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MILITARY CURRICULUM MATERIALS
/-

The military-developed curriculuaNaterials in this oourse
package were selected by the National Center for Research in
Vbcational Education Military Curriculum Project for dissem-
ination to,the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courSes was to make curriculum materials
developed bylthe military more accessible to vocational

educators inthe civilian setting.

The course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for

dissemination. Materials which were specific to the rcilitary

were deleted, copyrighted materials were either anitted or appro-

val for their use was obtained. These course packages contain 4.

curriculum resource materials which can be adapted to support .

vocational instruction and"curriculum developnent.
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Course Description

i This course is designed as the theory part of on the-job training \lo upgrade an Apprentice (semi-skilled) worker to a Specialist (skilled) level. It contains
basic information and some supervisory training, but requires th t the student have background in basic electricity and/or electronics

This course contains three volumes accompanied by student workbooks and supplemental diagrams.

Volume 1 Aircraft Electrical Systems and Cimuit Operation contains seven chapters covering flight line safety for the electrician,
major aircraft systems and electrical maintenance and inspectiorT, pdttable test equipment for the electricen, e trical
circuit-functions, solid state control circuits, and application of electron tubes. The chapter on a maintenan organiz-
ation was deleted-because it referred to specific military procedures.

Volume 2 Aircraft Power Systems contains six chapters discussing aircraft batteries and servicing equipment, power system test
equipment, DC generator,systems, transformer-rectifier power systems, AC generatory systems, and motors and inverters

VoluMe 3 Aircraft Control and Warning Systems co tains six chapters covering landing gear and associated systems, flight control
electrical systems, warning circuits, ftfel sy e wer plant and related control circuits, and utility systems.

Each of the chapters(Contains objectives, readings, review exericses and answers, and volume review exercises. The course was designed for student
salf-study.,and evalutition in .? shop or onthe-job learning situation.

'Aircraft Electrical Repairman is part of a two course series. The secjattd.cs3urse, At/craft Electrical Repair Technician (2-), is designed to upgrade
the Specialj,x.4esceworket to the Technician (advanced) level.

ler
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Preface
TN THIS FIRST volume of Course 42351, we begin in Chapter 1 with a dis,

cussion Of a typical maintenance organization. This is a very important chapter
because it points out the overall mission of an aircraft electrical maintenance ac-
tivity. You will also learn about yopr job, as well as that of an aircraft electrical
repair technician and the aircraft electrical superintendent Related area re-
sponsibilities and training ate also presented in this chapter.

Chapter 2 is intended to provide you, with/a general knowledge of the hazards to
safety that you will encounter in your day-to-day work, both on the flight line and
in the shop.

Chapter 3 provides the 5-skill level knowledge requirements related to fluids,
lubricants, color coaes applicable to fluids and lubricants, aircraft-familiarization,
switches, relays, and protective devices. The chapter continues with a discussion
of the skills required to identify, select, and prepare aircraft wiring, connector
plugs, and terminals for aircraft installation. The use of special tools required to
perform wire maintenance is described: The requirements for installation and
inspection of aircraft wiring, conduit "F' boxes, bus bars, bonding, and emergency
repair of aiscraft wiring are discussed. Finally, the requirements related to the
selecchscutisz and use of structural hardware and the types and, uses of safety wire are

4

Since a great deal of your atitiei as 4uelectrician require you to make accurate
mrsurement of the values in electrical circuits, .Chapter 4 discusses measuring
devices. This chapter briefly reviein 'meter principles and explains the steps and
procedures in the operation and use of miiimeters, frequency meters, oscilloscopes,
electron tube testers, and the -Niiheatstone bridge.

Chapter 5 serves as' a brief review---of electrical principles.; It starts with a brief
discussion of the nature of mattei-ana the basic laws of Magnetism. The electro-
magnetic field and the generation of an electromagnetic, force, are also discussed.
Chapter 5 also shows you how to compute the various values of the sine waye.
In many ways, this chapter serves to introduce material that is expanded upon later
in the course. '

Chapter 6 is entitled "Electrical Circint Functions." As an aircraft electrician,
you must know the basic relationships lietween: voltage, current, and resistance or
impedance. This chapter shows you how to analyze electrical circuits of all types,
both AC and DC, regard117 of how these circuits are conneeted. As a result of
the knowledge you will g in this chapter, the Problem Aietroubleshooting should
become much easier for you.

Chapter 7 provides you with the necessary background knowledge to understand
the operation of solid state control circuits. The coverage in this area .includes
a discussion of transformers, magnetic amplifiers, transistors, and basic switching
circuits. The foundation you gain from this material will help you understand the
more advanced circuitry presented in Volunle 2 and Volume 3.

Ui
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The final chapter in this volume reviews the basic operation of electron tubes:
After this review the chapter discusses electronic power supplies and amplifier
ciccuiti. Since the aircraft electrician is required to troubleshoot, or repair, elec.-.
tronic equipment, it is vital that you become familiar with amplifiers and power
supplies. These components are used in a great many aircraft systems as well is
shop test equipment.

Figures 44-101 call be found printed and bound in the back of this volume on
foldouts 1 thru 7. Whenever you are referred to one of these'figures in the text,
please turn to back of the volume and locate it on the folddut.

If you have questions on the accuracy or currency of the subject matter of this
text, or recommendations for its imprqvement, send them to Tech Tng Cen
(TSOC), Chanute AFB, Illinois 61868.

If you have questions on course enrollment or administration, or on any of
ECI's instnictional aids (Your Key to Career Development, Study Reference
Guides, Chapter Review. Exercises, Volume Review Exercises, and Course
Examination), consult your education officer, training officer, or NCO, as ap-
propriate. If he can't answer your questions, send them to ECI, Gunter AFB,
Alabama 36114, preferably on ECI Form 17, Student Request for Assistance.

Material in this volume is technically accurate, adequate, and current as of

April 1970.

Volume 1 is valued at 51 hours (17 polyp).



. UST OF tHANGES

COuRSE 41,

NO.

42351
EFFECTIVE DATE
OF SHIPPING UST

30 Apr 76

CAREER FIELDS, POLICIES, PROCEDURES AND EQUIPMENT 9-IANGE. XrL'SO ERROR',

'OCCASIONALLY GET INTO PRINTL 1HE FOLLOVING ITEMS UPDATE AND CORRECT

YOUR COURSE MATENALS. PLEASE MAKE THE INDICATED CHANGES.

1. CHANGES FOR THE TEXT: VOLUME 1

a. Page 7, pare 2-16, line 17: Change th.,,e word "then" t "than."

b. Page' 9, para 2-30,grline 10: Ghange "Guide for Planning ani Conducting

OJT" to "On-the-Job Training._"

c. Page 11, para 2-31, line 2: Change "Regulation 50-26" to "Manual 50-23."

tine 3: 'Delete the words "Functional Responsibilities for."

d. Page 62, para 11-79, line 10: Change "turned" to "tuned."

e. Page 115, Figure 110B: Change "it" to "IT", "11" to "II", and "12" to

f. Page 122, figure 119: Change "VB8" to "VBB."

g. Page 124, Figure 122A: Reverse the polarity of the batte4r V
EE.

h. Page 152, Bibliography, line 2: Change the date "20 May 1968" to "25

February 1972." Line 3: Change the title of the manual to read "On-the-Job

Training." Change the date "23 October 1967" to "I March 1972." Line 4:

Between the words "AFM 127-161" and-"Accident" add "Industrial Safet5," Change'

the date "30 December 1965" to "26 June 1970."' Line 5: Delete. Line 8: Add

"Change 1 May 1971" after the date. Line 9: Change the date "6 May 1968" to

"30 December 1970." Line 12: Change date "15 December 1967" to "15 June 1970."

Line 13: Change date "15 July 1967" to "30 July 1971." Line 15: Add "Change

15 5uly.1969." Line 17: Add "Change 10 January 1972." Line 18: Add "Change

15 February 1969." Line 19: Add "Change 15 October 1970." Last line: Add

"Change 30 November 1967."

2. CHANGES FOR THE TEXT: VOLUME 3
A

a. Page 39, para 10-9, lines 5 thru'8: Delete the sentence "When these . .

4
tO an engine." 0

b. Page 44, col 2, lines.11, 12 and 13: Deleie the sentence "When switch

Nr. 13 . . . be deenergized."

c. Page 45, para 10-35, last line:" Change "23" to "24."

d. Page 83, Bibliography, line 4: Add "Change 10 July 1971.

Change "19 September 1963" to "1 March 1968." On the same line,

April 1971." Line 10: Add "Change 18 December 1969." Line 12:

31 January 1969." Line 14: Add "Change 15 May 1970." Line 16:

15 February 1966." Line 21: Add "Change 15 February 1966."

" Line 6:

add "Change 15
Add."Change
Add "Change

4214110-1--111-3-*
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COURSE
NO.

42351
EFFECTIVE DATE
OF SHIPPING UST
30 Apr 76

UST OF CHANGES

CARES FIELDS, POLICIES. PROCEDURES ANO EQUIPMENT CHANGE. ALSO ER-R-6R-,

OCCASIONALLY GET INTO PRINT. 1HE FOLLMING ITEMS UPDATE AND CORRECT
YOUR COURSE MATERIALS. PLEASE MAKE THE INDICATED CHANGES.

