energized. This regulates the pressure of the air conditioning system
to 62 psi. This will happen before the pilot turns the rain removal system
on.

When the rain removal system is turned on, the low pressure solenoid
will energize. This reduces the pressure of the bleed air (for both air
conditioning and rain rem, al)to 35-45 psi.With the rain removal system on,
both the main solenoid and the low pressure solenoid will be energized.

The bleed air for the rain removal system is tapped off downstream
(beyond-past) of the pressure regulator and shutoff valve. This valve
must be regulating (open) for rain removal operation.

1539
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The sketch on this page is a simplified schematic of the rain removal
system. The bleed air pressure regulator and shutoff valve and the heat
exchanger are actually part of the cabin refrigeration unit. These are
put in the system sketch. They are also related to the rain removal system
as explained in the previous frames.

The rain removal system consists of the following four components:

1. Rain removal valve

2. Rain removal bypass valve

3. Rain removal duct drain valve

4. Rain removal nozzle

Nctice each of these components in the system illustration below.
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The rain removal valve, shown below, controls the flow of partially
cooled bleed air from the heat exchanger to the rain removal nozzle.
This is a butterfly type valve.

When the rain removal switch is placed to the ON position, 28 VDC
power is directed to the rain removal valve motor. The valve then moves
to the open position. This allows the partially cooled bleed air to
flow through the valve and on to the nozzle.

NOTE: 1. The motor actuates the valve

2. Opening of the rain removal valve is controlled by the
rain removal switch

3. Closing of the rain removal valve is controlled by the
rain removal bypass valve limit switch
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The rain removal bypass valve, shown below, controls the hot bleed
air going to the rain removal nozzle from the hot bleed air duct. This

is a butterfly type valve.

When the rain removal switch is placed to the ON position, 28 VDC
power is directed to the rain removal valve motor. After this valve is

fully open, a limit switch inside moves, opening the circuit within the
motor. Then the 28 VDC power is directed to the rain removal bypass

valve motor. The bypass valve then moves to the open position, allowing
hot bleed air to flow to the mixing point. At this point, hot bleed air
is mixed with the partially cooled air. The bypass valve increases the
volume and temperature of the rain removal air.

NOTE: 1. The motor actuates the valve.

2. Opening of the rain removal bypass valve is controlled
by the limit switch in the rain removal valve.

3. Closing of the rain removal bypass valve is controlled

by the rain removal switch.
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When the rain removal system '1 OFF, the rain removal duct drain
valve is held open a spring. This allows the drain valve to drain
water which accumu. ' while the aircraft was on the ground during
periods of preelpit...ion. The drain valve prevents water from being
sprayed over the wiadsLield when the rain removal system is turned on.

When the rem removal system is turned ON, air flowing through
the rain removal ducts forces the rain removal duct drain valve to close.
This also prevents a loss of air when the system is ON.

WATER

lti) J,3



The Llustration below shows the complete airflow system with the rain
removal switch in the ON position. A schematic of the electrical circuitry
is lso shown.

Trace the path for electrical current flow when the system is turned
ON. Current flows from the circuit 'breaker, through the rain removal
switch. From the switch current then flows to the low pressure solenoie
on to the bleed air pressure regulator and shutoff valve. This reduces
the air pressure going to the air conditioning system.

Current is also directed to the open winding of the rain removal
valve motor. This operates the rain removal valve to the open position.
When the valve reaches full open, it moves a limit switch to stop current
flow to the rain removal valve motor windings. This limit switch then
directs the current flow to the rain removal bypass valve motor. Current
then flows through the open windings of the r -'n removal bypass valve
motor, opening the valve. When the rain removal 1.,ypass valve reaches
the full open position, it moves a limit switch to stop current flow to
the rain removal bypass valve motor open windings which prevent the
valve from over travel.
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Since the rain removal valve opens first, the partially cooled air

will reach the rain removal nozzles first. Then the rain removal bypass

valve will open allowing the hot bleed air to mix with the partially

cooled air and flow on to the nozzles. The rain removal valves are

sequenced this way to prevent a rapid temperature increase of the wind-

shield, which could damage or distort the windshield.

The illustration below shows the ,complete airflow system With the rain

removal switch in the OFF position. A schematic of the electrical circuitry

is also shown.

With the switch in the OFF position, the circuit will open going to

the rain removal valve and the low pressure solenoid. This deenergizes

the low pressure solenoid and allows the pressure regulator and shutoff

valve tz, regulate pressure at 62 psi, for normal air conditioning.

Trace the path for electrical current flow when the system is turned

OFF. Current flows from the circuit breaker, to the rain removal switch.

From the switch current then flows to the close windings of the rain

removal bypass valve motor, closing the valve.
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When the valve reaches full closed, it moves a limit switch to stop
current flow to the rain removal bypass valve motor windings. This limit
switch then directs the current flow to the rain removal valve motor.
Current then flows through the close windings of the rain removal valve,
closing the valve. When dlr. rain removal valve reaches the full close
position, It moves a limit switch to stop current flow to the rain removal
valve motor close windings, which prevents the valve from over travel.

The rain removal system does not have a way to control the air tempera-
ture automatically. So should an overheat condition occur, the pilot must
turn the rain removal system off to rea , the temperature.

There is a system to warn the pilot when the windshield temperature
reaches 260 °F or above, where it could damage the windshield panel. This
is the windshield temperature overheat warning circuit.

The windshield temperature overheat warning circuit consists of the
following components:

1. Windshield Temperature Sensing Control Unit

2. Windshield Temperature (the warning light)

3. Windshield Temperature Fensor

Locate these components in the illustration shown below.
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The windshield temperature sensing element (also called the wind-
shield temperature sensor) is mounted on the lower part of the windshield.
The sensing element completes one leg of the temperature control unit
circuitry.

The temperature sensing element has a positive coefficient of
resistance. As the temperature increases, the resistance of the sensing
element also increases. When the windshield temperature reaches 260 °F,
the increase in sensor resistance creates an unbalanced condition in the
control unit and causes the WINDSHIELi) TEMP HIGH warning light to come on.

The sketch shows the windshield temperature sensor. Also shown is
the relationship of the sensor to the other units in the windshield
temperature sensing circuit.

IS vAC

WINDSHIELD
TEMPERATURE

SENSING

4/28vAC

*AWNING
LIGHT
POWER

29 voL

/X'N cr"-lb

AC19

WINDSHIELD TEMPERATURE
SE hStNG CONTROL uNIT

P/J 201

*405.1 L D
TEMPERA uRE

P/J201 SENSOR

P/a65

AC20 .1..
vINCISHIELO

C TEMPERATURE
HIGH

174

A/J;(7 TR

TEST SWITCH
I 1mAljg:4,?FteLHT WARNING LIGHT

:I t. '

WARNING LIGHT
TEST RELAY

BEST COPY AVAILABLE



The windshield temperature sensing control unit, shown below,
contains a magnetic amplifier, and a relay. The magnetic amplifier
requires 115 VAC to operate and allow current to flow through the relay
coil, energizing the relay. This keeps the relay contact open and the
WINDSHIELD TEMP HIGH warning light off.

If there is a 115 VAC power loss to pin C of the windshield temp-
erature sensing control unit (due to an open wire o. pulled circuit
breaker) the relay will deenergize. This closes the relay contacts,
completing the warning light circuit and turning ON the WINDSHIELD TEMP
HIGH warning light.

Should the windshield temperature reach 260°F or more, the signal
from the sensor will stop the magnetic amplifier from energizing the
relay. This closes the relay contacts, completing the warning light
circuit and turning on the WINDSHIELD TEMP 'UGH warning light.
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When the windshield temperature reaches 260°F, the WINDSHIELD
TEMP HIGH warning light, comes on to warn the pilot of an overheat
condition. When this happens, the pilot must turn off the rain removal
system.

There is NO means for automatically controlling the rain removal
temperature. The pilot must control the temperature manually. The
windshield temperature warning system tells the pilot if the wind-
shield temperature is too hot.

The sketch below shows the circuit with the warning light on
(temperature is above 260 F). Notice the path of current flow from
the warning light power circuit breaker to the light.

When the windshield temperature drops below 260°F, the windshield
temperature sensing control unit will energize the relay, stopping
current flow to the warning light.
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A warning light system is of no value unless we are sure it will work
properly. The pilot can test the warning light system before each flight
by using a warning light test switch.

The sketch below shows the warning light test circuit used to test
the WINDSHIELD TEMP HIGH warning light.

When the warning light test switch is held in the test position,
current can flow from the warning light control circuit breaker through
the teat switch and on to the warning light control unit. This energizes
a relay in the control unit. With the relay energized, current flows
from the warning light power circuit breaker, through the relay contacts
and on to the light.

By holding the warning light test switch to tin. test positior, the
pilot knows power is available and the bulb is working properly if the
warning light comes on. If the light does not come on, it indicates a
burned out light bulb, or a loss of 14/28 VAC power.

The warning light test switch illustrated, shows testing of only one
light. On the actual aircraft, this switch will test several warning
light systems.
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The rain removal systems, utilizing bleed air from the cabin air condition-
ing system, keeps the windshield clear when flying in rain by blowing hot air
over the windshield. This breaks up particles and diverts them over the glass.

When the pilot rims into rain he has to turn on the rain removal switch.
This will energize the low pressure solenoid, and open the rai removal valve
and the rain removal bypass valve. The rain removal bypass valve supplies hot
bleed air to the rain removal nozzle. This mixture of partially cooled and hot
bleed air goes over the windshield to keep the rain off the windshield. If the
temperature on the windshield sensor reaches 260°F or above, the relay inside
the windshield temperature sensing control urr'_t will deenergize and turn on
the WINDSHIELD TEMP HIGH warning light. When the comet; on, the pi]ot
will have to manually turn off the rain removal system to prevent damage of
the windshield. When the rain removal switch is placed to the OFF position,
the rain removal bypass valve will close first, and then the rain removal valve
will close. Once the valves are closed and the temperature drops below 260°F,
the relay will energize and turn the light off. When the light has gone off,
the pilot can turn the rain removal switch back to the ON position if need be.
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Coiplete the following statements.

1. The purpose of the rain removal system is to keep the clear of

rain.

2. The rain removal system blocs a mixture of and

bleed air over the windshield.

3. Wher the rain removal system is on, the pressure to the air conditioning system

( reduced / increased)

4. When the rain removal system is on, the low pressure solenoid is (energized/

deenergized)

5. The rain removal valve and rain remove] bypass valve are actuated by a

6. The hot bleed air going to the rain removal nozzle is controlled by the

valve.

7. The partially cooled blend air going to the rain removal nozzle is controlled by

the valve.

8. The rain removal duct drain valve is opened by a and closed by

9. The windshield temperature sensing element has a coefficient

of resistance.

10. The purpose of the windshield temperature overheat warning system is to warn the

pilot when the windshield temperature is above

Match the units listed in column "B" with the statements given in
column "A" by placing the letter from column "B" in the blanks provided.

COLUMN A COLUMN B

1. Allows the water to drain out
when the system is off.

A.

B.

Rain removal bypass valve

i,ow pressure solenoid
2. Senses the temperature of the

windshield. C. Windshield temperature
sensing control unit

'. Controls the flow of partially
cooled air from the heat
exchanger.

D. Rain removal duct drain
valve

4. Contain: a magnetic amplifier
and a relay which turns on the
warning light

E. Windshield temperature
sensor

F. Pressure regulator and
5. Controls the hot bleed air

going to the rain removal
shutoff valve

nozzle. G. Rain removal valve

6. Used to reduce the pressure
of the bleed air for both air
conditioning and rain removal
to 40 psi.

H. Windshield Temp High
warning light

7. Warns the pilot that the wind-
shield temperature is too high.

8. Is an air actuated, solenoid
controlled valve.

9. This valve is held open by a
spring, and closed by air
pressure. 4611
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RAIN REMOVAL SYSTEM WIRING DIAGRAM

OBJECTIVE

Using an electrical diagram, identify and record the causes for
given discrepancies achieving a minimum of 32 out of 40 total points.

EQUIPMENT

Color pencil sets

INSTRUCTIONS

Pay close attention to all directions that you are given in this text.
When you do such things as tracing or answering questions, if your response
is incorrect and/or you don't understand, restudy the information and/or check
with the instructor. At the end of this workbook, you will first be given
a performance exercise (practice problems). After the workbook is complete
with the assigned practice problems and the instructor determines you are
ready for the performance test, it will be assigned.

In this diagram you will be tracing voltage from the circuit breakers
to the component's ground. This is the easiest way to understand the wiring
diagram.

EXAMPLE:

Note: Look at the rain removal switch on diagram 1. P/J204 and J/P204
are written on it to identify the plug (P) and jack (J). On this
diagram if the P of the P/J204 is on your left this means the plug
is on the left and the jack is on the right. If the J of the J/P204
is on your left this means the jack is on the left.

E.;.aaple: In your home, the electrical outlet in the wall should be
called the jack (J). The item on your desk lamp cord should be called
the (P) plug which yoi connect to the (J) jack in the wall.

OPR: 3370 TCHTG

DISTRIBUTION: X
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EXERCISE 1 - POWER CIRCUIT

EXPLANATION - Control circuit (bleed air pressure regulator and shutoff
valve at 62 psi). Closing the CKPT HEAT AND VENT circuit breaker will place
a positive potential on the single pole of the emergency vent control knob
switch.

DRAW IN RED - With the red pencil, start coloring at the circuit
breaker through pin F of J/P 3158, over wire H71A20, and up to the single
pole of the emergency vent control knob switch. The voltage will stop here
because the emergency vent knob is pulled out.

EXPLANATION - Regulator circuit (62 psi). To turn on the bleed air
pressure regulator and shutoff valve for 62 psi, the armature for the
emergency vent control knob switch must be pushed in. This will energize
the bleed air pressure regulator and shutoff valve solenoid allowing the
system to regulate air pressure at 62 psi.

DRAW IN BLUE - Draw the emergency vent knob contact to the up position,
continue tracing over wire H71B20 to point A of P/J 317A, up to the pressure
regulator and shutoff valve solenoid and back to point C of P/J 417A. From
point C trace across ground wire H34A20N. The bleed air pressure regulator
and shutoff valve solenoid is now energized and the system will receive bleed
air regulated at 62 psi, when bleed air is applied to the system.

EXERCISE 2 - POWER CIRCUIT

EXPLANATION - Power to the rain removal switch. Closing the rain removal
28VDC circuit breaker will place a positive potential on the single pole 3f
the rain removal switch.

DRAW IN RED - Start at the 28VDC rain removal circuit breaker and trace
to point E on J/P 315B, then across wire H6A20 to point D of P/J 204 and to
the rain removal switch.

EXPLANATION - Rain removal system turned on. To turn on the rain removal
system, the armature of the rain removal switch must be in the ON position.
In this position a positive potential is placed to the low pressure solenoid
and the rain removal valve. After the rain removal valve is completely open,
the positive potential will then be directed to the rain removal bypass valve.
With the low pressure solenoid energized and both valves open the rain
removal system will be operating, when bleed air is applied to the system.

DRAW IN BROWN - Draw the armature of the rain removal switch to the on
position and cou.inue on through pin E of J/P 204, and to the junction point.
At this point voltage will go two vays. First, trace across wire H8B20 to
point A on P/J 417B through the low pressure solenoid and to point B then
continue out ground wire H34A20N. This circuit will energize the low pressure
solenoid and drop bleed air pressure from 62 psi to 40 psi. Now continue
from the junction point. Trace from the junction point to point A on P/J 105.
Continue tracing from point A across the open motor winding to point E on
J/P 105 out ground wire H9A2ON. This will allow the rain removal valve to
open allowing partially cooled bleed air into the system.
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Bart 2 - Opening of the Rain Removal Bypass Valve

EXPLANATION - Only after the rain removal valve has reached the full
open position will the following occur. After the rain removal has reached
its full open position, the open limit switch armature of the rain removal
valve will move to the opposite position. This closes the circuit between
pins A and C of P/J 105. This armature movement cuts off power to the
open winding, and closes the circuit to the closed motor winding. The
limit switches in each valve are mechanically linked, when one switch moves
the other switch in that valve will also move to the same position. Since
the limit switch moved to the up position, '.oltage can now continue to the
rain removal bypass valve. Remember this is only after the rain removal
valve is completely open. Once voltage is established through the open
winding of the rain removal bypass valve, it opens. Then the limit switches
of the rain removal bypass valve will move to the opposite position.

DRAW IN ORANGE - To show that the rain removal valve is completel
open, draw both of its limit switch armatures up. Starting at the rain
removal valve single pole open limit switch, draw over the armature through
pin C of P/J 105, over H16A20, through pin A of P/J 104 to the single pole
of the open limit switch on the rain removal bypass valve. Continue tracing
across the open motor windings to point C of J/P 104 out ground wire H18A2ON.
This completes the circuit and will allow the rain removal bypass valve to
open. After the valve opens, its limit switches will move to the opposite
position. After both rain removal valves are open, air will be applied to
the windshield.

EXERCISE 3 - AIR FLOW THROUGH THE SYSTEM

EXPLANATION - Air Flow - Rain Removal Switch ON

After both valves are open, air for rain removal will be applied to the
center windshield. This air comes through the bleed air pressure regulator
and shutoff valve Pnd then divides into two routes. One route goes through
the primary heat exchanger, through the rain removal valve, rain removal
nozzle, on over th^ windshield temperature sensing element and then over the
center windshield. The other path is a bypass of the primary heat exchanger.
This at is at a higher temperature and goes through the rain remove: bypass
valve, rain removal nozzle on over the center windshield temperature sensing
element and over the center windshield. As shown, the two air paths mix
together by the nozzle to ORBS over the -Indshield and the eir should not
exceed 260°F.

DRAT* IN ORANGE - Hot bleei air

In orans draw a solid line for air flow starting where it says "from
bleed air system" through the bleed air pressure regulator and shutoff valve
V' TO but NOT thrtugh the primary heat exchang-r.

DR! V IN DARK GREEN - Partially cold air

To show a drop in temperature after ton right side) the primary heat
exchanger, use the dark green pencil to f. aw through the rain removal valve
(butterfly symbol) on through the rain re-oval nozzle and over the wind-
shield temperature sensing element and center windshield. This is partially
cold bleed air.
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DRAW IN ORANGE - Hot bleed air (bypass)

The other path will be HOT bleed air drawn in orange starting at
the point between the regulator and heat exchanger. From this point, draw
down through the rain removal bypass valve (butterfly symbol), through the
rain removal nozzle mixing with the other path then over the windshield
temperature sensing element and center windshield. This air leaving the
nozzle is mixed and should not be over 260°F.

Note: Once the rain rem^val valve is open the rain removal drain
valves closes from the atr pressure placed on it.

EXERCISE 4 - WINDSHIELD OVERHEAT WARNING CIRCUIT

Part 1 - Power

EXPLANATION - Power 113VAC

Atter the 115VAC windshield temperature sensing circuit breaker is
pushed in, a positive potential is placed on the MAG. This power is used by
the MAG and changes it to a desirable voltage for the sensor circuit and
its relay coil. The voltage for the sensor circuit and relay coil is NOT
to be measured and is NOT available. The relay, like the MAG, is inside
a sealed container, the windshield temperature sensing control unit. But,
if a measurement of its circuit is needed, it must be isolated and the
circuit resistance must be measured.

DRAW IN RED

With a red pencil starting at the 115VAC windshield temperature sensing
circuit breaker, draw through pin H of J/P315B over H56A20, through pin C
of P/J201, through the MAG, to point D on J,P201 and out ground wire
H55A20N. This suppAles power to the MAG.

iXP1ANATION - Power 14/28VAC

After the 14/28VAC warning light power circuit breaker is pushed in,
a positive potential is placed on the single pole of the relay in the
windshield temperature sensing control unit and on the normally open throw
cf warning light test relay.

DRAW IN RED

With a red pencil starting at the 14/28VAC warning light power circuit
breaker, draw through pin A of J/P315B, over H188A20, through AC19 over
-11188C20, through pin B of P/J201 up to the single pole of the relay in the
windshield temperature sensing control unit. Going back aqd starting at
AC19, draw over H188820 through pin P of P/J207B up to the normally open
throw of the warning light test relay.

Note: The voltage in the warning light circuit is AC power
(14/28VAC) and NOT DC power (28VDC).

5
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Part 2 - Under 2f0°F (light out)

EXPLANATION - As the temperature of the air passing over the windshield

temperature sensing element (sensor) charge -' the rebiatance of the sensor

will change. Air less than 260°F cause 'f qor to reach a resistance

which creates a condition in the windsh rature sensing circuit and

control unit, causin3 its relay to be eneto hea. This relay receiv's power

from the MAG's transistor only when the MAC and se.-..sor circuit allows it.
With ti' Fez energized the windshield temperature high liiht will be out.
This tels the pilot a safe air temperature is passing over the winds%ield.

DRAW IN VIOLET

This color indicates the current flow to and from the MAG through the

sensor is such that the MAG has energized the relay. This results in the

windshield temp' high light staying out. Drs., violet cram the HAG t1'rrugh

the sensor and back to the MAG in eith :'rectirr. Then trace from the

MAC, through the relay to point D on J/P2,1 and out ground wire H55A20N.

This circuit ',ill energiz the relay keeping the warning light off.

Note: The sensor's wi:es are for turning the light on or off.

One of the wires is not just for turning the light on or off.

Note: Remember the rela uses H55A20N onl unuer 260°F when it

is energized.

Pa.. 3 - Test Circuit

EXPLANATION - Power Circuit

With the 28VDC warning light control circuit breaker set, power will

be applied to the warning light test switch.

DRAW IN RED

Trace from the 28VDC warning Itght control lircuit breaker to point C

on J/P 315B, continue across wire .0A20 to the warning light test switch.

EXPLANATION - Warning light t,.c relay energized, warning lig.!t on.

When the warning light test switch is placed to test, power is directed to

the warning light teat relay. This will energize the relay pulling the

armature down. This will allow 14/28VAC to continue to the windb..ield temp

warning light turning it on.

DRAW IN DARK GREEN

Dr," the warning light test switch to the test position. Continue

tracing across wire L:0A20 to junction FC1, across wire L50B20 to point B

on P/J207B. Trace through the relay to point A on P/J207B and out ground

wire LB2A2ON. This will energize the relay pulling the contact down.

Continue with t', dark green pencil. Draw the warning light test relay

contact down, continue to point on J/P207P across wire H60A20 to junction

AC20. From junction AC20, continue across wire H60C20 through point C on

52P/J265, through the light to ground. The warning light will come on

tell{ g the pilot the light is good.

6
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Note: .1ter the spring loaded test switch is released the test light
will , 2energize and the windshield temp high light will go out.

Part 4 - Over 260°F (overheat light on)

EYP iATION - As the temperature of the air passing over the windshield
temperature sensing element (sensor) changes, the resistance of the sensor
will change. Air OVER 260°F causes the sensor to reach a resistance which
creatta a condition in the windshield temperature sensing control u.tit causing
the relay to deenergize. The relay coil will not receive power from the MAG's
transistor when the sensor circuit resistance is such that it is causing the
HAG transistor to cut power to the relay. With the relay deenergized, the
windshield temperature high light will be on. This tells the pilot an unsafc.
air temperature is passing over the windshield. At this time the pilot
myst place the rain removal switch to OFF!

DRAW IN YELLOW

This color reflects the current flow to and from the HAG through the
sensor is such that the 14,.G has allowed the relay to deenergize. This
results in the windshield temperature high light to come on. Draw in
yellow from the HAG through the sensor and back to the ME.. DO NOT draw
in yellow the wire from the HAG to relay because the relay will not receive
power. The relay must be deenergized for temperatures over 260°F to turn
on the windshiehl temperature high lamp.

With an overheat at the windshield temperature sensor, the resistance
11 increase to the point (over 260 degrees) where the MAG will cause the

relay to deenergize. This causes the armature to fall and cmplete the
circuit to the light.

Note: H55A20N is the AC ground for the AC power.

Pin B and A of P/J201 are for AC power (low voltage 14/28VAC) and
NOT DC power 28VDC.

The windshield temperature high lamp uses 1C power 14/28VAC.

DRAW IN YELLOW

In yellow draw the relay armature close connecting B to A cf P/J201.
Draw in yellow, starting at the single pole of the relay through pin A of
J/P201 over H60B20 through AC20, over H60C20 up to pin C of 52P/J265,
through the light and out ground. Beside the wiodshieY4 temperature high
light write in yellow, "light on over 260'F."

Note: It's AC and NOT DC power that turn or the light.
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EXERCISE 5 - RAIN REMOVAL VALVES CONTROL CIRCUIT (CLOSE/OFF)

Part 1 - Low pressure solenoid deenergized and rain removal bypass
valve close.

EXPLANATION - Rain Removal System OFF

If the rain removal air over the center windshield is dot wanted,
both rain removal valves must be closed. The pilot closes them by placing
the rain removal switch Zo the OFF position. In this position, the positive
potential is removed from pin A of P/J417B deenergizing the low pressure
solenoid. This allows the regulator to again regulate at 62 psi for air
conditioning with the high pressure solenoid energized. Also in this
position a positive potential is applied to pin B of the rain removal bypass
valve. After this valve closes completely, a positive potential will be
placed on pin B of the rain removal valve for it to close.

Note: The rain removal bypass valve closed first to make a reduction
in temperature and -.ten the rain removal valve will mak,- the final
cutoff of air to the windshield. With both rain remove valves
closed the rain removal drain valve will or-n the spring inside it.

DRAW IN BLACK

The rain removal bypass valve is open and the limit switches inside
it wil' be found in the down position. In this position power was cut off
through the open windings earlier. This will allow electron flow through
the close windings to let the valve close. Insure the limit switch armatures
are in the down position by drawing them this way with a light green pencil.

Draw in light green the armature of the rain removal switch to the OFF
position and continue on through pin F of liP204 over H7A20 through pin B
up to the single pole of the close limit switch in the rain removal bypass
valve. Continue through the close motor windings to pin C of J/P104 and
out ground wire 18A20N.

Part 2 - Rcin Removal Valve Close

EXPLANATION - Rain Removal System OFF (Cont'd)

AFTER the rain removal bypass valve has closed, reaching its full close
2osition, the close limit switch armature will close the electrical path
between pin B and D of P/J104. The open limit switch armature will be in
a position to connect pin A of P/J105 to the open winding. Power from the
rot- removal bypass valve will then continue to the rain removal valve,
clot ; it. This will then shut off all airflow across the windshield.

DRAW IN BLACK

Insure the limit switch armatures in the rain removal valve are drawn
In the UP position indicating the valve is open. With the rain removal
byvass valve completely closed, draw with the black pencil both limit
switches armature up. Starting at the single pole of the close limit twitch,

8
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draw in black over the armature through pin D of POW, over H17A20,
through pin B of P/J105 to the single pole of the rain removal valve,
across the close motor windings to point E of J/P105 and out ground wire
H9A2ON. After the valve closes all the way, the limit switches will
return to their original position,

Part 3 - Air Flow, Off

EXPLANATION - With both valves now closed and low ,ressure solenoid
deenergized, the system air flow over the windshield will stop ant: the air
conditioning pressure will increase. With the loss of this air, the rain
removal drain valve will open with its spring.

PRACTICE EXERCISE INSTRUCTIONS

This is the practice exercise (practice work) in which the requirement
is to complete at least the first three assigned problems satisfactorily.
In addition to the first three practice problems an additional amount may be
required. These additional problems are only required if the instructor
determines additional exercise is needed. During the practice exercise,
questions may be asked of the instructor within reason. The instructor will
.1ways reserve the right on how or if to respond to the question(s).

Th, student will NOT be allowed to progress to the progress check yynless
all of the assigned practice exercises are complete. The instructor determines
if the assigned practice exercise is completed satisfactorily .Aid when
progression to the progress check will be.

At this time, go back and reread the objective in the front of this
workbook. If you have any questions about it, see the instructor &OW. If
you don't have any questions about the past material and think :ou understand
it, proceed with the following.

Note: During the practice exercise, if you have anything you
don't understand, inform your instructor. Also, if you have
questions during the exercise, 'hat's the time to speak with the
instructor.

All of the entries made for each cause must be correct. Partial credit
cannot an," will not be given during progress check.

PRACTICE PNJBLEM 1

Diagram 1 at the back of this workbook must be used in conjunction
with the practice exercise pagc(s) in this workbook.

FIRST - Read the discrepancy given. Study it along with diagram 1 to the
point that you cowpletely understasi the discrepancy. You should
understand it so you feel as though you have actually written
the discrepancy.

SECOND - Study diagram 1 and make personal notes somewhere on diagram 1
of all the possible causes for the dis:repancies.