3. CHANGES FOR-THE VOLUME WORKBOOK: VOLUME 1

a. Page 41, Answers For Chapter Review Ex6rcises, answer 26:4 Change to read
"AFM 50-23, On-ThelJob Training."

b. Page 55, question 28: In the stem of the question, change "0-C".to "AC."

c. Page 61, question 97: In the stem of the question, change'"changing" to
"charging."

d. Page 64, question 119: Change the stem of the question to read "Positive
feedback is useful in." Question 123: In the stem of the question, change "or"
to "of."

f

e. The following questions are no longer scored and need not'be answered:
25, 52, 100 and 119.

4: CHANGES FOR THE VOLUME, WORKBOOK: VOLUME

a. Page 36, Chapter Review Exercises, answer 21: Change to read "Stata of
charge is determined by discharging the bg,Sery and measuring the amount of'
discharge to the cut off voltage."

b. Page 36, Chapter Review Exercises, answer 22: Change to read "T.cke1-'1
cadmium batteries are charged by the constant-currentImethod only.P

c. The following questions are no longer scored and need not be answered:
8, 17, 25, 39, 82, 90, 92, 94, 103, 106 and 122.

5. CHANGE FOR THE VOLUME WORKBOOK: VOLUME 3

The following questions are no longer scored and need not be answered:
13, 36, 38 and 57.

NOTE: Change the currency date on all'volumes to "April 1975."

c I
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MODIFICATIONS

3 )- 43 of this publication has (have) been deleeed in

adapting this material for inclusion in the "Trial Implementation of a

Model System to Provide Military Curriculum Materials for Use in Vocational

and Technical Education." Deleted material involves extensive use of

military forms, procedures, systems, etc. and was not considered appropriate

for use in vocational and technical education.
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CHAPTIR 2

I.

Flight Line Safety for the Electrician

C TOP AND THINK for a minute. When did
1J you first learn about safety? Your mother
was probably your first safety instructor. She
taught you not to chew on the lamp cord, not to
touch the hot stoveot and many, many other
"nots." As a aila- ifie wouldn't let you play
in the street, or she would yell, "get down froni
that tree before you fall and hurt yourself." As
you grew older your father probably started
teaching you how to do things correctly and
safely. In addition to your father, you heard
safety from the teachers in school. If you stop
to think about it, you will probably hear about
safety for the rest .of your life. While you are
in the Air Force, your safety instructori include
the people from the safety office, your 'super-
visor, co-workers, signs, lectures, procedures
listed in TOs and manuals, and this chapter.

2. Instructors ,alone cannot and will not pre-
vent you from having_an.. acoidentOnky_thinking__
can prevent accidents and this thinking must
come from you. What thinking?You must
THINK and PRACTICE safety at all times. You
must think about safety to the point that it be-
comes au automatic reaction. When you reach
this objective, you become safety conscious and
take positive action toward safety.

3. There are some people who refuse to take
positive action toward safety. It shows up in
personal habits that allow them to perform un-
safe acts, disregarding the safety of others. We
allow these people an excuse by saying they are
"accident prone." One such person is "Al
Lectric." He is classified as "an accident looking
for a place to happen."

4. Throughout this CDC you will see cartoons
of Al doing what comes naturally, not following
prescribed safety procedures. You may think Al
is a figment of someone's imagination. He is
real. Look around at some of your fellow work-
ers; you'll see him in action. Don't forget to look
at yourself. There is a little of Al in everyone.
He appears whenever we show disregard for
safety.

14

5. In this chapter and throughout the CDC
'we will discuss safety and you. We will point
out sodie of the high accident rate areas where
you will be required to work. The areas that we
discuss are areas where accidents have happened
to others. When it comes to accidents it is less
painful to learn from the mistakes of others.
Don't become .an accident statistic; THINK.

3. Flight Lin. Safety
3-1. There are two major areas of concern

on the flight line; these are "Al Lectric" and
aircraft. Al can pop up any place so me will
concentrate on aircraft and let Al come in at
his leisure. Really, we would like for him to -

retire, and I'm sure you-will agree after you have
had to deal with him.

3-2. ,Airciaft, as you know, come in' assorted
types and sizes. We will discuss the types (with
-reference- to poWer plant)-such as- reciprocating
and turboprop, jots and helicopters. Size!!!!
Just remember that any ,of them are 1;ig enough
to kill you. There are danger areas around all
of them and these areas. concern you. Let's find
out where they are and learn to respect. them.

3-3. Operating Aircraft Engines. Aircraft en-
gines that are not running cause little if any
hazards to safety. However, they were not de-
signed to sit still but to propel aircraft either on
the ground or in flight. All engine§ have areas
that are dangerous, so let's discuss them briefly.

.3-4.: Reciprocating and turboprop engines. To
some, :propeller-(prcip) driven aircraft may seem
outdated. Nevertheless, we have to work around
them.: There is one area that you need tosstay
clear 'of and that is the propeller. Now people
like Al walk through the "prop" blades when the
aircraft is it, the dock. This may seem harmless,
but habits are formed this way, and one-day Al
tries it on the ,flight line. What happens?
Nothing muchexcept Al now has a permanent
part in his hair. It even reaches his belt buckle.
What are we saying?props have no regard for

19



Cutoon 1. ALGround Safety Office.

rank or anything else, as figure 6 indicates. Treat
them as though they are turning at 1000 rpm
all the time and you will be safe. The next air-
craft mentioned is the jet.

3-5. Jet-powered airvaft. Thest aircraft make
up our bomber and fighter forces in most cases.
Again the engine of this aircraft is to be re-
spected. It is the biggest vacuum sweeper you
have ever seen. Everything from safety wire to
human beings have been sucked into jet engines.
Figure 7 indicates that 25 feet is a minimum
safe distance around the intake. Now, yott-may

7^

be a big man bui you don't, fight turbine blades
even ht idle speeds. You can't WIN, so STAY
CLEAR of the INTAKE. ---

3-6. There is more than this about a jet en-
zine:7The exhaust will require 4,. wide berth. A
good rule of the thumb is to stay at least 200
feet behind any jet engine. For best results check
the maintenance manual for the danger areas
that apply to the aircraft you work on. Figure
7 illustrates the warning areas.

3-7. Before we leave the jet engine there is

one more thing that is worthy of mention
noise. You have heard it, rm sure. If you
haven't, then you might take a trip to the flight
surgeon's section to fmd out why you haven't.
Take it from ahose who now wear hearing aids,
the best plaee for your ear plugs is in your ears.
Especially when sctu are on the flight line around
noisy equipment Make sure your ear plugs fit,

and use them. .

3:-8. One lvord of caution about ear plugs.
When you wear them, watch where you walk.
Why should you?What if that' engine is

running?--Be mire the engine is not running be-
fore entering a danger area.

3-9. Each type aircraft has its own peculiari-
ties. The helicopter is definitely a good example
of tills. Let's discuss i6tcriv.

3-10. The helicopter. This aircraft can be
powered by either a reciprocating or a jet en-
gine. The helicopter is sometimes referred to as
.a rotary wing aircraft. These wings that provide
lift for flight are called rotor blades and are
driven by the engine. 'You must be aware of the
danger areas formed by these rotors. There are
certain plaies within the rotor path that will

.1

Figure 6. Crushed hitprop area.
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/3I-1
Cartoon 2. ALRoasting a Duck.

allow you to approach the fuselage . of the air-
craft with the rotors turiaing. You need to know
these areas before you attempt to enter the,rotor
path. Each type hod-pter is different, so efier,'`
to the techAical order for the helicopter you
might be around. Air Force regulations say that
our hair must be neat-and trimined at all times ?

but not "rotor trimmed." Support
barber anci avoid the rotor path.

3-11. .*to* lets discuss some eas d oper-
ations that are common to all types of aircraft.
Thep may differ slightly with u particular air-
craft-but we-will-keep them seneral- enough to
cover any job you may be assigned.

*3-12. The Cockpit. Another area that people
like Al Lectric need to avoid is the cockpit. You

PLANES OF ROTATION

1,040116e TOWNE

STARTER TURSIN

see, Ai has a disease known as "switchitis." You
won't find this word in the dictidnary. It is a
term that describes a person who just has to turn
every sw#ch he sees to the ON position.

3-13. The modern aircraft cockpit, iike a. gun,
is deadly in the hands of the ineerienced.' La-
cated in the cockpit are the controls for explo-
sives, wingtip tanks, canopies, ejection seat5, flap et

controls, and landing gear controls, all of which
are killers. Learn the cotkpit details all the
aircraft on which you are required work. Be
able to recognize nonstandard tequipment. Know
exactly what each switch or lever does. Use eau-

% tion so that you do not accidentally lean or brnsh
against any handles, switches, or levers. Never
pull a handle or flip a witch if you do not
know what the results will be. You may be in
for. an unexpected ride. If you don't know what
you are doing, don:t do it THWK AND LIVE.