THIRD - Under the possible cause column on page 11 you will find the
recording area for one or more of the required causes. Remember,

9
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you will not be required to record 7age 11 all the possible
causes for each discrepancy. You should have done this in step 2
above, on the diagram.

The following informaion and guidance are provided to help you
understand how to meet the objective.

Read the discrepancy as given for problem 1 on page 11. You need to
study the discrepancy so you feel as though you have actually written it.
At the same time you may refer to diagram 1 in the back of this workbook.
After you fully understand .t, use diagram 1 to help identify the possible
causes for the given discrepancy.

The discrepancy says "Air flow from the rain removal nozzle has
stopped," this means the valves must both be closed. The statement, "with
the fain removal switch on," means the valves should be open. "And the
air conditioning pressure does not drop," means that the solenoid didn't
energize.

If the motors don't drive the valves open and the solenoid is
deenergized, the circuitry which is in COMMON to or SHARED by all three
loads (solenoid and two motors) must be considered first.

Examining diagram 1, you will find the following wires and components
are shared by all three loads when the system is turned on.

1. Wire H8An

2. Wire H6420

3. Pain removal switch

4. Rain removal circuit breaker

These four items should be the ones you should have identified as
possible causes on diagram 1 for the discrepancy. This should be marked
by placing a very light checkmark by each one of them on the diagram.
Each problem's checkmarks can be erased alter the problem is complete.

As indicated by the answer column, the cause is marked wire numbers and
two open spaces, and the discrepancy is "Airflow from the Rain Removal
nozzle has stopped, with the rain removal switch 'ON' and the Air Conditioning
Pressure does not drop," and in the cause column they want two sires. Out
of the four items you checked there are two wires, write these two wires in
the two spaces given.

Don't forget that any of the areas you have marked could have been the
cause. But, as you can see, only one cause is asked for. You will not
always be required to give all the possible causes for grading. You should
however, always mark all possible causes on the diagrams before actual
troubleshooting. This should save you time and it should prevent you from
possibly straying into circuits which are in no way related, during actual
troubleshooting with test equipment.

1N1



PRACTICE EXERCISE

(Practice Work)

DISCREPANCIES CAUSE

1. With the rain removal switch "ON"
air conditioning pressure does
not drop and air does not flow
across the windshield.

Open wire numbers

2. During an overhead condition the Open vire numbers
"Windshield temp high" warning and
lamp failed to Lame on. The

lamp worked normally during the
test procedure.

3. Both valves remain open with the Open wire number
switch in the "OFF" position. The
valves did open normally.

See your instructor to have the three practice problems evaluated
at this time.

If you have a.ything you don't understand or have questions, now is
the time to ask. What you may ask during the progress check is limited.

STOP!! Inform your instructor you are ready to start the
progress ,:heck.

11
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Environmental/Pneudraulics Branch
Chanute AFB, Illinois

FIGHTER REFRIGERATION SYSTEM

OBJECTIVE

SERVICE TEST
C3ABR47331-SC-203

Relate a minimum of 8 out of 10 refrigeration components to their
operation.

INFORMATION

The refrigeration system can actually be broken down into two
sections - hot and cold air - cold air to the equipment compartment and
a of hot and cold air to the cockpit. Also included in the
refrigeration system is the servo air system.

The purpose of the servo air system is to supply air pressure to the
valves in the ECS. This air pressure is used for valve activation
(movement). Partially cooled bleed air pair that has passed through the
heat exchanger but not the cooling turbine) from the initt side of the
compressor turbine is the source of the air for the servo air system.

The servo air is then routed to the water trap where excess moisture
is removed from the air. The water trap is deslened ; collect mi sture
from the servo air and then force this water out through a drain hole
(vent) in the bottom of the filter. This water is -,1lowed to evaporate
in the refrigeratiox bay.

After passing through the water trap, the air is sent through the
servo air filter. This filter is a disposable wire mesh unit which insures
that 3:el...Lively clean, dry air is being used in the servo air system.

After being cleaned by the filter, the servo air must be regulated.
This is accomplished by the servo air regulator which takes 30 psi air
pressure and regulates it down to 18 +2 psi. The servo air regulator
also has an overpressure relief setting of 25 psi.

Now that we know how the valves are actuated open and closed, let's
discuss one of the sections mentioned earlier - the hot air system.

The Hot Air Control Valve - You should recall from the bleed air
section that the three primary valves (7th, 13th stage bleed valves and
the variable pressure regulator (VPR)) all cortrol PRESSURE but not
TEMPERATURE. The hot atr control valve DOES control temperature.

Working in conjunction with the hot air sensyr/controller, the hot
air control valve maintains a duct temperature of 320°F. This set functions
as a source of hot air to be mixed with cool refrigerated air to maintain

the desired temperature range in the cockpit, as well as providing a warm
air source for the water separator anti-icing control set.

OPR:-7,370 TCH1G
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 350; DAV - 1
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Hot air for W/S antiicing is taken downstream of the VPR. The warm

(partially cooled) air consists of bleed which has passed through the

primary section of the heat exchanger, but has not yet passed through the

ECS cooling turbine. These two air sources (hot bleed air and partially

cooled air) combine in the warm air duct at a point between the hot air

sensor/controller ant: the hot air control valve. The sensor controller

is a device that is used to help the control valve maintain the 320°F duct

temperature. The duct temperature is also monitored by the hot air bypass

thermostat. If the hot air control valve or the hot air sensor/controller

should malfunction and allow duct temperature to rise to a temperature of

450°F, the hot air bypass thermostat would shut the system down.

(Remember this from the bleed air section.)

The hot air control valve is spring-loaded closed and pneumatically

actuated open. It also has a push-to-test button for testing the operation

(open/close movement) of the valve. With the button pushed half-way i the

valve will bleed off control pressure and close. With the button pushed

ell the way in the valve will open.

This completes the hot air section, so let's continue on with the

cold air section.

First, we shall talk about the component that gives the pilot cold

air, the cooling turbine. The cooling turbine consists of an oil sump,

a compressor turbine and an expansion turbine. We will discuss each of

these parts separately.

First, the oil sump, located at the bottom of the turbine, is used

to lubricate the bearings. This is done through two oil wicks which hang

down in the oil swim. These two wicks will sodk ufoil and distribut, it

on to the bearing. Servicing of the on-sumid-shodid be-dont on'th*

aircraft according to the applicable TO. After servicing, tht-turbine

should be-allowed t6 sit for a period of time (time ig'designated by the

TO) t6 allow fot adequate lubrication.

The compressor ang-expansion "wheel's"
of'theturbine wiTi be discussed

together. Td'understand th( proper operation orthe-two, yourmuSt first

understand what effect the bleed air has as it strikes th07"bldaes" on the

wheel.

Look , the bleed air schematic and notice that
after 1:14 aft passes

through the primary section of-theTheatexchanger, 95-fledi te`the:j

compressor side of the turbine. After going through the compressor side

of the turbine, it flows back through the secondary section of the heat

exchanger to receive
additional cooling from the ram air flowing through

the heat exchanger, and then it is routed to the expansion side of the

turbine.

Now to better explain this, let's go back to the starting point.

The hot hi-press bleed air receives its initial cooling as it passes

through the primary sectioi of the heat exchanger. The bleed air is

then routed to the compressor side of the turbine. Now to explain the

what, why and how of the compressor wheel.

3
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What: What is the compressor turbine? This is the part of the
turbine that will take bleed air and do exactly as the name implies - it
will COMPRESS the bleed ai

Why: Why does it compress the bleed air? It coma lases the bleed
air because if the turbine is going to produce cool air it must work
efficiently. For the turbine to work efficiently, the bleed air must
be hi-press. If you study the schematic you will notice that the bleed
air is "tapped" off for uses other than air conditioniag. These "tap offs"
cause the pressure to drop. The pressure must be brought back up to an
Pfficient working pressure. To do this, the bleed air is routed to the
compressor.

How: How is the air compressed' Once again, study the bleeA air
schematic and you will notice that the bleed air enters the compressor
turbine by going straight into the blades. At this point two things are
taking place. First, you are taking a large volume of air and forcing it
into a small area. This is, of course, going to cause the air to compress.
Secondly, by the way the air is entering the compressor, (straight into
the blades) it is going to cause th'. compressor to out a load on toe
expansion turbine. (This will be discussed in more depth when we talk
about the expansion side.) After going through the compressor, the bleed
air is going to be hot hi-pressure bleed air again. Because you increased
the pressure, you also increased the temperature. Now it must be sent
through the secondary sectio of the heat exchanger to remoe the increased
temperature.

After the bleed air passes through the secondary section of the heat
exchanger, it goes through the regenerative heat exchanger for additional
cooling (this will be discussed later). After passing through the
regenerrtion heat exchanger, the bleed air goes into the expansion side
of the turbine.

What is the expansion turbine? This is the part of the turbine
where the "super" cooling of the bleed air takes place. This is also
considered the final stage of cooling. This is accomplished by what is
known as rapid expansion. Rapid expansion is the taking of the compressed
bleed air (molecules that have been compressed together) and causing them
to expand very rapidly (molecules are thrown apart). This will create the
cold air.

Because of the fact that the hot air is being expanded, it is also
referred to as taking heat energy and turning it into mechanical energy.
This means you are taking hot air and expanding it, which causes the
expansion turbine tc turn. By doing this, the expansion turbine is
considered the "driving" force of the cooling turbine assembly. Even
though the bleed air passes through the compressor turbine before it gets
to the expansion turbine, the expansion side is still the "driving force."
It causes the turbine to spin (turn) while the compressor turbine puts a
"load" on the expansion side to prevent it from overspeedi:g. By studying
the bleed air schematic you should also have noticed that the two turbine
wheels are connected by a common shaft, so when the expansion turbine
starts to turn, so does the compressor side.

4
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All right! Now we have cooled the air going into the cockpit. How
about precooling before it gets to the turbine assembly?

You probably remember sending the bleed air through the heat exchanger
before routing it through the turbine! The heat exchanger is the unit
that will "precool" the hot bleed air before it goes to the cooling turbine.
Locate the heat exchanger on the bleed air schematic and note that it is
comprised of two sections - the primary section and the secondary section.

The heat exchanger is an air-to-air type heat exchanger. This means
that you have hot bleed air passing through the heat exchanger and ram

air passing around it to transfer the heat from the bleed air tc the ram
air. Depending on the throttle setting, the temperature of the bleed air
entering the heat exchanger can range from 400°F to 1100°F. After passing
through the primary section of the heat exchanger the temperature of the
bleed air will be approximately 300°F or below. The air then goes to the
compression side of the cooling turbine. You should remember that the
pressure and temperature are increased at this point. You should also
remember that after boing through the compression side of the cooling
turbine, the bleed air goes back to the heat exchanger, the secondary
section of the heat exchanger. The temperature of the blend air will
generally be below 350°F after passing through the secondary section of
the heat exchanger. Pressure at this point will vary between 65 and
145 psig.

Now you know how the bleed air is precooled before it gets to the
cooling turbine. The heat exchanger can be considered the first stage
of cooling for bleed air. The second stage of cooling .s the regenerative
heat exchanger. Locate the heat exchanger on the bleed air schematic.

The regenerative heat exchanger provides additional cooling of the
high-pressure bleed air that is discharged from the secondary section of
the air-to-air heat exchanger. Because it uses the water drail-off from
the water separator, the regenerative heat exchanger is most efficient
under high moisture content conditions (low altitude).

The regenerative heat exchanger has two small lines going to it.
One from the water separator and the other from partially cooled air
manifold. The partially cooled air enters the regenerative heat exchanger
at the top. At the end of this line is a venturi. At the throat of the
venturi is the other line. The venturi will create a low pressure at the
throat, which will suck the moisture out of the water separator. This
moisture is then blown over the tubing that carries the partially cooled
air in the regenerative heat exchanger, providing additional cooling.
Because the air temperature and ram air inlet temperature are high at low
altitude and high speed, the primary heat exchanger is not very efficient.
At low altitude there is more moisture in the air which will make the
regenerative heat exchanger more efficient to help the primary air-to-air
heat exchanger.

Once the air is discharged from the regenerative heat exchanger, it
flows through the expansion turbine. You should recall that the air is
"super" cooled at this point. At low altitudes the air coming out of the
expansion turbine has a lot of water (moisture). If this moisture is
allowed to go into the cockpit, it would cause a fogging effect which

c
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could cause a visibility problem for the pilot. Also, if this moisture
is allowed to enter the equipment compartment, it could cause damage to
the equipment.

To prevent the fogging effect and equipment aamage, the wa'...tr must
be removed from the air. This is accomplished by the water separator
which is installed downstream of the cooling turbine.

The water separator consists of a by-pass valve and a cooles r.

The by-pass valve is set to open at 7 psig. It allows air to flow
through the water separator in the event of an ice blockage.

The cooleser is designed to collect moisture from the air and turn
it into water droplets. The cooleser also caus s the air to swirl around
in the water separator creating a centrifugal force which will "thl,w"
the water droplets to the outside wall where they drop down into the
bottom of the water separator and are sucked into the regenerative heat
exchanger to increase the cooling efficiency of the air-to-air heat
exchanger. Because of the low temperature of the air coming out of the
expansion turbine and entering the water separator, it sometimes caubes
the moisture in the water separator to freeze up. If this occurs,
airflow going into the cockpit and equipment compartment is blocked.
At this point, the by-pass valve will open (7 psi), allowing some air-flow
into the cockpit/equipment compartment.

To try and prevent this from happening, there has to be a way to
keep air temperatures above freezing. To do this, a water separator
anti-!_4;e system has been incorporated into the system.

This system consists of a water separator anti-ice valve and a water
separator anti-ice sensor/controller.

The water separator anti-ice valve is an electrically controlled,
pneumatically actuated valve. It is spring-loaded closed. Opening of the
anti-ice valve is controlled by the sensor/controller. Let's look at an
example to better understand the proper operation of the anti-ice valve.
The altitude of the aircraft will determine the output temperature of the
air coming out of the water separator. At an altitude of less then
27,000 ft, the water separator output should be 35° +2°F. At altituies
above 27,000 ft the output temperature will drop to 0° +2°F. Now - lets
look at an example: The aircraft altitude is below 27,000 ft. Output
temperature should be 35" +2°F. Now, lets say the temperature drops to
30°F, that is below freezing, so the temperature must be brought back up
to 35° +2°F or we face the problem of a water separator freezing up. The
sensor/controller, located it the output duct of the water separator does
just what the name implies; it senses the temperature of the air coming
out of the water separator and controls the temperature to 35° +2°F. So,

if the temperature has dropped from 35° to 30°, the sensor portion of the
controller wiLl sense this temperature drop and send a signal to the
controller portion of the unit. The controller in turn will increase
current flow to the anti-ice valve motor. When this happens servo air
will open the anti-ice valve, allowing hot air to be mixed with turbine
discharge air. With a warmer m_<ture of air flowing into the water

6
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separator, the output temperature will increase, bringing the temperature
back to 35° +2°F. This action is a continual cycle to keep the proper
water separator output temperature. The anti-ice valve should always be
open a little.

RAM AIR SYSTEM

During ram air operation, part of the ram air that is normally
routed to the air-to-air heat exchanger is diverted to the cold air
supply ducting.

The ram air system is activated by selecting RAM on the air source
selector switch. This will cause the shutoff solenoids on the 7th & 13th
stage regnlators and the variable pressure regulator to energize and the
dump solenoid on the cabin safety dump valve to energize. This action
will stop airflow into the system and allow pressure to be cumped overboard.
At the same time, the emergency ram air valve is deenergized to the open
position. The emergency ram air valve is electrically controlled and
pneumatically operated. Loss of electrical power and/or servo air will
cause the valve to move to the open position. A split flapper-type check
valve is installed downstream of the ram air valvf to prevent loss of
cooling air during normal system operation should the ram air valve fail.

WATER SEPARATOR, ANTI-ICE

The anti-ice control switch has several positions which we will take
up individually:

Valve Return "Norm" - Allows you to read voltage from wa'_er separator
anti-ice valve. Depending on the position of the anti-ice valve, voltage
readings will range from 19 VDC (full open) to 28 VDC (full closed). Normal
readings should be about 25 VDC, indicating a slightly open valve.

Valve Return High Temp When placing the tester ANTI-ICE CONTROL
switch in the VALVE RETURN - HI TEMP position, you are checking operation
of the water separator anti-ice sensor/controller and the water separator
anti-ice valve. This is accomplished by causing an imbalance in the bridge
circuit of the sensor/controller. The sensor/controller contains a
negative coefficient bridge circuit The imbalance will cause the sensor/
controller to think that the W/S discharge temperature is too cold,
therefore sending a signal to the anti-ice valve causing it to open,
sending warm air into the W/S. Normal voltage display on the meter should
be 19 to 22 VDC, indicating a nearly full open valve. The temperature
display in the AVIONICS or CABIN position should increase to 85°F +10°F.
(75° - 95°F)

Control High Temp Test - fhis test will check the opening of the
water separator anti-ice valve, increasing the temperature output of the
anti-ice valve to 85°F, just as it did in the HIGH TEMP test. The voltage
display will indicate the transistor voltage is zero indicating valve
closed and 2.5 VDC indicating valve open. Normal voltage reading should
be greater than 2.0 volts.

Control Mode Shift This test will do three things. First, it will
read the voltage controlling the transistor in the water separator
anti-ice sensor/controller. Secondly, it will increase the resistance
of this sensor, causing it to think that the water separator discharge
air is too cold and opening the water separator anti-ice valve to allow
warm air into the water separator. Thirdly, it will check the ability
of the sensor to respond to mode shift. The mode-shift will lower the
temperature of Ole air from 85°F to 50°F.

7
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Environmental Pneudraulics Branch C3ABR42331-WB-203A

Chanute AFB, Illinois

RAIN REMOVAL SYSTEM AND TROUBLESiOOTING

OBJECTIVE

Using a muitimeter and wiring diagram, troubleshoot the rain removal
system trainer, locating three out of four troubles correctly.

EQUIPMENT

Trainer 3336, Rain Removal System
Multimeter, AN/PSM-37

PROCEDURE

1. Remove all of your jewelry. Report to the lab instructor and
inform him of the lesson on which you are working. The instructor will
assign you to a trainer and provide the necessary equipment.

2. This workbook is presented in two sections. Section 1 is to
familiarize you with the components of the rain removal system trainer.
Section 2 contains the steps for operationally checking the systems and
the malfunctions that you are to troubleshoot. Perform each step as
directed on the following pages. If you do not understand any part be
sure to ask the instructor for assistance.

SECTION 1. RAIN REMOVAL SYSTEM TRAINER COMPONENTS

1. Locate each of the following items on the trainer. The names
of the items are listed near each component.

a. Bleed air pressure regulator and shutoff valve.

Note 1: This is the pressure regulator and shutoff ve..e that
controls air for cabin air conditioning. The controls that energize
the main solenoid are not on this trainer. Since we are only
concerned with the rain removal system, the only part of this
regulator that will operate is the low pressure solenoid.

b. Rain removal shutoff valve.

c. Rain removal bypass valve.

Supersedes C3ABR42331-WB-202A, 13 October 1982.
OPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P - 300; DAV - 1
2
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d. Windshield temperature sensor.

e. Windshield temperature sensing amplifier.

f. Warning it cont 28V DC cir-Alit breaker.

g. Warning It pwr 14/28V AC circuit breaker.

h. Rain removal 28V DC circuit breaker.

i. Windshield temp sensing 115V AC circuit breaker.

j. Rain removal switch.

K. Waming light test switch.

1. Overheat simulator switch.

Note 2: This switch is used to simulate a temperature rise above 260°F
When the switch is placed in the simulated overheat position it in-
creases the resistance in the sensor circuit causing the windshield
temperature sensing amplifier to turn on the warning light.

2. Trainer preparation.

a. Place all trouble switches to the OUT position. These

switches are located on the right end of the trainer.

b. Push in all circuit breakers.

c. Place the rain removal switch to the OFF position.

d. Place the trainer power switches to the ON position.
These switches are located on the left end of the trainer.

3. Trainer operation.

During each of the following steps you will ''perate each component
of the rain removal and windshield temperature warning systems. When a
switch is actuated be sure to notice which of the valves operate and
the valve position. Actuate each switch as directed. From your observation
of the trainer operation, complete each of the following statements by
circling the correct word.

STEP 1. Rain removal system operation.

(1) Place the rain removal switch to ON.
The rain removal valve (opens/closes).
The rain removal bypass valve (opens/closes).
The pressure regulator and shutoff valve low
pressure solenoid (energizes/deenergizes).

3
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Note 3: Since we do not have airflow through the system you cannot
observe the decrease in flow to determine whether or not the low
pressure solenoid is operating. However, you can check to determine
if the solenoid is energizing as follows: Remove the AN electrical
connector by unscrewing it from the solenoid valve at P417B and J417B.
As you remove the connector you should hear an audible click as the
solenoid deenergizes. Then replace the electrical connector, listening
closely as you do so. You should hear the click as the solenoid is
energized. Try this several times to be sure you recognize the audible
sound of the solenoid energizing and deenergizing.

operation.

(2) Place the rain removal switch to OFF.
The rain removal bypass valve (opens/closes).
The rain removal shutoff valve (opens/closes).

STEP 2. Windshield temperature overheat warning system

(1) Hold the windshield temperature sensor simu-
lated overheat switch to simulated overheat

position.

The WINDSHIELD TEMP HI warning light is (on/off).

(2) Release the simulated overheat switch.

The WINDSHIELD TEMP HI warning light is (on/off).

STEP 3. WINDSHIELD TEMP HI warning light test circuit operation.

(1) Hold the warning light test switch to TEST.

The WINDSHIELD TEMP HI warning light is (on/off).

(2) Release the warning light test switch.

The WINDSHIELD TEMP HI warning light is (on /off).

STEP 4. Place the trainer power switches to OFF.

COMPARE THE ANSWERS THAT YOU HAVE SELECTED TO THOSE GIVEN BELOW.

Answers to trainer operation statements.

STEP J. (1) opens.

opens.

energizes.

(2) closes.

closes.

STEP 2. (1) on. STEP 3. (1) on.

(2) off. (2) off.

If your answers do not agree, check with the instructor. If your

answers agree, then the trainer is operating correctly.

4. Sensor resistance.

4
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a. Knowing the normal resistance value of the sensor will be
helpful when troubleshooting the system.

b. To measure the resistance of the sensor, the circuit must
be isolated. To isolate the sensor circuit, disconnect the AN _onnector
from the windshield temperature sensing amplifier. With this disconnected
you can measure the sensor resistance from the check point, pins E and F
at the temperature sensing amplifier. Using the multimeter, measure the
resistance of the sensor.

area.

The sensor resistance is

c. Ask the instructor for the ambient temperature in the lab

Temperature is

d. The graph, illustr .ted in figure 1 below, shows the normal
sensor resistance. Using the graph, determine the resistance range for
the sensor at the present ambient temperature in the lab. Is the measured
resistance of the sensor within the range given on the graph? (Yes/No).

I I0

170

160 ,MAXIMUM RESISTANCE

0150

140

130

H 120
(7)
U, 110
at

100

ALARM POINT
174 00) 0 87)
,OHMS AT 260°F

MINIMUMU RESISTANCE

rTEMPERATURE SENSOR
RESISTANCE VS (TEMPERATURE

-10 1 10 1 30 1 50 I 70 1 90 110 130 150 170 190 1 210
1 1 1 1

230
I

250 I 2700 20 40 60 so 100 no 140 160 180 200 240 260

AMBIENT TEMPERATURE - °F

F/RF 4C 20 AND UP,F 4D AND F 4E,ALSO
FAC 15 THIN F 4C.19 AND IF 4C 17 1HRU
11F.4C 19 AFTER T 0 IF4 504

Figure 1. Windshield Temperature Sensor Resistance Graph.

Instructions for using the temperature ser4or resistance graph.

Locate the vertical line for the ambient temperature. Follow this
line up to the shaded area, then follow the horizontal lines to the left
to determine the resistance range in ohms. The measured resistance should
be within this range.

Example: If the temperature is 120°F, then the resistance should
be between 112 and 142 ohms.

5
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SECTION 2. OPERATION AND TROUBLESHOOTING

OPERATIONAL CHECK

1. The steps that you performed in paragraph 3a of Section 1 involved
operating each component in the rain removal and windshield temperature
overheat warning systems. They determine if each component was operating
properly and are called operational checks.

2. The chart below formalizes the operational check procedures in
an outline form. With troubleshooting, you will be required to perform an
operational check for each trouble. To insure that you are familiar with
the procedure, turn on the trainer power switches and perform an
operational check using the outline below. After you have completed the
operational checks, contitue with the troubleshooting part of this lesson.

Switch Positioning Operating Valve or Light Valve Position and
Light Indication

Place the rain removal
switch to ON.

Rain removal shutoff valve
Rain removal bypass valve
Low pressure solenoid
WINDSHIELD TEMP HI Light

OPEN
OPEN
Energized*
OFF

Place the rain removal
switch to OFF.

Rain removal bypass valve
Rain removal shutoff valve
Low pressure solenoid
WINDSHIELD TEMP HI light

CLOSED
CLOSED
Deenergized*
OFF

Place the windshield
temperature sensor
simulating switch to
simulated overheat. Hold
in position.

WINDSHIELD TEMP HI light ON

Release the sensor
simulating switch.

WINDSHIELD TEMP HI light OFF

Place the warning light
test switch to TEST.
Hold in position.

WINDSHIELD TEMP HI Light ON

Release the warning light
test switch.

WINDSHIELD TEMP HI light OFF

*See Note 3
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TROUBLESHOOTING

1. Perform an operational check for each trouble to determine the
malfunctioning component or components.

2. Using a waxed pencil, trace the electrical circuits that operate
cr control the malfunctioning component.

3. Use the multimeter to locate the cause of the trouble.

Note 4: When measuring voltage, be sure the meter is set to the
correct voltage range. Make sure you have the negative (black) lead
to ground. This .rainer does not have a common ground _point, use
any one of the valves for ground. Be sure the trainer power switches
are OFF and the meter is set at OHMS when checking resistance.

4. Some of the troubles in this system are located inside of the
component. For these troubles you should determine exactly which part of
the internal circuit is causing the trouble. On the rain removal shutoff
valve, rain removal bypass valve, and the low pressure solenoid there is
a "J" section and a "P" section on the AN connector. The "P" section is
for checking circuits coming to the component. The "J" section is used
for checking the internal condition of the valve.

5. Use the trouble switches indicated on the troubleshooting answer
sheet provided on the last page of this worksheet. The troubleshooting
answer sheet has three columns. The first column contains the trouble
switch numbers. The second column, marked discrepancy, is for you to
record the malfunction. In this column state the name of the component
and the condition, such as: "shutoff valve won't open." In the third colurn,
marked cause, state if it is an open or short in the circuit and the location
(wire number or between two certain pine), such as: "open between pins B
and E of the shutoff valve."

6. We will go through trouble number 3 to show you how to arrive
at the correct answer.

a. Place trouble switch number 3 to the IN position.

b. Perform an operational check. Use the operational check
procedure chart, figure 2.

c. During the operational check you found the rain removal
shutoff valve would not open and also the rain removal bypass valve would
not open. Make the following statement in the discrepancy column for
trouble switch number 3.

"Rain removal system inoperative, valves will not open."

d. When you performed th. operational check you should have
also noticed the low pressure solenoid on the bleed air pressure regulator
and shutoff valve is energizing when the rain removal switch is ON. Knowing
this is very helpful in our trouble analysis process.

7
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e. Since there is power to the solenoid, this tells us that
we do have 28-volts DC through the rain removal switch to the solenoid.
Our problem must be in the circuit after the Junction of wires M8A20 and
M8C20. Trace the circuit from the junction to pin A of the rain removal
shutoff valve (wire number M8C20), through the open side of the motor, to
pin E, and through wire number M9A2ON to ground.

f. Since the rain removal shutoff valve will not open, the
trouble must be in the circuit traced. But why doesn't the rain removal
bypass valve open? Remember the rain removal shutoff valve has to
open all the way before the bypass valve will open.

g. Use the multimeter and check for 28-volts DC at pin A of
the rain removal shutoff valve. You should read voltage at this point.
Since we do have power to the valve, the trouble must be in the ground
circuit or internally in the valve. Use the ohmmeter to verify this
conclusion.