3-14. Be aware. of other people working on
the aircraft. Esgecially if electrical cit pneudraulic
power is applied. If you accidentany hit the
wrong switch.at the/ wrong time, someone could
be se usly 'hurt. Many times you willete re-
quired to rk on the *crate with power ap- /
plied. On-some of. these occasions, you may tali A

want power on your system. If this be the case,
ptll the circuit breaker. Don't stop there, though.
Tag it so no one will reset it. 43y doing this you
could-prevem -a-shopiting situation from happen-
ingto you. One last word before you climb
out of the cockpit. If you ever feel "swittlitis"
coming on, get out, and do it' the right way.

-r
::TEMPERATURE 1600°F 8010°F 4010°F

MAXIMUM THRUST

200°F 100°F

30 F

25 FEET

WARNING

1530 KTS

ifyvV.i: 950 KTS 475 KTS 240 KTS 105 KTS 60 K TS 30 KTS

0 10 20 30 40 30. 60 70 $0 10 100 110 120 130 140 ISO 160 170 IRO
DISTANCE FROM JET NOZZLE FEETAT HIGH THRUST SETTINGS.

THE DANGER AREA AROUND
TV INTAKE DUCTS MAY
EXTEND AS FAR AS FOUR
FUT AFT Of THE DUCT 1.11.

Figure 7. Danger area around jet engine.
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Cartoon 3. ALSwitchitis.

3-15. W Mentioned electrical and pneudraulic
power ear1i, now we need to discuss them fur-
ther. ,

3,-;16. Electrical and Pneudrinlic Power. Pneu-
dra ically operated and electrically controlled
sys -Itrecommon to modern aircraft. Thus,
you will need to know ihese syskems and the
danger areas around thqrn. Some of these sys-
tems are speed brakes, tomb doors, missile bay
kors and landing gear doors. Most of these do rcr..
cno s eir full span of travel in seciitids, and
work unde ressUre up to 3000 psi. If you like
your head, h: tds, legs, and feet, I would highly
recommend th t you keep them out of thse
areas That jo r with "switchitis" just might be

in the, cockpit. In fact, check for safety pins or
locks if you work in one of these areas. What
am I saying?Use your head, DON'T LOSE
IT. You may lie wondering how gding gear
doors can work when the aircraft is on the
ground. This will be our next pobit of discus-
sion, working around an aircraft on jacks.
43-17. Aircraft on Jacks. This is dethiitely a
time when the brain must be engaged. An air-

, craft on jacks is uistable at best, You will have
occasion to work on landing gear problems while
the aircraft is on jacks. When this time comes
there are some things you don't do and live to
brag about them. Stay clear of the wheel wells
and landing gear doors. In fact, if you don't
need to get under the aircraft, stay out.

3-18. When jacks are used a man is in the
cockpit and he has direct communication with
someone on the ground. No one tries to talk
above flight line noise; you use an interphone
(headset). The man on the ground is in position
to see every, . area around the aircraft. Unless
there is a definite reasOn, no one should climb
on the aircraft while it is on jacks. It gets-emL
barrassing when you, have to exp mr:32.411aacakr
went through the wing of a m ti
aircilft. It al,so causes a terrible headache if that
wing hits eoné on the head, as it slips off
the jack. tfake sure the right jack is used and
check its co ition, also. All aircraft jacks have
safety locks. e sure they are used. You may
think part of the things mentioned here aren't

RADIATION !BUSH MAIM
MAY MST IN THIS ARIA
WHIN RADAR IS OPERATING

Figure 8. Radar danger area.
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Figure 9. 'Toolbox.

your responsibility. If this be the case, just re-
member, it could be your head that is squashed.

3-19. R,adar Equipment. Up to this point, we
have discussed things that you could either see,
smell, hear, or feel. Now let us discuss some
equipme3t that can cause many unseen ill effects
on the fiuman body. This is the radar system..
Dry steel wool can be ignited at 100 feet and
photoflash ',bulbs have been fired at greater dis-
tances. Wkth this in mind, think what might
happen to you if you are exposed to these radar
beams. AC at frequencies in excess of 1C1 KC
can no longer be felt but they leave lasting re-
sults on the human body. Exposure to radar
beams can damage human tissue, particularly
the eyes. For your own protection s,tay clear of
operating radar equipment. Check the mainte-

/nance manual for the aircraft on which you are
working, it will give You-the danger areas. Figure
8 gives you a general idea of the areas to shun.

3-20., Radioacitve Material. Nuclear radiation
(atomic) is .probably the least likely hazard to
be encountered on the flight line. It initlit exist,
however, in the event an accident should occur
while handling one of these weapons or if an
aircraft carrying one of them should crash. Then,
too, we might be required to perform mainte-
nance on an aircraft that has been in a contimi-
nated zone. We should know what to expect if
this occasion occurs.

3-21. Radiation, basically, consists of tiny
energy particles that can kill you if you are ex-
posed to a sufficient quantity for too great a
period of time. Therefore, you will work under
the supervision of medical personnel and a moni-
toring team. Let me remind you, though, your
responsibility to yourself and to the Air Force
requires that you stay abreast of the latest in-
formation concerning radioactive material. This

information can be found in the applicable tech-
nical orders..

3-22. By tlartime, you have probabbt decided
it isn't safe at all on the, flight line. Let's put
it this way, any place youNmay happen to be is
only as safe as you make it.

3-23. This brings us to another point of dis-
cussion. When you mention good housekeeping,
a person may remember his mother and her job
as a housewife. If you iremember right, Mom
had a place for everything and she wanted every-
thing in its place. Let's see how<this fits you and
your job in the flight line area.

4. Goad Housokaaping and Fins Provention

4-1. It has been truly said that "cleanliness is
next to godliness." Good housekeeping is the
neatness and cleanliness that is necessary for the
successful performance of a job. It is also much
easier to prevent a fire than to stop one after
it has started. In the following discussion we
will cover the points for which you are responsi-
ble in both areas.

4-2. Good Housekeeping. A major principle
to observe in maintaining a working environmeut
conductive to safety is good housekeeping. Hav-
ing found it advantageous to live in a well-kept
household, you-will also fuid it desirable where
you work.

4-3. One of the elements of pod housekeep-
ing is the disposal of waste and scrap. If floors
or workbenches are cluttered by such material,
the chance for an accident is increased.

4-4. As an example, some of the units that
you will be required to disassemble will have
small parts which can be easily lost, broken, or
mixed with other parts. To avoid the loss of time
while you hunt or acquire another part,. keep

18 23
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your bench top d-in-an orderly condition.
A cluttered benc Jakes effective work almost
iMpossible and i L starting place for an acci-
dent. Worn out parable parts should be dis-
posed of prompt d put in the right places,
not on dick floor.°

4-5. A qui ce at the way tools are
arranged in 'a t is one way to measure a
good mechanic. k at figure 9. I am Certain
the one on the is yours! Every shop has a
designated place r toolboxes when they are
not in use. Kee4ieminplaceandkeeptheid
closed. It does pi require much time or effort
to open the box, t.en you need a tool, and you
may preveni sortione from acquiring a badly
bruised shin. tlAcikshilps will have a tool board
to mike specie& 4iols 'available to all who may
need them. Keeplothem in place. Since some of
these tools are ;qn'ite heavy, get help or use a
chain hoist if d*sary to put them in place.

4-6. If yourWhop 'maintains a stockroom,
cases and othe goods.should be stacked neatly
in the prescriber': location according to the desig-
nated heilln. T144, will prevent possible damage
to the stored iteMs.and will also make them read-
ily available.
4 4-7. Good vehtilation is conducive to good
work and necary for the good 11TIh and

1. You will fmd that your work
considerably if you are uncom-
ld,-ot if there is a lack of fresh

ty in your shop, or if fumes
ur superviscfr or trainer. When

safety of perso
output drops

fiortably hot or
air. If tlie air is
are preseftt, tellry
he is aware of the conditions uider which you

housekeeping' a absolute ne ary for any
4-8. Bre

nd
. .Close Plylsed with good

work, he can take the necess corrective ac4
tion.'

Prevention

organization is a smooth vorking fire prevention
system. Remember, the heAt cure for any fire is
to prevent it by safety precautions. If a fire oc-
curs, however, be prepared to put it out quickly.

4-9. Many fires are caused by carelessness
and by poor housekeeping. Oily rags thrown in
a corner are excellent material for a healthy fire.
Poor storage practices, especially of inflammable
materials have caused fires that need not have
been. Overloaded electricaj outlets coupled with
defective circuit breakers mai also cause a fire.

Observe alsce-glat no smoking signs were made
to be obeyed; -lighted cigarettes or matches
thrown in wastepiper baskets full of paper are
not usually put out by the fall. Here are a few
precautions that you should observe for fire pre-
vention; .you can add to, the list from your own
experiences or from warnings that you have read
or heard.

Do not allow oily rags to accumulate.
Obey the signs in the NO SMOKING areas.
Never allow your clothing to become satu-

rated with fuel or oil. If they should become
that way accidentally, change your clothing as
soon as it is possible.

Do not permit gasoline, kerosene, jet fuel,
or any other inflammable fuels to be stored in
open containers.

Make sure 'that the static lines are always
in place ancl'that the aircraft is grounded prop-

,fterly before you work on it.
Never dep7osit cigarettes or matches in a

wastebasket, even if they appear to be out.
Do not open any oxygen valve near a flame

4
or a lighted cigarette.

4-10. Since fires will occur, no matter how
many precautions taken, you must be ready to

Cartoon 4. ALLoses His Head.
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fight them quickly and effectively. This implies
that you should khow the telephone number of
the base fire department and the location of the

, fire extinguishers. .

di 4-11. The telephone number for the base fire
department is usually posted in large num-
bers. Thes4 posters are at intervals in the shop,
in the barjacks, and on the flight line. As a
rule, the b e telephone book has this number
printed in large letters on the cover page or on
one of the first pages of the book. If alarm
boxes are installed on your base, learn where
they' are and how to use them.

7Th

i

,

/7
4-12. As you can see, safety is everyone's re-

sponsibility; this includes you. One of the main
motivating factors is that YOUR tIFE is in-
volved. I have heard people say, "I'll be glad
to get out of this outfit, all they think about is
safety." We will be involved in safety as long
as we live. In fact, our life span may be in di-
rect proportion to how serious we take the safety'
program. An old Chinese proverb says, "Be sure
brain is engaged before opening mouth." We can'
apply this to safety. "Be sure brain is engaged
before acting orminli What am I saying?It's
your head, just where "do you want it?

20
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CHAPTER 3

Major Aircraft SystemS and Electrical
'Maintenance and Inspection

AS AN AIRCRAFT electrician,,you will be-
ri come involved in the,"electrical repair" of
different types of USAF aircraft. In fact, you
may find yourself working on several types within
one day's time. Therefore, you need to be
familiar with all of the aircraft in the Air Force
inventory. Sounds like a big job, huh?And
you're right, it is. In this chapter we discus
many of the things that put you out front, so dig
in and learn.

2. In the first section, the discussiod will cen-
ter on aircraft types,"distinguishing characteristics,
and aircraft designations. Another section will
discuss aerodynamic§ and flight, controls. Don't
let that 12-letter word in the last sentence scare
you. This is just anothe; way of referring to all
the forces that act on an aircraft in flight. This
is followed by a discussion of the major aircraft
systems.

3. After discussing what you work on, we dis-
cuss what you work with. In doing this, we con-
sider such things as aircraft servicingmaterials,
electrical hardware, and handtools that are pecu-
liar to. the electrical field. Tlie final discussion
in the chapter will cover electrical system inspec-
tions and their importance. Now let's discuss air-
traft familiarization.

5. Aircraft Familiarization
5-1. Each year many people rush down to the

new -car dealer to see what the new models look
like. They want to know what equipment is
standard and what is optional. They look for
any detail that can help them fix this new model
in .their mind. The aircraft electrician that plans
to be counted with the best must have the
same attitude toward aircraft: Does this include
you? I'm sure it does so we will start our dis-
cussion with the types of aircraft.

5-2. Types of Aircraft. Today's Air Force has
many missions to perform. Each mission requires

a special type aircraft, one that is specifically de-
signed to meet mission needs. Space prohibits'
a discussion of individual aircraft; therefore, we
will discuss major aircraft types.

5-3f Bomber. These aircraft are equipped
with powerful jet engines, 'andcarries a bomb
load comparable to its mission.. Some can fly
faster than the speed of sound and at very high
altitudes. These might be referred to as medium-
range bomtiers. Some have provisions for in-
flight refueling, thus giving them long-range flight
capabilities.

5-4. Fighter. These aircraft can be powered
with either a radial or jet engine. Most of them,
however, are jet. Fighters are used to engage
the, enemy in the air and on the ground. To
accomplish this mission, they must be fast, ma-
neuverable, and carry heavy fire power. The lat-
est type fighters can perform at supersonic
speeds. Their fire power may consist of rapid
fire machine gun's, cannons, or rockets that are
equipped with homing devices. Some have in-
flight refueling capabilities for long-range mis-
sions.

5-5. Transport. This aircraft is sometimes re-
ferred to as a cargo plane and is just the opposite
to the fast-moving bomber or fighter. Transports
are sturdy, relatiVely slow flying, with the capa-
bility to carry heavy loads over long distances.
Their wings are usually thick, with a fuselage
large enough to allow loading of heavy freight
and vehicles.

5-6. Helicopter. Thii aircraft is unfamiliar to
many people. However, to the jet fighter who
has been downed in enemy territory, it is a beau-
tiful sight to see the "ole chopper" hoyering over
him. This aircraft is the most versatile type made.
It can fly in any direction without changing its
compass heading. In the Air Force helicopters
arc primarily used for search and rescue. Some,
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Figure 10. Conventional-wing aircraft

however, have firefighting capabilities, and other
branches of the military use them as cargo and
gunships

5-7. The helicopter is easy to recognize be-
cause of its relative slow speed and whirling ro-
tor blades. However, you only get a glimpse of
some of the others thentioned, so we need to dis-
cuss their distinguishing characteristics.

5-8. Distinguishing Characteristics. The design
of the wing is one of the most prominent fea-
tures of an aircraft. You will fmd that it is much
easier to recognize all types of aircraft if you
are aware of the basic wing design. From the
ftillowing discussion you will see that the wing
aesign will vary with the mission of the aircraft.

5-9. Conventional Wing. Many types of air-
craft have the conventional wing. Since the
constr9ction is similar in all conventional types,
we shtll discuss only one of these aircraft, the
C-131. The C-131 has a low-mounted wing that
is equilapered and blunt tipped, as shown in fig-
ure 10 The large engine nacelles protrude well
forwar4 of the wing's leading edge. The rounded
nose aid a stepped-up cockpit are features of

the forward fuselage, while the aft fuselage tapers
evenly to a pointed tail cone. Both horizontal
and vertical stabilizers are equitapered and blunt
tipPed.

5-10. Swept Wing. Bombers s and fighters
usually have swept-wing type construction. The
5-52 is an example of a sweptback wing that is
very noticeable. The aircraft is powered by eight
jet engines, as shown in figure 11. These engines,
two in a pod, are slung under the wings on short,
pylons. The large horizontal stabilizer is also
sweptback and tapered with a squared-off tip that
emphasizes the overall angularity. This overall
angularity and the large size are the B-52's most
distinguishing features.

5-11. Delta Wing. Another wing type aircraft
is the B-58. The wing has a delta-shaped design
that curves downward at the leading edge. This
curve increases near the tips, which gives the
wing an apparent droop appearance. The B-58's
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Figure.11. Swept-wing aircraft.
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by a combination of letters and numbers called
aircraft designations. Each letter and number,
or combination of letters and numbers, indicates
important information about a particular aircraft.
Thus aircraft designation identifies each aircraft;
as well as its mission, using the letter and num-
ber system. An example of this would be
RB66B, 53-412. This aircraft was originally
designatecLas_a_bomber, but what does_each_let,
ter and number tell us about it?

R - Reconnaissance. This indicates the cur-
rent use of the aircraft. It also (in this case) in-
dicates that the original design has been modi-
fied.

B - Bomber. This indicates original mis-
sion-design of aircraft'and normally would be the
first letter of designation.

66 - Aircraft model nuniber, meaning the
number of bombers the Air Force has tested for
its mission.

B - Series of the basic aircraft. In this case,
it indicates the first modification of the basic se-
ries.

53 - Fiscal year that procurement for this
aircraft was authorized.

412 - Serial number. This does not indi-
cate the number of aircraft manufactured, but is
an Air Force assigned number.

42330-1-3-30

Figure 12. Delta-wing aircraft.

four engines are inclosed in pods. They are slung
under the wings and are staggered well forward
of the wing's leading edge, as shown in figure 12.
The large hump on the topside of the extremely
'slender fuselage is caused by 'the three separate
cockpit hatches. This kind of fuselage is
sharply pointed at the nose and tail cone. The
use of a horizontal stabilizer is eliminated by
having "elevons" in the delta wing's trailing edge.
These "elevons" dO the combined work of the
elevator and aileron. All df these will be cov-
ered in a later paragraph.

5-12. Just as you.have an or serial num-
ber, so does each aircraft in the 'Air Force. A
quick look at how aircraft are identified, other
tfian just construction features, is in order at this
time.

5-13. Aircraft Designations. The various types
of aircraft used by the Air Force are identified

23

5-14. A complete coverage for, aircraft desig-
nation is located in AFR 66-11. However, the
previous example gives enough information for
you to figure out all the common designations.

6. Aorodynamies and Flight Control
6-1. Now that you have a good idea what air*

craft in general look like, we will discuss what
makes them fly. You, as an electrician, will be
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Figure 13. Typical airfoil.
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Figure 14. Four forces acting on the airfoil.

required to maintain the trim system that trims
an aircraft around its three axes. Therefore, you
must be able to fly the aircraft mentally even
though not physically. For example, what does
the pilot mean by experiencing a nose-heavy con-
dition throughout flight? What system would you
adjust to correct this trouble? Let's see if we
can answer these two questions.

6-2. Principles, of Flight. In order for you to
better understand your job, it is necessary that
you have a good fundamental background of the
principles of flight. No.clqubt, man got the idea
of flight froth witchini the birds soar gracefully
overhead. Ills early attempts at flight, for the
most part, were fantastic, and-often fatal. It boils
down t6 the Tact that man, in his early attempts,
didn't know enough about aerodynamics. First,
let us rview the characteristics of an airfoil and
the forces actini upon it in flight.