Caution: Do not remove the AN connector from any of the three
valves on the trainer. You will use the connectors for each
valve as t1ey are required. They are located beside each valve
on the trainer.

h. Turn the power switches OFF, and disconnect the AN connector
from the rain removal shutoff valve. Check for continuity from pin E to
ground. You should read continuity (zero resistance). Since this circuit
is good, the trouble must be in the valve.

i. Check for continuity between pins A and E of the valve
motor. Be sure to check the circuit going through the valve motor. This
is done by using check point J103. If this circuit is good you should
read continuity, but it will be something greater than zero because of
the resistance of the motor windings. If the circuit is open the meter
will read infinity. What indication did you receive? You should have
an infinity reading. There is an open in this circuit. Make the
following statement in the cause column of the answer sheet.

"Open between pins A and E of the rain removal valve."

j. You have completed trouble number 3. Replace the AN
connector to the rain removal shutoff valve, and place trouble switch
3 to the OuT position. Place trouble switch number 1 to the IN position,
perform an operational check and continue with the troubleshooting. Be
sure to record your findings for each pro:-Ilem.

1639
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TROUBLESHOOTING ANSWER SHEET

TROUBLE
SWITCH

NUMBER DISCREPANCY CAUSE

1

2

3

4

5

6

7

8

9

10

Note: When using trouble switch #10, use
1KAW on the AN/PSM-37 function switch.

9
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Environmental Pneudraulics Branch
Chanute AFB, Illinois

OBJECTIVE

C3ABR42331-WB-204

EQUIPMENT AIR CONDITIONING SYSTEM WIRING DIAGRAM

Using a wiring diP3ram specify causes for equipment air conditioning
system troubles with a minimum score of 80 out cf 100 total points.

EQUIPMENT

Colored pencils

INSTRUCTIONS

Pay close attention to all directions. After completing this lesson,
you will be required to identify causes for system troubles with 80%
accuracy on the attached diagram. If you are ready, and the instructor
has already briefed you, oegin.

EQUIPMENT AIR CONDITIONING WIRING DIAGRAM

INTRODUCTION

During this lesson, you will review the purpose of the system components
and you will study the electrical circuitry for the system operation, and
troubleshooting various troubles. Be sure to read the instructions on this
page before going any further.

You will be using diagram 1 in the back of your workbook. You will use
this diagram throughout the lesson.

You will be required to troubleshoot this diagram at the completion of
this lesson. Open your book to this diagram; also open the workbook to page
3.

After the purpose of the components are explained, you will be required
to respond in this workbook. If your response is incorrect, you should review
the material or ask the classroom instructor for assistance.

Supersedes C3ABR42331-WB-204, 29 March 1983.

OPR: 3370 TUTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P 300; DAV 1
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Section 1. PURPOSE OF COMPONENT,

Let's start by locating the Pressure Regulator and Shutoff Valve in
the right center of Diagram 1. This valve serves as a shutoff valve and

a pressure regulator. When closed, it stops airflow, and when open, it

regulates air pressure (at 106 psi) going through the equipment air

conditioning system. The solenoid on this valve is energized automatically
whenever electrical power and air pressure are applied to the aircraft.
Any time the system goes into an overheat condition, this valve is
automatically closed by the temperature limiter switch.

On the top center to the right of Diwam 1, locate the landing gear
control switch, the ground cooling ejector shutoff valve, and the landing
gear auxiliary relay. You should recall that the ground cooling ejector
shutoff valve opens to allow bleed air to flow through the ground cooling
ejector nozzles when the aircraft is on the ground.

Look at the landing gear control switch, this is mounted on the landing

gear handle. When the landing gear handle is placed to the gear do position,

the landing gear control switch completes a circuit to the landing auxiliary

relay, pulling the contacts down and openiu6 the ground cooling ejector

valve. When the lan4ine gear handle is placed to the gear up position, the

landing gear control switch breaks the circuit, and deenergizes the landing

gear auxiliary relay, moving the contacts up and the ground cooling ejector

shutoff valve will close.

Complete statements 1 through 6. Purpose of components.

Using the Diagram at the back of the workbook and the information given,

fill in the blanks to complete the following statements.

1. When electrical power is applied to the aircraft, the bleed air pressure

regulator and shutoff valve solenoid is
(energized/deenergized).

2. The solenoid on the bleed air pressure regulator and shutoff valve

requires volts DC for operation.

3. The ground cooling ejector shutoff valve w:111 open when the landing gear

handle is in the position.

4. The landing gear control switch is mounted on the

5. The ground cooling ejector shutoff valve requires
volts DC to operate.

6. The landing gear auxiliary relay is energized when the landing gear

handle is in the position.

3
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On Diagram 1, locate the temperature control assembly, the turbine
bypass valve, and the inlet air temperature sensor. These units function
together to automatically control the conditioned air temperature. When
the temperature of the negative coefficient sensor changes, it directs a
signal to the temperature control assembly, the temperature control
assembly then directs a 28 volt DC signal to the open or closed side of the
turbine bypass valve.

Locate the altitude pressure switch. Thir unit senses a difference of
atmospheric pressure between two altitudes, above 25,000 feet, and below
25,000 feet. Whenever the aircraft is below 25,000 feet, the temperature is
increased to 85 degrees F to prevent moisture from accumulating on the

equipment. Whenever the aircraft is above 25,000 feet the temperature is
decreased to 40 degrees F because there is less moisture content in the
atmosphere.

Complete statements 7 thru 15.

7. The temperature sensor has a (negative/positive)

coefficient of resistance.

8. An increase in air temperature will cause the temperature sensor

resistance to

9. The turbine bypass valve is operated by a volt DC motor.

10. The voltage requirements fot operation of the temperature control assembly

are and

11. The temperature control assembly contains amplifiers

and transistors.

12. The resistant- tal from the temperature sensor is sent to the

13. When the aircraft goes above 25,000 feet, the equipment system temperature

is by the switch.

14. The reason that a higher temperature is maintained in the equipment

compartments below 25,000 feet is due to the in the air.

15. The altitude pressure switch senses pressure.
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On Diagram 1, locate the temperature limiter switch, the inlet air
temperature limiter, and the radar CNI cooling off lights. The inlet air
temperature limiter and the temperature limiter switch work together to
shutoff the air conditioning system by deenergizing the pressure regulator
and shutoff valve solenoid, and to warn the pilots in case of an overheat
condition by turning on the CNI cooling off warning lights. Also locite
the pilot's reset switches. These switches are used to reset the system
after an overheat condition.

Look at the temperature limiter switch. The temperature limiter switch
i3 a latch type relay with a latching coil and a reset coil. The inlet air
temperature limiter is a normally open thermoswitch that closes at 150
degrees F. When the inlet air temperature limiter closes due to an overheat
condition at 150 degrees F, it completes the circuit to energize the latch
coil, thus pulling the contacts down. When the temperature drops below
150 degrees F, the latch coil relay will deenergize. The system must he
reset manually by the reset switches. Pressing the reset switches will
energize the reset coil; when the top or reset coil is energized, it sets
up an opposing magnetic field which forces the contacts up. When the coils
are deenergized, the contact levers are held in there position by an
over-center spring. This means that when the contacts are pulled to one
position they stay in that position until the opposing magnetic field forces
it to the opposite position.

Note: The reset coil must be deenergized before the latch coil can
force the contacts down. Also the latch must be deenergized before
the reset Lcil can force the contact levers up.

Complete statements 16 thru 19.

16. When the latch coil is energized, the temperature limiter switch causes

the pressure regulator and sh,Itoff valve solenoid to
(energize/deenergize).

17. The units that make up the overheat warning circuits are the temperature

, temperature

lights.

and the

warning

18. After an overheat condition has occurred, it is necessary to press one

of the
conditioning system.

switches in order to restart the air

19. The inlet air temperature limiter is a normally
thermoswitch.

5



Statement:, 20 thru 29 in the workbook pertains to all of the

components on the diagram. This is your chance to check your

understanding of the system. Complete statements 20 thru 29.

20. When electricll power is applied to the aircraft, the solenoid on

the pressure regulator and shutoff valve is .

21. The ground cooling ejector shutoff valve is controlled by the

22. When the aircraft 1.,; below 2' 000 feet, the temperature is maintained

at degrees F.

23. The conditioned air temperature is sensed by the

24. The two different temperature ranges are controlled by the

25. When the temperature the sensor resistance

will decrease.

26. During flight, if the equipment system conditioned it temperature

exceeds 150 degrees F, (overheats), the pressure regulator and

shutoff valve will be

27. The purpose of the RADAR CNI COOL OFF lights is to inform the

pilot of an

28. An overheat condition is detected by the

29. The latch Loll of the inlet air temperature limiter is energized

when the system

HAVE YOUR INSTRUCTOR CHECK YOUR ANSWERS.
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Section 2. SYSTEM OPERtrION

At this point, you will start tracing the electrical circuits used for
operation of the equipment air conditioning system. You will start by
tracing the power circuits, the landing gear circuits, then '2ontinue to the
overheat circuit, reset circuit, and then to the temperature control circuit.
You will trace each of these circuits on a small diagram such as shown in
figure 1. Tiien you will be required to complete several statements pertaining
to that circuit. After completion of the lesson, you should have all circuits
traced on Diagram 1.

When tracing circuits to the components, we will trace from the circuit
breaker to the components ground. This is not necessarily the way current
flows, buc it is the easiest way to follow the path of current flow. AS you
trace each circuit, be etr-e to consider the effect that an open or short would
have on the system, as you will be required to accomplish the performance
exercise at the end of the lesson.

1649



The diagram in figure 1 contains the circuits that are energized
when power is applied to the aircraft. Use your red pencil and trace
from the 115V AC equipment cooling circuit breaker to pin E of the
temperature ccntrol assembly. This provides AC power to the magnetic

amplifier.

Locate the 28V DC Landing Gear circuit breaker. Trace from this

circuit breaker to pin B of the landing gear control switch. If T.:e have

*he aircraft on the ground, the contacts will be in the gear down position.
Trace through the switch, out pin C to pin Y of the landing gear auxiliary
relay, then trace through the relay to ground. This energizes the relay,

pulling the contacts down. If the aircraft is in the gear up position, you
will have power up to pin B of the landing gear control switch; but with
the contact broken, there will be no current flow to pin Y of the landing
gear auxiliary relay. This allows the contact lever to go up and the ground

cooling ejector shutoff valve will close. Go back to the 28V DC equipment

cooling circuit breaker. Trace from this circuit breaker to junction point
D. Then trace the circuit to the right and put a voltage potential at the
pilot's reset switches. Return to junction D and trace to junction E.
Trace the circuit to the left, to pin L on the temperature control assembly.
This supplies DC power to the HOT and COLD transistors.

Now trace to the right to point F. From this point, trace down to the

contacts of the inlet air temperature limiter. Current cannot go through
the temperature limiter becaLse it is a normally open thermoswitch. Here we

have only a voltage potential. Return to point F and trace up to point G
then to contact C2 of the temperature limiter switch. Trace through the
contact and out No2 to pin A of the pressure regulator and shutoff valve.
Trace through the solenoid to ground. This energizes the solenoid and the
valve will open.

Go back to point G and trace up to pin R of the landing gear auxiliary
relay. As you remember, when the gear is up the contact of the landing gear
auxiliary relay is up, and this allows the current to flow to the closed side
of the valve; when the gear is down this energizes the landing gear auxiliary
relay, and pulls the contact down allowing the current to flow to the open

side of the valve. This will allow bleed air to flow through the ejector
nozzles for more efficient ground cooling. Since we have the landing gear
relay energized and the contact levers do7n, trace from pin P to pin P and
out to pin A of the ground cooling ejector valve and out to ground.

Locate the warning light circuit breaker. Trace from here to point H

then to the temperature limiter switch to C3. Trace into the switch contacts
and stop. Go back to point H and trace down to pin C4 and into the contacts.
This puts a voltage potential to the contacts of the temperature limiter
switch. When an overheat condition occurs, current will flow from these
contacts to the overhea'. warning lights.
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Circle the correct answers to statement 1 thru 4, then referring to
Diagram 1, complete statements 5 thru 7. After completing the statements,

trace the power circuits on Diagram 1, with the aircraft on the ground.

1. Ground cooling ejector shutoff valve (open/closed).

2. Landing gear auxiliary relay (energized/deenergized).

3. Pressure regulator and shutoff valve solenoid (energized/deenergized).

4. Temperature limiter switch (energized/deenergized).

Refer to Diagram 1, to complete statements 5 thru 7.

5. An open in wire H53 '0 will cause th
to be !.noperative.

6. An open in wire number G31A20 will cause the

7. An open in wire number H48E20 will cause the

to stay closed.

valve to be inoperative and

also the ground cooling ejector shutoff valve to be

On Diagram 1, use your red pencil and trace in all of tilt circuits that
you just traced on figure 1.
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Refer to figure 2 on page 11. This diagram shows the overheat circuit.
Remember, if the temperature of the air going to the equipment compartments
exceed 150 degrees F, the overheat circuit will turn off the air conditioning
system and turn on the warning lights.

When tracing the power circuits on figure 1, you traced power un to the
inlet air temperature limiter. In an overheat condition, the contacts of the
inlet air temperature limiter will close. The contacts are drawn closed on
figure 2. With the contacts closed, current can flow up to the latch coil,
of the temperature limiter switch.

Using a purple pencil, trace this circuit. Current flow through this
circuit will energize the latch coil, bringing the c....!::tacts down. These
contacts are drawn down. Notice that this opens the circuit to the pressure
regulator and shutoff valve solenoid and also completes the circuits to the
warning lights.

When tracing the power circuits on figure 2, you also traced power up
to the contacts at pins C3, and C4 of the temperature limiter switch. Starting
at pin C3, trace through the contact point and out pin NO3 to the pilot's
warning light. Go back the temperature limter switch at pin C4 and trace
througl, the contact, out pin N04, and up to the radar pilot's warning light.
This turns on the warning lights to inform both pilot's of the overheat
condition.

Complete statements 8 through 12.

8. The inlet air temperature limiter is a normally

9. The inlet air temperature limiter (closes/opens) at

thermoswitch.

10. When the inlet air temperature limiter closes, it energizes the

coil of the temperature limiter switch.

degrees F.

11. An open wire number H68G20 will cause the to be
inoperative.

12. If the air conditioning system is inoperative and both warning lights

'remain on, the trouble is in the

or an open in wire number

or
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When the latch coil is energized, it pulls the contacts down. The
contacts will stay in this position until they are pushed back up by
the reset coil. Notice in figure ., that you have previously traced
power to the pilot's reset switches.

On figure 3, you will notice that when the reset switches are
pressed, the inlet air temperature limiter is deenergized (the system
has .tooled below 150 degrees F) but the contacts are still down.

Let's see how we reset the system. The reset switches are drawn
down on figure 3. Using a purple pencil, trace voltage through either
of the reset switches (wire numbers H67C20 or H67A20) to the pin marked
RST on the temperature limiter switch and through the reset coil to ground.

Current flow through this circuit will energize the reset coil,
throwing the contacts up. This turns off he warning lights and completes
the circuit to energize the pressure regulator and shutoff valve solenoid.
This opens the pressure regulator and shutoff valve and also closes the
ram air valve.

Complete statements 13 and 14.

Refer to figure 3 to complete statements 13 and 14.

13. After an overheat condition, must be pressed
in order to ress-irt the equipment air conditioning system.

14. When either reset switch is pressed, it energizes the coil
of the temperature limiter switch.

Gn Diagram 1, use your purple pencil and trace all of the circuits
that you have just traced on figure 3.

HAVE YOUR INSTRUCTOR CHECK YOUR ANSWERS.

165'/
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Section 3. BRIDGE CIRCUIT OPERATION

Let's go over our coefficient chart, figure 4, and see what happens
above and below 25,000 feet.

Below 25,000 feet, our system is to maintain 85 degrees F, air to the
equipment bays and radar package (see figure 4, section A). At 85 degrees F,
we have a balaaced bridge so the system is at its proper temperature and no
air is called for from the system.

What happens if the temperature increases in the equipment compartments?
If the temperature increases, we can see that the resistance decreases,
unbalancing the bridge circuit and calling for cold air until 85 degrees F
is reached and the system will balance. If there were a decrease in equipment
temperature, the sensor resistance would unbalance, but in the opposite way
that it did when the temperature increased. The air conditioning system would
send air to the equipment bays until 85 degrees F was achieved and once again
the bridge would balance.

The equipment air conditioning system works the same above 25,000 feet,
but instead of maintaining 85 degree air we would maintain 40 degree air
(see figure 4, section B).

1 ,

-1 660
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Let's look at how the Technical Manual explains the Temperature Control
Assembly.

The Temperature Control Assembly if.- a magnetic type amplifier. Changes
in resistance due to changes in temperature of the temperature sensor unbalance
a resistance bridge electrical circuit. This unbalance in the resistance
bridge results in changes in the bridge voltage and this difference is amplified
by the magnetic amplifier. The amplified signal causes a solid state relay
(transistor) to "Turn ON" for a duration dependent upon the error signal and
applies electrical power to the turbine bypass valve.

17 1661
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During this section, while tracing all diagrams, refer to the coefficien
diagram, figure 4, section A for below 25,000 feet and section B for aboie

25,000 feet.

We will start with figure 5. Turn to this diagram in your workbook.

On the blank line, write in balanced bridge and in the parentheses
write in Above and Below.

The block around the sensor indicates the equipment bay temperature.
With your colored pencils color half of the block red and half the block

blue to indicate a proper mixture of temperature. As you know, with the

proper temperature around the sensor, we have a balanced bridge circuit.

Let's follow current flow in a balanced bridge circuit and see what
happens. Draw the Altitude Pressure Switch to the below 25,000 feet
position.

Using an orange pencil, start at the ground, junction point X. Current

will flow equally in two directions, we will go up to the left first. Trace

from ground to pin A, 42P401 to pin A of the sensor, through the sensor
and out nin B, continue to junction point C to the left to pin A, 4P413 of

the Altitude Pressure Switch through the Pressure Switch and out pin C to
pin D, 42P401 then to junction point D, up through Resistor R3 to point E

to the rectifier circuit.

Return to point X, trace up to and through Resistor R7 to point B,
then through Resistor R6 to point E, then to the rectifier circuit

With the circuit drawn as shown, we have equal voltage at the junction
points A & B of the bridge, this means there will be no current flowing
through the magnetic amplifiers and they will not conduct.

Through this action, the system will maintain 85 degree temperature.

19
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Using the same figure 5, and the coefficient diagram, figure 4, we
will trace current flow through this circuit above 25,000 feet. Draw the
Altitude Pressure Switch to above 25,000 feet. Using a yellow pencil,
start at point X and up to pin A, 42P401 and up to pin A, through tLe
sensor and out pin B. Trace up to junction point C to pin C 42P401 to
junction point A of the bridge. Now trace upward through resistor R1 to
junction point D then through resistor R3 to point E co power.

Return to ground and trace up through resistor R7 to point B and then
up through resistor R6 to point E to power.

Again with equal voltage at junctions A & B of the bridge, we will
have no current flow through the Magnetic Amplifiers and again neither
amplifiers will conduct.

With the Altitude Pressure Switch in the Above position we will maintain

40 degrees temperature.

1665
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We will now look at what hatpens when the temperature in the equipment
compartments increases below 25,000 feet.

Using figure 6, on the blank line write in "COLD SIGNAL" and in the
parentheses write in "BELOW" in the block around the sensor, indicating the
temperature in the equipment compartment, using your red pencil color in
the block.

Again using your coefficient chart Section A, we see that the temperature
pas increased and the resistance in the sensor has decreased. Since current
takes the path of least r2sistai.e, it will flow through the sensor. Let's

trace this circuit.

One thing to remember when tracing the remaining circuits, as current
flows through the Magnetic Amplifiers, the first one traced is not energized
(it turns off) and the second one you trace through is energized (turned on).

Using your blue pencil, start at ground point X and trace to pin A,
42P401 to pin A of the sensor, trace through the sensor and out pin B to
point C to pin C 42P401 to point A of the bridge. Now trace to the right
through resistor R2 through point Y to the Hot Magnetic Amplifier. Again

remember this is the first Magnetic Amplifier we will trace through so it
will "Turn OFF;" trace from this to the cold Magnetic Amplifier. The Cold
Magnetic Amplifier is the second Magnetic Amplifier we will trace through so
it will "Turn ON.-

This will allow the system to decrease in temperature until 85 degrees
is reached.

Trace to point B of the bridge and up through Resistor R6 to point E to
power.
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We have traced a balanced bridge and a cold signal below 25,000 feet.
Let's look at how current flows for a hot signal below 25,000 feet.

Look at your coefficient chart, and usiig figure 7 on the blank line
write in HOT SIGNAL and in the parentheses, write in BELOW. We now have a
low temperature in the equipment bay, so color the block around the
sensor Blue to indicate this temperature.

Let's trace this circuit.

Using a green pencil, start at point X. Again, because of the high
sensor resistance, current will flow up to tb right through resistor R7 to
point B, from here will flow tc the left, first th:onti the Cold Magnetic
Amplifier (turning it OFF) then thiuugh the Not Magnetic plifier (Turning
it ON) tc point Y, from point Y through resistor R2 to T A, down to pin C
of 42P401 to point C to the left to pin A or the Altitm. Piesstre Switch.
Since we are below 25,000 feet, draw the contact to the below position to
pin C of 4P413. Continue to trace through to pin D of 42P401 and continue
on to point D, then up through resistor R3 to point E to power.

Since we turned the Not Magnetic Amplifier ON, we will get hot air from
the system until we reach 85 degrees F, once again balaixing the bridge.

1671
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We have seen how current slows when the bridge is balanced in the
above or below position. We have also traced current flow for our Hot
and Cold signals in the below 25,000 feet position and saw how we
maintain 85 degrees F air.

We also know that while tracing current flow in the automatic equipment
temperature control bridge that the first magnetic amplifier we trace
through will "Turn OFF" and the second one we trace through will "Turn ON."
Another item to remember is if the resistance in the sensor decreases,
current will flow through the sensor, and if the resistance in the sensor
increases, current will not flow through the sensor.

We are now going to look at what happens when the aircraft ascends
above 25,000 fe't. From our previous text we know that we maintain a 40
degree F temperature because of the moisture factor.

Let's see how our system responds above 25,000 feet.

1672
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Using figure 8 and section B of your coefficient chart, figure 4,
let's trace current flow for a Cold signal, above 25,000 feet.

First, on the blank line, write in "Cold Signal" and in the parentheses

write in "Above."

Using your red pencil, color the box around the sensor to indicate an
increase in equipment bay temperature which gives us a low sensor resistance.

Now using your blue colored pencil, start at point X (ground), trace to
pin A of 42P401 to pin A of the sensor, trace through the sensor and out to
pin B, to point C. Trace to the left to pin A of 4P413 of the Altitude

Pressure Switch. Draw the contact to the Above position. Continue tracing
through the Altitude Pressure Switch, out pin B to pin G of 42P401 and on to

point Y. Now to the right to the Hot Magnetic Amplifier (Turning it OFF)
then to the Cold Magnetic Amplifier (Turning it ON). Trace on to point B, up

to and through resistor R6 to point E to power.

When the Cold Magnetic Amplifier conducts, it allows the turbine bypass
valve to run cold until we reach a temperature of 40 degrees F and balancing

the bridge.
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This will be the last of our Basic Bridge circuits.

Using figure 9 acid section B of your coefficient chart, figure 4,
let's trace current flow for a Ho, Signal, Above 25,000 feet.

First, on the blank line write in "Hot Signal" and in the parentheses
write in "Above."

Using your blue pencil, color in the block around the sensor to
indicate a decrease in equipment bay temperature, which gives us a high
sensor resistance. (Now remember, with a high resistance, current
will not flow through the sensor.)

Now, using your green pencil, start at point X, trace up through
resistor R7 to point B, then to the left through the Cold Magnetic Amplifier
(Turning if OFF) then through the Hot Magnetic Amplifier (Turning it ON)
then to point Y. Now trace down and to the left to pin G of 42P401 to
pin B of the Altitude Pressure Switch and up to pin A. Now trace to point
C, and up to pin C of ,2P40i to point A. Continue through resistors R1
and R3 to point E up to power.

When the Hot Magnetic Amplifier conducts, this allows the Turbine
Bypass Valve to run Hot until we reach a 40 degree temperature, and once
again balancing the bridge.
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We have seen how our basic bridge circuit works in the Above and
Below 25,000 feet position with both cur Hot and Cold signals.

Turn now to figure 10 on page 30.

As you can see on this diagram, we have basically ele same diagram
that we have already traced, with the addition of the Hot and Cold
transistors, next to the respective Magnetic Amplifier, we have also
included the turbine bypass valve.

You can also see that when using any one of the basic bridge diagrams,
current flow will energize either the Hot or Cold Magnetic Amplifiers.
When the Magnetic Amplifier is "Turn ON" it will in turn "Turn ON" the
respective transistor. For example, look back to figure 8, (you can
do this with any of the basic bridge diagrams). You remember, that as
temperature goes up, resistance goes down. Current will now flow through
the sensor and through the magnetic amplifiers, energizing the Cold

With this magnetic amplifier energized, this allows the Cold transistor
to conduct. Remember that both the Hot and Cold transistors have 28V DC
waiting to be used. Now with the Cold transistor conducting, this allows
that 28V DC to flow to the Cold side of the turbine bypass valve. The valve
will run to the Cold position until the proper temperature is achieved.

! 681

31



We have traced the landing gear, reset, overheat, and the automatic

temperature control circuits.

We have already traced normal system operation. We, as Aircraft

Environmental System Mechanics not only must know how a system works but

also how to detect malfunctions and their causes.

In this section, we will analyze the malfunctioning system and isolate

the problem for repair. We will take one problem per system (landing gear,

reset, etc) and after we go through the troubles, you will be required to

do the performance exercises at the end of each frame.

After completion of the Performance Exercises, you will be required
to do the performance test at the back of the workbook.

16 co(.... 4.,
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PERFORMANCE EXERCISE

Listed on pages 33 '.rough 40 are 14 questions pertaining to the
wiring diagram you have just completed. Follow the directions for each

part.

If we put the landing gear handle in the gear down position, and the
ground cooling ejector shutoff valve remained in the closed position, what
would be the probable cause?

We knew that when the landing gear handle is in the gear down position,
it allows power to the landing gear auxiliary relay which pulls the contact
lever down and the ground cooling ejector shutoff valve opens for ground
cooling.

Tf wire #G31A20 were open, see Diagram 1, we can see that we would not
have any voltage potential at the landing gear auxiliary relay. With no

power at the relay, the contact lever would remain up. This would allow

the valve to stay in the closed position.

Complete statements 1 and 2.

1. An open in wire #H61B20 would cause the ground cooling ejector shutoff

valve to (open/close).

2. If the landing gear control switch were shorted, the ground cooling
ejector shutoff valve would be (open/closed).
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We know that when the equipment air conditioning system overheats,

the temperature limiter makes contact and energizes the latch relay.

This in turn pulls the three contact levers down in the temperature

limiter switch.

You can see that a malfunction in the overheat circuit would have

serious consequences.

If we had an open in wire number H48D20, see diagram 1, we can see

that we would not get power through the temperature limiter even in an

overheat condition. With an open in this wire, the system would overheat,

the limiter would latch, but the latch coil in the temperature limiter

switch would not energize and the contacts would stay in the up position.

With this, the pressure regulator and shutoff valve would not deenergize,

the warning lights would not come on and the system would continue to

overheat. We could damage the equipment (radar, air data computers, etc)

due to high temperature.

Complete statements 3 and 4.

3. If the equipment air conditioning system shows an overheat condition

when power is applied to the aircraft, the probable cause could be an

(open/shorted) inlet air temperature limiter.

4. The equipment air conditioning system overheats, but the latch relay

does not engergize. Which three wires could cause this indication?

(Wires or )

16S,1
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We now know that when the equipment air conditioning system overheats,

the system shuts down and the warning lights come on. After an overheat

condition, the pilot or radar pilot must be able to reset the system to

continua his mission, but he cannot continue his mis'..ion i: the equipment

system will not reset.

Let's look at an open wire in the reset system and what aff A it would

have on the s..- tem.

We know ,..nat after an overheat, the pilot or radar pilot must press a

reset butt-,n. This allows power to flow from the equipment cooling 28V DC

cJ_Luit breaker, through the reset switches (eitl.er one) to the reset relay

to ground.

If we hnd an open in wire number H67A20, we can see tha_ this would not

allow power to the reset relay and would not allow the system to reset.

If the pilot or tha radar pilot cannot reset the system, there will be no

air going to the equipment air cond!.,-oning system because there would be no

power o the pressure regulator and shutoff valve and it would be deenergized

closed.

Complete statements 5 and 6.