6-3. Airfoils. 'Figure 13 illustrates a typical
airfciil. You will note that the two ends of the
airfoil differ in appearance. The end that faces
into the wind in flight is called.the leading edge
and is rounded, while the other end, the trailing
edge, is tapered and narrow. A reference line
often used in discussing an airfoil is the chord,
a straight line drawn through the airfoil connect-

02/
ing the farthermost points of the leading and
trailing edges. The distance from this chord line
-to the upper and lower surfaces denotes the
amount of upper and lower camber (curvature).

6-4. Aerodynamic forces. With an understand-
ing of the structure of an airfoil, let us take up
the four-aerodynamic forces acting upon-an-air-
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craft. These forces are lift, drag, weight, and
thrust. The lift of the airfoil acts perpendicular
to the direction of the relative wind. The weight
(or gravity) acts vertically downward from the
center of gravity of the aircraft. Thrust is the
force which moves the -aircraft forward during
flight, and drag is the resistance of the atmos-
phere to the aircraft's forward motion. When
the aircraft is in-a level unaccelerated flight, tbe
lift equals the force of gravity, and the thrust is
equal to the force of drag.

6-5. Figure 14 illustrates how the four forces
that determine flight actually cancel each other.
The upper view shows two forces, lift and drag.
At the- same time that the lift force pulls the
airfoil up, the resistance of the airfoil (drag) pulls
the wing- backward. The resultant action, conse-
quently, is not just a straight backward motion;
it is a combination of both. In the center view,
the other two forcesthrust and weightcause
the airfoil to have just the opposite movement.
The thrust causes the airfoil to moqe forward,
but the weight (gravitation pull) causes the airfoil
to fall toward the earth. The resultant airfoil
motion is a combination of these two motions; it
is forward and downward. Putting these forces
together produces the motion shown in the bot-
tom view of figure 14. As you will note, the
forces act in different directions and cancel each
other. - If the force of lift is as great as weight,
the airfoil neither rises nor falls (climbs or
dives). If the thrust is as great as the force, of
drag, the airfoil does not move either falter or
slower but moves at a constant speed. To go
faster, we merely increase the thrust over 'drag,
and the aircraft accelerates., Then, when the
thrust and drag -again equalize, .the aircraft no
longer accelerates, but moves ahead at "a taster
constant speed.

6-6. While we are reviewing the principles of
flight, we will consider two laws which combine
to make it possible for an airfoil to support (lift)
a heavy weight in air. The first law can best be
illustrated by holding your hand out of the
window of a moving automobile. As you in--
cline your hand, the force of the air against your
hand has a tendency to move it. The airfoil
(your hand in this case) deflects the wind. This
action creates a dynamic pressure on the
lower surface of your hand, forcing it upward
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Axes of the aircraft.

and backward. The second law is that of the
Ventuti tube principle. When an airfoil moves
through the air, both the airfoil shape and the
airfoil angle of attack relative to the wind cause
the air to be deflected. The deflection com-
presses the air below the, airfoil, which causes a
hig4 pressure area under the surface. The air
ttaveling acrOss the upper surface of the airfoil
must travel a longer distance, which, conse-
quently, causes the speed of the air across the
upper surface to increase. This increase in ve-
locity of the air produces an area of low pressure
next to the upper surface of the airfoil. In this
manner a pressure differential is created.

6-7. The difference in air pressure between
the bottom and top of the airfoil gives the lift.
As the speed of the airflow increases, the pres-
sure differential acting on the airfoil also in-
creases. As already mentioned, drag is the re-
tsistance of th'e atmosphere to the aircraft's
forward motion, and tho drag will always act par-
allel to the relative wind.

6-8. The relative wind is the direction of the
airflow with respect to the airfoil. If an airfoil is
moving forward horizonially,' the relative wind
moves rearward horizontally. If the airfoil is mov-
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ing forward and downward, the relative wind
moves rearward and upward. The angle of at-,
tack of an airfoil directly controls the distribution
of pressure above and below it. e

6-9. The angle of attack can be defined as the
angle between the chord of an airfoil and the
direction of the relative wind. Actually, you
could not continue to travel in level flight and
maintain the same angle of attack if you in-
creased your airspeed; the airfoil lift would
increase ancl the aircraft would climb. Fpr each
angle of attack, each aircraft has a definite speed
at which it will fly straight and level. To main-
tain the constant lift force which balances the
weight in straight and level flight, the airfoil ve-
locity must be decreased as the angle of attack
is increased.

6-10. Thus far we have discussed an aircrafi
ir straight and level flight; what happens if it
turns? What happens if it climbs or dives? To
what are these movements referenced? These
are good questions, and the answers will help you
become a better aircraft electrician.

6-11. Aircraft flight axes. There are three
axes about which an aircraft may turn. When-
ever an aircraft changes its attitude in flight in
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Figure 16. Flight control surfaces on an.aircraft.

respect to the ground or any other rued object,
it must turn about one or more of its axes. These
axes are imaginary lines passing through the air-
craft's center of gravity. At the center of gravity
each axis is perpendicular to the other two. Fig-
ure 15 illustrates the axes of the aircraft.

6-12. The longitudinal axis extends from the
nose to the tail through the center of gravity.
Movement around this axis is called roll. The
lateral axis extends from wing tip to wing tip
through the center of gravity, CG. Movement
around this axis is called pitch. The vertical axis
passes vertically through the CG and movement
around this axis is called yaw. .

6-13. The names roll, pitch, and yaw are used
in describing the motion about an aircraft's
axes. These were originally nautical terms. They
have been adapted to aeronautical terminology
because of the similarity of motion between an
aircraft and a ship. Consequently, the motion
about the longitudinal axis is called roll. Motion
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about the lateral axis Ia called pitCh, which is
similar to,the pitchi g motion of a ship as it plows
through a heavy sa Fmally, an aircraft moves
about its vertical xis in a motion called yaw,
deviating from its course in an angular motion
such as you woul4 use in sculling a boat.

6-14. What causes the aircraft to move around
these axes? That is a good question. The next
few paragraphs will answer it for you.

6-15. Flight Control Surfaces. When you drive
an auto, I'm sure you know what happens as
you turn the steering wheel. Do you know what
happens when a pilot moves the control stick to
the.right? Can you picture in your mind what
actually turns the aircraft to the right? To an-
swer these questions, you must know, the actions
of control surfaces,of the aircraft. To make these
actions. 'easier, to understand let's break these
snrf aces 'into two categories, primary and secon-
dary flight controls. These are shown. in figure
16. .



6-16. Primary flight control surfaces. Roll,
pitch. and yaw (the motions 'an aircraft makes
around its longitudinal, lateral, and vertical axes)
are controlled by the three main cimtrol surfaces.
Roll is produced by the ailerons located on .the
trailing edge of the wings or by spoilers located
on the upper surface of the wing. Pitch is ef-
fected by the elevators, the rear portion of the
horizontal tail assembly. Yaw is controlled by
movement of the rudder, the rear portion of the
vertical tail assembly. You should remember
that an aircraft often rotates about all three axes
at the same time. You can see a good example
of this when an aircraft accomplishes a climbing
turn. Coordinated movements of ailerons or
spoilers, elevators, and rudder cause the aircraft
to make, in one turning movement, rotations
about the longitudinal, lateral, and vertical axes.
You must keep in mind that on some types of
itircraft the elevators and ailerons are combined,
and generally referred to as elevons. This is'
particularly true of delta-shaped-wing type air-
craft

6-17. The ailerons control the movemerit of
the aircraft about the longitudinal axis. There
are two ailerons, one at the outer trailing edge
of each wing. Moving the control stick or wheel
to lower the aileron on one wing raises the aileron
on the other wing. The wing with the lowered
aileron goes up because of its increased lift; the
wing with the raised aileron goes down because
of decreased lift. The movement of either aileron
is aided by the simultaneous and opposite move,
ment of the aileron on the other wing. When you
apply pressure toward the right of the control
stick, the left aileron goes down, and the right
aileron comes up, rolling the aircraft to the right.
Down movement of the left aileron changes the
wing camber and increases the angle of attacic.
The right aileron moves upward to change the
camber; this results in a decreased angle of attack.
Thus, decreased lift on the right wing and in-
creased lift on the left wing causes a roll and re-
sults in a bank to the right.

6-18. Wing spoilers may be used to reduce
speed or for control in place of ailerons. For
example, in level flight, spoilers may be used as
a speed brake to reduce speed for a high rate
of descent or simply to slow down the aircraft.
During landing, spoilers may be used to spoil
effective extra lift created by the flaps so that
landings can be accomplished on relatively short
runways. Also, wing spoilers may take the plate
of ailerons. They may be moved individually,
and cause one wing to go down because of its
decreased lift, which results in a roll or turning of
the aircraft on its lateral axis.
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6-19. The elevators control aircraft movement
about the lateral axis and produce the motion
known as pitching. They may form the rear part
of the wing assembly on delta-wing aircraft, or
they milibe part Of the horizontal tail assembly
and, thereby, free to move up and down. Like
the ailerons which are fastened to the trailing
edge of the wing, the elevators are also hinged to
a fixed or movable surface horizontal stabilizer.
On some aircraft, the horizontal stabilizer itself
acts as an elevator. Together, the stabilizer and
elevators form a single airfoil; and a change in
position of the elevators changes the camber of
the airfoil, increasing or decreasing the lift. Like
the ailerons, the elevators are actuated through
the control stick or wheel. , Pushing the stick
forward cduses the elevators to go down. This
action brings the tail up and the nose down,
which causes a dive. Pulling the stick back
causes the elevators to move up. This fdrces the
tail downward and the nose upward into a climb.

6-20. The rudder controls the movement of
the aircraft about its vertical axis and ptoduces
tlie motion known as yaw. The rudder is a
movable surface hinged to the vertical stabilizer.
Rudder action is very much like elevator action,
except that it moves in a different plane. When
the rudder is moved to one side, the shape of the
airfoil is changed, producing a horizontal force
opposite in direction to that of the rudder tis-
placement. The primary purpose of the ru4ider
is to give vertical stability to the aircraft and
counter the eliects of adverse yaw. Turning of
the aircraft cannot be accomplished by the rudder
ilone. Displacement of the rudder by itself
causes a flat skid. A coordinated turn is accom-
plished by banking the aircraft through the use
of the ailerons or spoilers and the rudder. The'
aniount of rudder displacement must be exact to
prevent slipping or skidding during the turn.

6-21. Secondary flight control surfaces. The
secondary control surfaces are the trim tabs, bal-
ance tabs,' and servo tabs. These.tabs are used
to reduce the fdrce required to actuate the pri-
mary control surfaces and for trimming and bal-
ancing the aircraft while in flight. These tabs
are small airfoils attached to, or recessed into,
the trailing edge of the primary control surfaces.

6-22. Sometimes an Aircraft is loaded in such
a way that it is slightly wing heavy, tail heavy,
or nose heavy. To offset such unbalanced forces,
the pilot would have to exert a constant pressure
on the control stick or rudder pedals. To relieve
this fatiguing effort, ailemns, elevators, aqd rud-
ders are often provided with trim tabs.

6-23. Balancing tabs look like trim ta s _and
aro hinged in approximately the same pl ces as
trim tabs. The main difference between the two
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' Figure 17. Hydraulic system pack location.

is that the balancing tab is connected to the
airfoil in such a way that when the main control
surface is moved in any direction, the tab is
moved in the opposite direction. The airflow

' striking the tab counterbalances some of the pres-
sure against the primary control surface and en-
ables the pilot to move and hold it in position.

6-24.eo tabs are used primarily on large
airfoils help the pilot move the heavy primary
control surfaces. The tab control cables or rods
are linked in a manner that allows the tab move-
ment to precede the movement of the main con-
trol,surface. This type of tab enables the pilot to
move the controls 'with considerably less control
pressure than is required in aircraft of compara-
ble size tid speed without lervo tabs.

6-25. late-model, high-performance air-
craft, especially, fighter type, all control surfaces
are actuated through the use of hydraulic pits,
sure. This eliminates the necessity for assisting
the pilot in the movement of the control surfaces
through the use of tabs. If trimming action is
necessary, it is accomplished by movement of
the complete control surface. The trim system is
electrically acttiated. .

6-26) The location of flight Control surfaCes
on cimventional-winged and delta-winged air-

,,
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craft is shown in figure 16. In the left view,
note that tabs have been added to the control
surface group. These tabs are used in the man-
ner described earlier. The aircraft shown in the
right view has only three control surfaces. The
elevons have replaced the elevators and ailerons,
but the rudder has remained the same in respect
to function and location. The operation of 'flight
control surfaces is the same on the many different
types of aircraft in use.

6-27. We have reviewed the principles of
flight, 'the effect the various control surfaces have
on the flight of the aircraft, and how an aircraft
is identified by a combination of letters and num-
bers. Now let's discuss the akcraft systems neces-

(sary for the safe flight of the aircraft.

7. Malor Aircraft Systoms
7-1. As an electrician, you should learn the

,location of the various components and equip-
ment on an aircraft. These items are not dis-
cussed in any great detail in this section; however,
by studying the applicable aircraft technical
orders, you can become familiar with their lo-
cations. One of the major control systems is
the hydraulic system.
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Figure 20. Typical generator drive unit.

7-2. Hydraulic Syst. Figure 17 illustrates an
air-turbine-driven hydraulic system. There are 10
independent hydraulic pressure systems (power
packs) located in the fuselage and wings, as

shown in figure 17, to meet the hydraulic re-
quirements. Each system has a low-pressure
warning circuit that provides a visual indication
of the normal pressire_ failure. This warning
circuit is connected to a hydraulic pump pressure
line of each system. In the event the turbine-
driven pump is unable to maintain the normal
operating pressure, there is an alternate source
of hydraulic pressure. This alternate source is
powered by a three-phase, motor-driven, AC
pump which cuts in autOmatically when system
pressure drops below a preset value. #

7-3. Figure 18 shows an engine-driven hy-
draulic system. This system consists of six self-
contained independent hydraulic power sections,
and it functions in much the same manner as the
turbine-driven system. Some of the features of
the pack system were retained, but many were
chopped.

7-4. The hydraulic low-pressure warning sys-
tem was modified and retained. The automatic
standby pump operation is not included in the
engine-driven system. There are fire shutoff
valves in the engine-driven hydraulic system.

They are controlled by the engine fire shutoff
switches. The shutoff valves control the flow of
hydraulic oil from the hydraulic reservoirs to the
engine pumps, thus permitting the oil flow to be
shut off in the event of an engineNre. When an
engine fire shutoff valve switch is pulled, the
valve motor is energized. This causes the valve
to close and iriterrupt the flow of hydraulic fluid.

7-5. Each of the individual hydraulic power
systems has the function of supplying fluid under
pressure to one or more hydraulically operated

\aircraft systems. Examples of the hydraulically
operated systems are as follows: the landing
gear, the wheel brakes, the steering, the cross-
wind crab, the bomb doors, the inflight refueling,
and the flight controls, as shown in figure 18.
Here we will discuss only two of these systems,
the Ihntiing .gear and the brake system.

7-6. The particular type of landing gear that
is shown in figure 19 is referred to as a quadri-.
cycle gear. The weight of the 'aircraft rests on
four main gears positioned -at the corners of a
rectangle beneath the fuselage. Each of these
main gears has dual wheels, proyiding eight tires
that support the load of the aircraft. The main
gears are electrically controlled, hydraulically op-
erated, and mechanically locked.
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Fig= 21. Typical electrical installation..

7-7. On the quadricycle landing gear, the four
main gears have expander tube brakes, and each
wheel has an inner and outer brake assembly.
Th8 brakes are operated by applying toe pressure
to either the pilot's or copilot's rudder pedals.
To automatically prevent skidding of the tires
during the landing roll of the aircraft, an antiskid
system is installed. This system has individual
skid detectors in the hubs of each 'main gear
wheel and control relays, which in turn control
solenoid valves in the brake lines. When a skid
condition occurs or a wheel locks, a solenoid
valve is actuated to release brake pressure on the
skidding wheel. When it has recovered its rolling
speed, the solenoid valves are released, and the
hydraulic pressure is again applied to restore
braking action. Another major system, as you
know, is our own electrical system.

7-8. Electrical System. At the present, let us
discuss, in general, the power systems you will
study in greater detail in other volumes of this
course. The electrical requirements on an air-
craft are met by both AC and DC power supplies
and distribution systems. For example, the al-
ternating-current power may be furniihed by AC
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E. VOLTAGE REGULATORS
'F. GENERAOR CONTROL PANELS

generators; each driven by a pneumatic' turbte
or directly by the engine. The direct current
may be furnished by TR (transformer rectifier)
units which are powered from the AC power
system. The 24-volt battery on the airctaft also
provides DC when the main% DC power is not
available.

7-9. A typical generator drive Unit .is illue-
trated in figure 20. This unit (b) is mounted
on the engine and drives the generator (d) at a
constant speed. This unit is sometimes referred
to as a CSD (constant-speed drive). The CSD
output speed is regulated by a governor control
system, and is "powered from a gearbox in the
engine accessory section. The drive unit is oil
cooled, as illustrated in figure 20. The drive oil
cooler (c) is supplied from the drive oil tank (a).

7-10. Each AC generator has a voltage regu-
lator, as' illustrated in figure 21. The voltage
regulator (e) may be of a static type, iransistor-
ized printed circuit design. The regulator may
be essentially a two-stage magnetic amplifier
with multiple control circuits. If it isan exciter
type regulator, then the unit takes- AC power
from the generator output, rectifies it, and sup-
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Cartoon S. ALOets a Blast.

plies this power to the shunt field of the exciter
generator. This is required tp maintain a con-
stant voltage output. The functions performed by
the regulator are voltage regulation, reactive
load division, current limiting, and the rectifica-
tion of the permanent magnet generator power
output. .

.