5. If we had an open in wire number H481,20, which reset switch(s) would be

inoperative? (Pilot's/Rae.ar Pilot's/Both)

6. If we had an open in wire number H67C20, which reset switch(s) would be

inoperative? (Pilot's/Radar Pilot's/iJoth)



We have looked at how we can detect malfunctions in the ground cooling,
overheat and reset circuits, but what about the temperature control circuits?

The temperature control on the equipment air conditioning syste,, is,

as we know fully automatic. We also know that to make this system work

correctly, we must have a proper resistance/temperature ratio.

You have to understand that in our bridge circuit we have a balance
or an imbalance of resistance to maintain our required temperature. For

example, a balanced bridge circuit would be one with a proper resistance/
temperature ratio (85 degree F or 40 degree F above).

If the temperature increases around the sensor, (see figure 6) the
resistance in that sensor would decrease; we now have a high temperature-

low resistance or an imbalance in the bridge. With thtc imbalance, the
ccld magnetic amplifier will conduct and we will receive cold air from the
turbine bypass valve until we achieve the proper temperature and resistance
desired (85 below or 40 above). The equipment air conditioning system is

constantly balancing or unbalancing to maintain our temperature.

Complete statemen*s 7 and 8.

Circle correct ?oswer.

7. With the aircraft below 25,000 feet and an equipment bay temperature of
85 degrees F, we will have a (balance/unbalance) in our bridge circuit.

8. With the aircraft below 25,000 feet, an equipment bay temperature of
86 degrees F and the turbine bypass valve running cold, we will have a
(balance/unbalance), in our bridge circuit.
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In our equipment air conditioning system, we can see that it takes a
constant balance or imbalance to keep our system functioning at its
proper temperature.

What happens if we have a constant imbalance in the system?

Let's look at what will happen to our system when we have an open in
one of our wires to or from the sensor or in the sensor itself, (see figure
11).

We know that if we have an open in a circuit we will have a constant
high resistance, (it will read infinity on the multimeter). With this
constant high resistance, current will flow as indicated by the heavy line
(in figure 11). The bridge circuit will be at a constant imbalance. We can
see from the diagram that if we have a high resistance in the sensor circuit
it will cause the hot magnetic amplifier to conduct. We know that when the
magnetic amplifier cov.ducts it will allow voltage to flow through the
corresponding transistor, which in turn allows the valve to run hot.

If we have a Full High resistance, it will conduct the hot magnetic
amplifier All Of Tly. Time and the valve will run Full Hot:

Complete statements 9 and 10.

Circle the correct answer.

9. An open in any circuit will read (high/low) resistance on a multimeter.

III10. An open in a wire to the sensor will cause the turbine bypass valve to
travel full (hot/cold).

1678 7



MAG AMPS

OPEN TEMPERATURE SENSOR
(FULL HIGH RESISTANCE)

Figure 11.

MAG AMPS

SHORTED TEMPERATURE SENSOR

(FULL LOW RESISTANCE)

Figure 12.
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We know that an open in our sensor circuit will cause a full hut,

but what happens with a shorted sensor?

Remember that with a short, we will have a constant low resistance

(it will read 0 on the multimeter). With this constant low resistance,

current will flow as indicated by the heavy line (figure 12), the bridge

circuit will be at a constant imbalance, but this time it will unbalance

in the opposite direction. We can see from the diagram that if we have a
low resistance in the sensor circuit it will cruse the cold magnetic amplifier

to conduct. We know that when the magnetic amplifiers conduct they allow
current to flow through the corresponding transis'or, which in turn allows

the valve to run cold.

If we have a Full Low resistance it will conduct the cold magnetic
amplifier ALL OF THE TIME and the turbine bypass valve will run FULL COLD.

Complete statements 11 and 12.

Circle the correct answer.

11. A short in any circuit will read a (low/high) resistance on a multimeter.

12. A short in the wires to the sensor will cause the turbine bypass valve to

travel full (hot/cold).

1689
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We now know that with a Full High or Low resistance we will get a
Full Hot or Full Cold signal (respectively) to the Turbine Bypass Valve.

What would happen if the Hot or Cold Magnetic Amplifier conducted but
the valve did not open or close? This would be a NO HOT or NO COLD.

This could be caused by an open between the Hot or Cold Transistors

and the Turbine Bypass Valve. See Diagram 1.

NOTE TO REMEMBER

Keep in mind, there is a distinct difference between a FULL hot and a

NO cold or a FULL cold and a NO hot.

Remember, any time you have a Full Hot or a Full Cold you will have an

open or a short (respectively) in the bridge circuit (Sensor, Controller, or the

wires connecting the two).

Any time you have - NO Hot or a NO Cold, you will have an open in the

valve or the wires to tue valve.

Complete staterhants 13 through 14. Circle the correct answer.

13. An open in the sensor would give the system (Full/NO) (Hot /Cold).

14. A shorted sensor would give the system a (Full/NO) (Hot/Cold).

HAVE YOUR INSTRUCTOR CHECK YOUR ANSWERS.

1690
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PERFORMANCE TEST

Note: Use Diagram 1 to complete the responses for the 10 discrepancies

listed below. You must achieve 80 of the 100 points. Each answer

is worth 4 points.

# TROUBLE CAUSE

When the Landing Gear Handle in the
1. GEAR DOWN position, the ground

cooling ejector valve will not
open, but will close.

Open wire numbers, ,

When the equipment air conditioning
system temperature exceeds 150°F,

2. the pressure regulator and shutoff
valve closes, but the warning light

do not come on.

Open wire number .

The turbine bypass valve is
inoperative, the pressure
regulator and shutoff valve
operates normally.

Open wire numbers ,

.

After an overheat conditicn the
4. system cannot be reset, by the

pilot.

Open wire numbers .

With the engines operating
there is no airflow through

5. the equipment air conditioning
system. All other valves

operate normally.

Open wire numbers ,

.

I 6. The turbine bypass valve runs to

the Full Hot position.

Sensor (Open/Shorted) (Open/Shorted
wires ,

7. The turbine bypass valve runs to

the Full Cold position.

Sensor (Open/Shorted)(Open/Shorted)
wires ,

8. The turbine bypass valve will not Open wire number .

go Hot.

The equipment air conditioning
temperature exceeds 150°F, but

9. the pressure regulator and shutoff
valve will no, deenergize and the
warning lights do not come on.

Open wire numbers ,

,

10. The turbine bypass valve will nor Open wire number .

go Cold.
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Environmental/Pneudraulics Branch
Chanute AFB, Illinois C3ABR42331 -SG -204

TEST

42331-SG-204
26 April 1984

FIGHTER EQUIPMENT COOLING SYSTEM

OBJECTIVE

Relate a minimum of E out of 10 equipment cooling system components
to their operation.

INFORMATION

The equipment cooling system is used for just what the name implies -
cooling equipment. This is accomplished either by free convection or 'y
forced air cooling. Let's talk about the forced air method first.

Some components generate excessive amounts of heat during operation.
These components must be forced air cooled. Forced air cooling is
accomplished by forcing cold air through ducts leading directly into the
components. This air will range in temperatures of 0°F to 35°F.

The size of the component will det2rmine the amount of air going
into the component. With a temperature of 35 °f going into the component,
and with the amount of heat generated by this component, discharge
temperature of the air coming out of the component should be maintained
at 140°F. This is a 105° temperature increase.

A temperature of 140°F is maintained by the electronic cooling
sensor/controller and the electronic cooling modulating valve. (This
valve is controlled by the sensor/controller.) The electronic sensor/
controller is mounted to the cooling air supply duct and receives a
"sample" portion of the cooling air going through the duct. Inside the
sensor controller is a heating element, valve control sensor, low flow
sensor, and an overheat sensor. As the "sample" portion of the air goes
into the sensor/controller it is heated by the heatinvelement. This
heating element simulates the heat load of the equipment. After being
heated, the air passes over the two sensors.

The valve control sensor senses the temperature of the heated air.
Remember, we are trying to maintain a discharge temperature of 140°F.
If the discharge temperature is too high (over 140°F) the valve control
sensor will sense the higher temperature and send a signal to the
electronic cooling modulating valve. This will cause the modulating valve
to open a few degrees. By opening the valve a few degrees, you are going
to increase the flow of air through the cooling air supply duct. This

will also increase the amount of air going across the heating element.
With an increase in the air flow across the heating element, the temperature
of the discharge air will decrease.

GPR: 3370 TCHTG
DISTRIBUTION: X

3370 TCHTG/TTGU-P 350; DAV - 1

Designed for ATC Course Use. Do Not Use on the Job.
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Now what happens if the temperature decreases too much (below 140°F)?
If this happens, the valve control sensor will sense the decrease and
once again send a signal to the modulating valve. This signal will

cause the valve to close a few degrees.

By closing the modulating valve a few degrees, you are going to
decrease the amount of air flow going through the supply duct and also
decrease the amount of air going across the heating element.

With a decrease in the flow of air going across the heating element,

the discharge temperature will increase.

Remember, the valve control sensor controls the opening and closing

of the valve.

After the "sample" portion of the cooling air supply has passed
over the heating element and the valve control sensor, it goes over the

low flow sensor.

The low flow sensor senses the tr.lerature of the discharge air also.
Its purpose is to detect a low flow of air going through the supply duct.
Don't forget, the sensor/controller senses a "sample" portion of the
same air that is going through the col.ing air duct. The more air flow

going through the duct, the more air flow goes through the sensor /controller.

So, if the low flow sensor detects a low flow of air, what is going
to happen to the temperature of the air going through the sensor controller.

The slower the air flow going across the heating element, the more

time it will have to heat up the air.

Now, if the temperature of the air goes above 140°F, the modulating

valve is supposed to open. This will increase the flow of air going across

the heating element. By increasing the flow of air across the heating

element, you should decrease the discharge temperature of the air.

But what if the discharge temperature continued to increase? The

discharge temperature is supposed to be maintained at 140°F.

If the temperature of the discharge air rises to 155°F or more,

you have an overheat situation.

This overheat is basically saying that you do not have enough air

going through the system (low flow).

If the temperature does reach a 155°F, the low flow sensor will send

a signal to energize the environmental control relay. This will pull an

armature down, completing a power circuit to the "equipment hot" light.

You should keep in mind that there are only two ways to get an

overheat light.

1. Excessive temperature

2. Insufficient airflow 1697
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Anytime an equipment hot light comes on, There are several things

the pilot can do.

1. He can increase engine power setting, which will increase the
air source volume and pressure.

2. He can turn off all nonessential equipment. This will reduce
the equipment heat load.

3. The pilot can position the defog lever to the 3/4 forward
position. Because of the size of the defog nozzle a back pressure will
be created, making more air available to the equipment.

One of the biggest uses of cooling air is the radar. Anytime an
equipment hot light comes on, power to the radar transmitter is
automatically cut.

Now, lets talk about the free convection method of cooling.

This method is used where there is not as much 'eat generated among
the components.

Cold air for the free convection method of cooling is tapped off of
the cooling turbine (expansion side).

After being tapped off of the turbine, it travels up to the cold
air shutoff valve.

The cold air shutoff valve is controlled by the cold air thermostatic
valve.

The cold air thermostatic valve is a liquid-charged bellows type
thermostat. The bellows will expand or contract depending upon the
temperature.

At a temperature of 140°F to 150°F, at 14.7 psia the bellows will
expand, opening the servo airport and sending air to the open side of the
shutoff valve.

At an atmospheric pressure of 1.69 psia, (this is equivalent to
50,000 ft altitude) the bellows will open at a temperature of 90°-100°F.

The reason for the low temperature (90°-100°F) at this altitude is
that the bellows has already expanded due to low outside temperature and
pressure. So it will not take as much temperature to expand the bellows
at high altitudes.

Also, on the cold air thermostat you will find a "press-to-test"
button. This provides a way for you to test the operation of the cold
air shutoff valve (open/close movement).

By pushing the button, you will be sending servo air straight to the
cold air shutoff valve, causing it to open. Remember, it is spring-loaded
closed.

Releasing the button will stop the servo air, allowing the valve to
close. 3
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EQUIPMENT COOLING TESTER INTERFACE

To pr,p;,rly troubleshoot the equipment cooling system, you must
rirst know how to us, the EuS tester.

The TO will, of course, explain step-by-step procedures for
troup1:-shooting the equipment system. It will also tell you what
,e---1,n1r1 test you must perform and how to set up the tester.

,,c, e if you can set up the tester as specified by the TO, do
,,, know q1-1--. is taking place?

Let's go over some of the different tests and find out what is
taking place.

Fin.-- .ie avionic cooling knob.

By placing the avionic cooling knob in the "Norm" posit' , you
will be taking a voltage reading from the equipment cooling co,:rol valve
(voltage going into the valve). This reading will be displayed on the
multimeter display on the tester.

The controller output will vary from zero volts (valve full open)
to 25 ma (valve full closed). During normal ground operation the valve
should be near full open. This would give a altimeter display reading
of from zero to 8 volts.

Another position of the avionic cooling knob is the "Hi-temp"
position.

In the hi-temp position you -'11 once 2gain be taking a reading of
the voltage going to th2 valve motor of the equipment cooling control
valve.

At the same time it will .ie 2 17 Kohen resistor into the water
separator anti-ice circuit. This resistor will create a high resistance,
making the water separator anti -ice sensor /controller think the system too
cold. The sensor/controller will signal for hot air. By signaling for
hot air, the temperature of the air going to the equipm-mt will increase.
Voltage to tie equipment cooling, valve will decrease as the valve spring-
loads open, increasing the flow of air into the system.

The avionic cooling knob can also be placed in the "open" or "closed"
position. (Both positions will be discussed separately.)

First, we will talk about the "close" position.

When in the "close." position, you are checking the closing of the
equipment cooling modulating valve and also the ov.rheat circuit.

By placing the avionic cooling knob in the "close" position, and by
holding the valve close switch in the "avionic clg" position you will
complete a circuit going to the equipment cooling modulating valve. This

will send 28 VDC power to the valve causing it to go to the almost full

close position. (It will never fully close.)

4
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,) Lul.ty closing the valve, you '..ill decrease the amount of
aim flow going through the cooling air supply duct. What is going to
happer when air flow decreases? Is this going to have any effect on the
discharge temperature of the "sample" air going through the electronic
cooling sensor/coatroller? You should remember from the equipment cooling
section that when air flow through the cooling air duct decrease3, then
'he air flow through the sensor/controller is going to slow down. That
means the heating element will be able to increase the amount of aie
that it can heat. This, of course, will increase the temperatureof the
discharge air.