7-11. The AC system is also provided with
generator control panels (f). The function of
each panel is to protect the generator and genera-
tor drive in .case the generator drive, voltage
regulator, or frequency and load controller do
not function to maintain system operation within
the required limits. The generator breaker (c)
and bus tie breaker-(b), when closed, caus6 the
power-on lights (a) to illuminate. The distribu-
tion circuiC breakers (d) control power to indi-
vidual circuits. You will study these components
of the AC power systein ip other volumes in this
course.

8. Sorvicing- Materials far Aircraft Sys s

8-1. Let's change gears now and discuss a te-
lated area. There is a variety of fuels, fluids,
and lubricants used by the aircraft we have dis-

/

cussed. How these affect you and what you
should know about them are the next points of
discussion.

8-2. Fuel, Fluids, and Lubricants. It is not our
1 t to convert you to mature "grease mon-
ey." However, you will be a much better elec-

trician by having a general knowledge in this
area.

8-3. Fuel. This is a liquid that has been re-
fined or compounded to meet the requirements
of a specific engine. It does a fine job of pro-.
ducing power when we use it in this manner.
However, when people like Al use it for cleaning
solvent or lighter fluid, they sometimes get an
unexpected blast.

84. Fuel lines are color coded with a -red
marking tape. Don't connect. any wiring to one
of these. Most fuels will cause a skin rash or
dryness and some cause lead poison. What am I
saying? If at all possible, keep fuel off your skin.
The fuel runs the engine, but what moves the
flight controls and landing gear?That's another
good question; let's find an answer.

8-5. Fluids and lubricants. Hydraulic systems
-must be serviced with the proper fluid. Other
systems need lubrication for proper operation.
Hydraulic fluids are generally classified as to
their type of base. For, example, there is the
petroleum-base fluid, the vegetable-base fluid,
and the new synthetic-base fluid.

8-6. Petroleum-base fruid is presently being
specified as MILH-5606. It is dyed red for
easy identification arid 'is supplied in 1-gallon
containers, available in one grade only. This
one grade has an operating range of 67° F.
( 55° C.) to +160 F. (71° C.). The ad-
vantage of this wide operating range is the ability
of the fluid to perform adequately in summer
and winter temperatures. The seals required
with the petroleum base fluid may be synthetic
rubber, leather, or metal composition. This type
of fluid is presently prescribed for use in most
aircraft hydraulic systems.

8-7. Another petroleum base fluid is presently
known as MIL 0 6083A. Fluid 6083A is in-
tended for use as a preservative oil in shock
struts, and as a fleshing oil for some hydraulic
components. It may also be used as an all-
temperature operating fluid in independently
serviced shock struts. However, it should not be
used as an operating fluid in aircraft hydraulic
systems.

8-8. Vegetable base fluid, Specification MIL
H-7644, is used in aircraft systems that use
natural rubber seals. It has a bluish color and is
easy to distinguish from the petroleum-base type.
However, this vegetable-base fluid is becoming
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obsolete beCause it has to be supplied in two
grades (A and C); grade A is heavy for summer
use, and grade C is light for winter use. The use
of the fluid is limited Jo hydraulic systems ancl
units that have not yet been modified to use
synthetic rubber seals.

8-9. The best way to determine what fluid
must be used is to consult the maintenance in-
struction technical order applicable to that par-
ticular aircraft. Another method is to read the
instruction plate affixed to the individual unit ,or
reservoir and notice the color of the fluid con-
tained in the system.

8-10. Whenever fluid is drained from an air-
craft hydraulic system or component, it must not
be reused. Instead, it must be tagged accordingly
and disposed of as administratively condemned
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property according to applicable Air Force reg-
ulations.

8-11. Some of the hydraulic systems used in
high-speed supersonic aircraft require specially
developed hydraulic fluids that have an operating
range of abnormally high temperatures. The
maln reasons for using this type of fluid are the
close tolerance of the various actuating units, the
specially, designed metering valves, and the over-
all heat generated by the supersonic speed of the
aircraft..

8-12. Synthetic base fluid, MIL-0-8446A,
can be distinguished from other hydraulic fluids
by its golden-amber color. Remember, MIL-0-
8446A is not a .general-purpose fluid. The main-
tenance instruction technical order should he
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consulted before any servicing, flushing, or other
maintenance procedures are carried out.

8-13. Seals used with MIL-0-8446A are not
interchangeable with teals used with any other
type of hydraulic fluid. Also, the seals used with
MIL-0-8446A are hard to distinguish from
other types of hydraulic seals. Hence, when re-
placing any seals used with the MIL-0-8446A,
make certain that they are properly packaged
and labeled wten you receive them.

8-14. You Will lubricate most units of an air-
craft during the periodic inspection; using hand,
brush, oil can, or pressure gun. You can rmd
details for this lubrication in the servicing section
of the aircraft maintenance manual and on the

back of the impectioniworkcards. When using
these lubrication charts, pay partiCular attention
to the chart key and ,to the table of lubrication
symbols. Greases are made to specification, ac-
cording to operating temperature requirements.
Always use the grease specified by the lubrica-
tion chart and follow the specific instructions
listed on these cards.

8-15. Now that we have discussed these dif-
ferent fluids, fuel, and lubrication, how can we
till one system from another? This is easy to do
from the filler cap end because it is labeled.
What happens if you are in a wheel well facing a
maze of tubing? There must be a coding system;
agree?

8-16. Color Coding on Plumbing. We men-
tioned coding once when we were discussing
fuels. Each system that uses pluMbing or tubing
as a means of interconnecting its components has

a code.
8-17. Color codes on tubing are in the form

of tapes or bands. A band is located on each
tube segment, every 24 inches or less. In any
event, a band is visible from any position. Figure

35

COUPLING NUT
TO

iNTEGRAL

COUPLING NUT
TO

CLA;AP ADAPTER

42330-1-3-41

22 shows the common, systems and their color
codes.

8-18. The list shown in figure 22 covers most
of the codes you will encounter. These will get
you started. Remember, however, that in the
maintenance instructions for an aircraft you will
find the applicable color coding for that aircraft.
Always refer to the technical order for a com-
plete color-code listing.

9. Electrical Hcirdware and Handtools
9-1. We have discussed the aircraft in general,

the types, how they fly, their major systems, and
their service requirements. Now let's discuss
some maintenance materials that you will use to
keep the aircraft ready for flight.

9-2. Electrical Hardware. Just what do we
mean by electrical hardware? These are the
bench stock items that you, as an electrician, use
to maintain the electrical system of any aircraft.
However, the first item mentioned, safety devices,
may be found in any bench stock.

9-3. Safety devices. Aircraft vibration tends to
loosen or alter adjustment of various parts, such
as nuts, turnbucldes, and screws. Therefore,
parts that are intended for disassembly or adjust-
ment are safetied by an auxiliary device or a
"self-safety" feature. For example, the cotter
pin is used for safetying various units such as cas-
tle nuts, clevis pins, and flathead pins. Cotter
pins and safety wire are the most commonly used
safety devices. Safety wire is used to safety
screws, bolts, nuts, and electrical connectors. Fig-
ure 23 illustrates the safety wiring of electrical
connectors. When replacing safety-wired electri-
cal connectors, use only new safety wire; do not
attempt to reuse the old safety wire. Be sure
the safety wire does not become kinked or nicked
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Figure 24. Rotary selectorjwitch.

during the twisting operation, and that the plating
on the zinc-coated wire is not damaged. If_wire
is damaged, you should replace it with new safety
wire. In order to align holes for safety wiring,
you should not "back off" or overtorque the
mounting Muster-head screws.

9-4. Copper wire, aluminum wire, or other
similar wire called for in specific technical orders
should be used as seals on equipment such as
first-aid kits, portable fire extinguishers, emer-
gency valves, or oxygen regulators. A secure seal
indicates that the component has not been
opened. When using safety wire as a seal, par-
ticular care should be exercised to assure that
the safety wire will not prevent emergency op-
eration of the devices. In all applications, the
wire should be arranged between the parts or
between a part and its anchorage in such a man-
ner as to oppose any loosening of the part.

9-5. Another safety device is the lockwasher;
it exerts spring pressure on the underside of a
bolt or nut. Thus, the threads of the nut or bolt
are kept under tension and resist any tendency
for the bolt or nut to ,turn. It is recommended
that you use a plain washer underneath a lock-
washer to prevent the damage that may occur
on soft metal surfaces. Also, plain washers
should be used under nuts to provide a smooth-
earing surface. Now let's discuss some hard-
ware that especially pertains to you as an eleC-
trician. The first of these is controlling devises.

9-6. Circuit-controlling devices. The prdper
functioning of electrical equipment depends upon
its control-circuit operation. Directing current to
a particular piece of equipment is not a compli-
cated feat; starting, stopping, varying, and re-
versing the current is another matter. Foz these
purposes, we must have other units if we are to

control quickly and easily the various \circuits
found in aircraft. The most common cotitrol unit
is the switch.

9-7. A,switch may be described as a device
used in an electrical circuit for making, breaking,
or changing connections Inder conditions for
which the switch is rated. Switches are rated in
amperes and volts; the rating refers to the max-
imum voltage and current of the circuit in which
the s'witch is to be used. Since it is placed in
series, all the current will pass through the
switch; because when it opens the circuit, the ap-
plied voltage will appear across the switch in the
.open circuit position. Switch contacts should be
opened and closed quickly to minimize arcing;
therefore, switches generally use a snap action.