Approximately 15-50 seconds after the equipment cooling valve closes,
the equipment hot light on the pilot caution light panel and the equipment
hot light on the tester should come on indicating an overheat (155'F).
You should also notice a pressure drop at T.P. 50 because of the equipment
cooling valve going to the near full close position.

In the "open" position you are basically checking the opening of the
equipment cooling valve.

This is dons: by placing the avionic cooling knob it the "open"
position.

When the avionic knob is placed in the "open" position, you are
completing a circuit from the sensor/controller going directly to a ground.

This will allow power to take the path of least resistance, instead
of power going from the sensor /controller to the valve, it will go directly
to the ground. This will allow the valve to sp-ing-load to the open
position, increasing air flow and pressure into the system. This can be
confirmed by monitoring the pressure readout of T.P. 50.

A
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Environmental Pneudraulics Branch C3ABR42331-WB-203A
Chanute AFB,

EQUIPMENT AIR CONDITIONING SYSTEM TROUBLESHOOTING

OBJECTIVE

Using a multimeter and wiring diagram, troubleshoot the equipment
air conditioning system trainer, locating 3 out of 4 troubles correctly.

EQUIPMENT

Trainer 3305, Fighter Air Conditioning
Multimeter, AN/PSM 37A

PROCEDURE

1. Be sure all your jewelry is removed. Report to the lab
instructor. Tell him the lesson on which yo.. are working. The
instructor will assign you to a trainer and give you the necessary
materials.

2. This workbook is in two sections, Section 1 is to
familiarize you with the location and operation of the components
of the equipment air conditioning system. Section 2 gives the
steps you will use to make an operational check of the system and
also lists the malfunctions that you are to troubleshoot. Do each
step as directed.

Section 1. EQUIPMENT AIR CONDITIONING SYSTEM COMPDXENTS

1. Location and Identification of the System Components.

a. Use figure 1 to locata catch of the numbered items on
the trainer, Write the name of sack of the numbered components in
the spaces following. As you locate each item, notice the electrical
checkpoints next to them. These checkpoints ate used for checking
the electrical circuitry when troubleshooting.

Supersedes C3ABR42331-WB-203A, 9 Februar 1983.
OPR: 3370 TCHTG
DISTRIBUTION: X
3370 TCHTG/TTGU-P - 300; DAV - 1
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;1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Check your responses with the answers on page 11.

b. Locate the following items on the trainer.

(1) Radar cooling reset buttons.

(2) Radar CNI COOLING OFF lights.

(3) Warning light circuit breaker.

(4) Landing gear circuit breaker.

(5) Equipment cooling 115V AC circuit breaker.

(6) Equipment cooling 28V DC circuit breaker.

(7) Temperature sensor simulator rheostat.

(8) Temperature limiter simulat r switch.

(9) Altitude pressure switch simulator.

Note: On the trainer Simulator Control Panel there is a guarded
switch next to a rheostat. You will use this switch and a
multimeter when checking the resistance of the sensor.

When the switch is in the NORMAL position, the temperature
sensor is in Cie circuit and is controlling system temperature.
During troubleshooting if you want to chlck the actual sensor
circuit, you must have this switch in the NORMAL position.

When the switch is in the TEST position, the temperature sensor
is not in the circuit; the simulating rheostat is 1 the circuit. It
is used to simulate sensor resistance changes for checking the p-oper
operation of the temperature control assembly and the turbine bypass
valve.

1703
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2. Trainer Preparation.

a. Place all trouble switches to the OUT position. These
switches are located at the left side of the trainer.

b. Push in the following circuit breakers:

(1) Landing Gear 28V DC.
ce.

(2) Equipment Cooling 28V DC.

(3) Equipment Cooling 115V AC 400 Hz.

(4) Warning Lights 14/28V AC.

c. Place the landing gear handle in the GEAR DOWN position.

d. Place the sensor simulator switch to the NORMAL position.

e. Ensure that the altitude pressure switch is set to above
25,000 feet.

f. Place the trainer power switches to the ON position.
These switches are located on the left side of the trainer.

3. Trainer Operation.

By following the steps listed below, you will operate each
component of the equipment air conditioning system. Whenever a switch
or lever is used, be sure to notice which of the valves operated and
position of the valve after it has stopped. From your observation
of the trainer operation, complete each of the statements by circling
the correct word.

STEP 1. Bleed air pressure regulator and shutoff valve and ram
air valve operation.

a. Pull the equipment cooling 28V DC circuit breaker out.

(1) The pressure regu? -r and shutoff valve
(opens /closes).

(2) The ram air valve (opens/closes).

b. Push the equipment cooling 28V DC circuit breaker in.

(1) The pressure regulator and shutoff valve
(opIns/closes).

(2) The ram air valve (opens/closes).

STEP 2. Ground cooling ejector shutoff valve operation.

a. Place the landing gear handle in the GEAR UP position.

5
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(opens/closes).

b.

position.

(opens/closes).

STEP 3.

operation.

(1) The ground cooling ejector shutoff valve

Place the landing gear handle in the GEAR DOWN

(1) The ground cooling ejector shutoff valve

Temperature control system (turbine bypass valve)

a. Since this system is completely automatic, you will
have to simulate temperature changes in the duct. This is done ty
using the sensor simulating rheostat. Turn the sensor simulating
rheostat clockwise to the full cold position. Place the guarded
selector switch to the TEST position.

(1) The turbine bypass valve (opens/closes).

b. Turn the sensor rheostat counterclockwise to the
full Hot position.

(1) The turbine bypass valve (opens/closes).

c. Return switch to normal position.

STEP 4. Temperature limiter operation.

a. Place the temperature limiter simulator switch to the
OVERHEAT position.

(opens/closes).
(1) The pressure regulator and shutoff valve

(2) The ram air valve (opens/closes).

(3) The CNI COOLING OFF warning light- are (on/off).

b. Place the temperature limiter simulator switch to the
normal position. Did the pressure regulator and shutoff valve or the
ram air valve operate? (Yes/No).

c. Press either reset button.

(opens/closes).
(1) The pressure regulator and shutoff valve

(2) The ram air valve (opens/closes).

(3) The CNI COOLING OFF lights are (on/off).

d. Check your responses with answers on page 11.
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4. Sensor Resistance.

Caution: All power to trainer must be off before you use the
multimeter as an ohmmeter to check a circuit. Only use the ohm
portion of the multimeter to check the sensor and the sensor circuit.

a. Before you can make an operational check or troubleshoot
the system, the normal resistance value of the sensor must be determined.
To make thi5 resistance measurement, the sensor circuit must be isolated.
To isolate the sensor circuit, disconnect the AN connector attached to
the temperature control assembly. With the connector disconnected you
will measure only the sensor resistance at the sensor checkpoints. The
checkpoints are lettered A and C on the temperature control assembly test
panel.

Note: The sensor simulating selector switch must be in the
NORMAL position.

b. The resistance of the sensor is
The resistance value should be between 1500 and 3000 ohms.

Section 2. OPERATION AND TROUBLESHOOTING

Operation

1. By following the steps in Section 1, you became familiar with
the operation of each component in the system.

2. Before you can troubleshoot you must know what is and what is
not working properly in the system. To do this you must perform an
operational check. The operational check procedur ;hart (figure 2),
lists the planned steps that are used to make an c, erational check of
the system. Use this chart to become familiar with each step. After
you are sure you can make an operational check, continue to the trouble-
shooting section. Remember, you will need to make an operational check
for each trouble. DO NOT depend on your memory. Use the checklist to
be 100% sure.

Note: The -Iuipment air conditioning temperature control system
is fully automatic. This makes it necessary to simulate the
operation of the equipment sensor circuit, when you make an
operational check or troubleshooting the system on the trainer.
This must be done before the sensor resistance is checked.

3. Another step that you must check when performing an aperational
che^% of the Equipment Air Conditioning System that is not on the
oper tional check procedure chart is listed below.

"When performing cn operational check of the Equipment Air
Conditioning System, after you return the sensor simulating
switch to the NORMAL position, place the altitude pressure,
switch to the "ABOVE 25,000 FT" position and the turbine
bypass valve should close. Then return the switch to the
"BELOW 25,000 FT" position and the turbine bypass valve
should open."

7
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POSITIONING CONTROL DEVICE OPERATING VALVE OR LIGHT VALVE POSITION

Pull out the equipment
cooling 28V DC circuit
breaker

Pressure Regulator and
Shutoff Valve

Ram Air Valve

Closed

Open

Push in the equipment
cooling 28V DC circuit
breaker

Pressure Regulator and
Shutoff Valve

Ram Air Valve

Open

Closed

Move the landing gear
handle to the GEAR UP
position

Ground Ejector Valve Closed

Move the landing gear
handle to the GEAR
DOWN position

Ground Ejector Valve Open

Place the sensor
qimulator switch to
test. Rotate the
sensor simulator
rheostat to full
counterclockwise

Turbine Bypass Valve Open

Rotate the sensor
simulator rheostat
to full clockwise

Turbine Bypass Valve Closed

Place sensor simulator
switch to NORMAL and
altitude pressure switch
to below 25,000 FT

Turbine Bypass Valve Open

Place altitude pressure
switch to above 25,000 FT

Turbine Bypass Valve Closed

Place the altitude
pressure switch to
below 25,000 FT

Turbine Bypass Valve Onen

Place temperatu,:c. limiter

simulator switch to
overheat

Pressure Regulator and
Shutoff Valve

Ram Air Valve

CNI Cool Off Light

Closed

Open

On

Place temperature limiter
simulator switch to NORMAL

No Valve Action

Press either reset button Pressure Regulator and
Shutoff Valve

Ram Air Valve

CNI Cool Off Light

Open

Closed

Off

Figure 2. Operational Check Procedure Chart.

8
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Troubleshooting

1. Before going through an actual trouble, let's check the
turbine bypass valve cilcuits to see the normal indications and to
learn the procedure for troubleshooting the system.

a. Use the wiring diagram mounted on the trainer to trace
the circuits required to operate the temperature control assembly.
Tra.:e from the equipment cooling 28V DC circuit breaker to pin L of
the tempera.ure control assembly. Trace from the equipment cooling
115V AC circuit breaker to pin E of the temperature control assembly.
Trace from pins J and F of the temperature control assembly to ground.
This circuit provides the necessary power for operation of the
temperature control assembly.

b. Place the sensor simulator switch to the TEST position.

c. Turn the sensor simulator rheostat full CLOCKWISE. This
simulates an increase in air temperature. A signal is sent by the
rheostat to the control assembly demanding cold air. This will cause
the COLD transistors to conduct.

d. Use the trainer diagram to trace the COLD CIRCUIT from
pin N of the temperature control assembly to pin B of the turbine
bypass valve.

e. Use the multimeter to check the voltage at pin B of
the turbine bypass valve checkpoint. The voltage should be 24 to
28 volts. D:d you get the correct voltage reading? ...

Note; When measuring voltage, be sure the meter is set to the
correct voltage range. Make sure that you have the negative
(black) lead to ground. Ground on the trainer is any point

marked with a ground (--.111 ) symbol.

f. Ttrn the sensor simulator rheostat full COUNTERCLOCKWISE.
This simulates a decrease in air temperature. A signal is sent by the
rheostat to the temperature control assembly demanding hot air. This
will cause the HOT transistors to conduct.

g. Use the trainer diagram to trace the HOT circuit from
pin M of the temperature control assembly to in A of the bypass valve.

h. Check the voltage at pin A of the turbine bypass valve
checkpoint. The voltage should be between 24 to 28 volts. Did you
get the correct voltage reading?

i. Return sensor simulator to normal position.
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2. There are 12 malfunctions for you to troubleshoot. The
trouble switch you are to use for each problem is identified on the
Troubleshooting Response Sheet.

3. For each problem, perform an operational check to find out
which component is malfunctioning. Enter a description of the mal-
function in the discrepancy block of the troubleshooting response
sheet.

4. Trace the electrical circuits that operate or control the
malfunctioning component.

5. Use the multimeter to locate the cause of the trouble.

6. Enter in the discrepancy block of the Troubleshooting
Response Sheet a description of the cause of the malfunction.

7. The first trouble will be analyzed and solved with you.
You will do the rest of the troubles on your own.

a. Place trouble switch number 1 to the IN position.

b. Perform an operational check using the chart in figure 2.

c. As you went through tne operational check, you should
have found that the turbine bypass valve did not operate.

d. Make the following statement in the discrepancy block
of the Troubleshooting Response Sheet for Trouble Switch Number 1 NOW.

"Turbine bypass valve did not operate"

e. Since the bypass valve will not operate to either
position, the trouble must be in a wire or component that is common
to both the hot and cold circuits. Which electrical circuit would
cause this problem? --- The DC and AC power supply circuits. --- Use
the trainer diagram to trace the AC and DC power supply circuits from
the circuit breaker to the temperature control assembly.

f. Check the DC power supply circuit with the multimeter.
You should get a voltage reading.

g. Check the AC power supply circuit. You did not get
a reading, did you? This mans there is an open in wire 1153A20.

h. Make the following statement in the malfunction cause
block of die Troubleshooting Response Sheet for Trouble Switch
Number 1 NOW.

"Open in wire H53A20"

i. Place trouble switch number 1 to the OUT position and
continue with the assigned problems. Use the Troubleshooting Response
Sheet to record the malfunction and malfunction cause for each problem.
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8. The lab instructor will constantly be evaluating your progress.
After you have completed this troubleshooting section check your answers
with the lab instructor.

The correct responses to the location and identification of
system components:

(1) Bleed Air Pressure Regulator and Shutoff Valve.
(2) Ground Cooling Ejector Shutoff Valve.
(3) Turbine Bypass Valve.
(4) Temperature Sensor.
(5) Temperature Limiter.
(b) Temperature Control Assembly.
(7) Altitude Pressure Switch.
(8) Ram Air Valve.
(9) Landing Gear Handle.

The correct responses to Trainer Operation.

STEP 1.

a.(1) closes
(2) opens

b.(1) opens
(2) closes

STEP 2.

a. closes
b. opens

STEP 3.

a. closes

b. opens

STEP 4.

a.(1) closes
(2) opens
(3) on

b. no
c.(1) opens

(2) closes
(3) off

If your anb..rs do not agree, check with your instructor. If
your answers agree, then the trainer is operating properly.
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TROUBLENOOTING RESPONSE SHEET

TROUBLE
SWITCH
NUMBER DISCREPANCY CAUSE

1

2

3

6

7

8

9

10

11

12

12
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