9-8: Many types and classifications of switches
have been developed. The common designation
is by the number of poles, throws, and positions
they have. The number of poles indicates the
number f terminals at which,current can enter
the switcli. The throw of a switch signifies the
number of circuits each blade or contractor can
complete through the switch. The number of po-
sitions indicates the number of places at which
'the operating device (toggle, plunger, etc.) will
come to rest.

9-9. An example of the switch-position desig-
nation is a toggle switch that comes to rest at ei-
ther of two positions, opening the circuit in one
position and completing it in another. This is
called a two-position switch. A toggle switch that
is spring-loaded to the OFF position and that
must be held in the ON position to complete--
the circuit is called a momentary contact two-po-
sition switch. A toggle switch that will come to
rest at any of three positions is called a three-
position switch.

9-10. Pushbutton switches have one or more
stationary contacts and one or more movable con-
tacts. The movable contacts are attached to the
pushbutton by an insulator. The switch is usually
spring-loaded and is of the momentary contact
type. These switches have many uses; for exam-
ple, they may be used as indicator light checks
and for circuit reset. Occasionally you will find
the push-on and push-off types of switches, but
these types are not very common.

9-11. A rotary selector switch may perform
the functions of a number, of switches. This is

'accomplished, as shown in figure 24, by intro-
ducing power at the common terminal (c), which
is mounted sin the insulating ring (a). This
power is then conducted from (c) through the
statiovry contact (b) to the conducting ring (4).
Thus, power is available at the movable contact
(e) at all times. M the knob of a rotary selector

36



switch is rotated, it opens one circuit and closes
another. Sonic rotary switches have several lay-
ers of wafers. By adding wafers, the Switch can
be made to operate as a large number of switches.
These sWitches are generally referred to as se-.
lector switches. Ignition switches and voltmeter
selector switches are typical ekamples."---

9-12. Mechanically operated switches are
used for such purposes as landing-gear position
indication, bomb-bay-door position indication,
and as various drive limit switChes. Many of
these sensitive, snap-acting switches are found on
aircraft They are widely used because tfiey are
small, light, and very dependable. Although the
term "Microswitch" is frequently used in refer-
ring to all switches of this type, it is a trade name
for the switches made by the Microswitch Divi-
sion of the Minneapolis Honeywell Regulator
Company.

9-13. Switches of this type open or close a cir-
cuit with a very small movement of the tripping
device (34 6 inch or less). They are usually of the
pushbutton variety and usually depend upon one
or more springs for their snap action. When the
pressure of the plunger is removed, the spring
again snaps the contact to the CLOSED position;
this prepares the circuit for a new cycle. The
versatility of this type of switch is tremendous
because of the Eumber of different mounting sup-
ports that have been devised for its support.

94... A thermal switch usually incorporates a
bimetallic strip that bends or snaps at a desired
temperature to actuate the switch. This type of
switch is found in fire and overheat warning cir-
cuits. The operation' of these switches is auto-
matic whenever the preset temperature is

reached. They may either be -used merely to turn
on -a light for an indication, orin the case of
an automatic control systemto start a chain of
events for proper control.

9-15. While the switch itself is relatively sim-
ple to check, it sometim'es presents a difficulty
because it is located in an inaccessible place. Af-
ter a vi:ual inspection of the connections and the
switch, a continuity test will indicate any mal-
function. When the switch mechanism is found
to be defective, it is. usually replaced, since it

is normally not reparable. Inclosed switches
that are improperly sealed tend to allow moisture
to condense in them, which shorts across the
switch terminals and causes the switches to be-
come defective. This difficulty may be corrected
by carefully sealing the openings or using her-
metically sealed switches. Hermetically sealed
switches also prevent dust and dirt from
reaching the contacts and thereby reduce the
possibility of high resistance and open circuits.

9-16. Some switch assemblies are equipped
with adjustments that enable them to operate at

*a preset time or pressure. These adjustments
should be made, carefully, since damage may re-
sult if they are not accurate.

9-17. The various types of switches we have
discussed are used for the direct control of a
circuit. But *hat about circuits that require
heavy current flow or that simply cannot be reg-
ulated directly? For these, we have devices ap-
propriately called relays.

9418. Relays are electrically operated switches
that are classified according to their use as con-
trol, power, or senshig relays. The use of re-
lays saves space and weight in aircraft by per-
mitting the use of small switches at remote
stations. These switches permit the operator to
control large amounts of current at other locations
in the aircraft, and thereby the heavy power
cables need only be run to the point of use. Only
lightweight control wires are connected to the
control switches. Safety is also an important fac-
tor in using relays, since high power circuits can
be kept out of the cockpit.

.
9-19. The power relays are the workho es of

the aircraft's electrical system. As such, th con-
trol the heavy power circuits. ,The functi n of a
control relay is to take a relatively small amount
of electrical power and use it either to signal or
to control a large amount of power. Control re-
lays, as their name implies, are frequently used
in the control of othef relays, although the small
control- relays have many other uses. With these,
electron plate currents can control the larger cur-
rents necessary to operate electrical devices.
Control relays can also be used in so-called lock-
nut, interlock, or sensing relay positions. The
automatic functioning circuits in our modern air-
craft could not function without the use of dif-
ferent combinations of relays.

9-20. A relay consists of a coil, a stationary
iron core, and fixed and movable contacts. A
small current is passed through the coil, creating
a magnetic field. Then the core, by magnetic
attraction, pulls down the armature to which the
contacts are attached and completes the electrical
circuit for the device which is to be oPer-
ated. When the control circuit current is inter-
rupted, the magnetic field about the coil col-
lapses, and a spring forces the armatute to return
to its original position'. This separates the con-
tacts and opens the circuit of the device being
controlled. .

9-21. Many different types, of relays are in
general use today in various aircraft installations.
The main differences between them are in oper-
ating voltages, current-carrying capacity, mount-
ing, and control function (continuous or intermit-
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tent operation), The data plate of the new relay
should be checked before installation, because
the ,outward 'appearance can be misleading. A
relay designed for intermittent operation would
not hold up very long if it were installed in a
'position calling for a continuous duty relay.

9-22. Variable resistance devices are used ex-,
tensively in aircraft to control the intensity of
lights and speed of various small motors. They
also vary the voltage (and hence the current) to
an operating unit within a definite range of val-
ues. Variable resistance devices are classed as
either rheostats or potentiometers, depending on
the number of electriCal contants_they have.

9-3. A rheostat, sometimes referred to as a
variable resistor.? consists of a circular insulator
around which resistance material has been
placed. A movable contact that contacts the re-
sistance material is mounted_on a rotatable shaft.
The shaft is mounted concentrically with the in-
sulating material. Circuit resistance is varied by
the position of the movable contact. A knob is
provided to facilitate adjusting rheostats which
must be adjusted frequently. Rheostats that are
designed for basic circuit calibration, rather than
frequent adjustments, generally require a screw-
driver for adjustment. In this case, the screw on
the movable contact js loosened, and the contact
is moved along the resistance strip until the de-
sired resistance is obtained.

9-24. Rfteostats are rated at normal tempera-
tures in terms of maximum resiitance, current,
and power. This means that at normal tempera-
tures the values stated are: the top resistance
available in the circuit, the most current the rheo-
stat can carry, and the most power that it can
dissipate without overheating. All values must
be taken into consideration when replacing a rhe-
ostat.

9-25. Another variable resistance device is the
potentiometer. Most maintenance men refer to
this device as a "pot." It is similar to the rheo-
stat in external appearance. Potentiometers are
rated in the same manner as rheostats; the rat-
ings are resistance, current, and power. When
they are used in circuits that require a variable
resistance only, just one end connection and the
movable contact are used. When a pot is used
to adjust voltage (voltage divider), all three con-
tacts are used. Input power may be qpplied
across the resistance strip and output power-taken
from one end of the resistance strip arld, the
movable contact. Power may be applied to' the
movable contact, and its position determines the
magnitudes of the two voltages Atailable atthoth
ends of the resistance strip.

9-26. Electrical hardware has supplied the
means of connecting and supporting the wiring
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which provides the path for electrical current
throughout the aircraft A means of overload
protection for this wiring must also be provided.
Therefore, we shall now discuss the various cir-
cuit-protection devices.

9-27. Circuit-protection devices. The electri-
cal systems of an aircraft are protected from
damage and failure by fuses, circuit breakers, and
current limiters. The simplest overcurrent pro-
tection device is the fuse.

9-28. A fuse is a short length of wire or metal
ribbon inside a suitably inclosed container. A
current flow greater than the amount for which
the fuse was designed causes the metal to heat
and melt, opening die circuit which is being pro-
tected. A fuse is always placed in series with a
circuit so that it opens the circuit automatically.
The current capacity of each fuse is marked on
its side. In the case of Ihe cartridge type fuse,
the current rating is n,..154rked on the ferrule (end
cap). Also marked on this type fuse is an AG
number (such as 3AG, 4AG) 'which indicates
size and type body, in this case, a glass body.
An AB number, indicates a bakelite body.

9-29. Fuses are further classified as instanta-
neous or time delay types. The instantaneous
fuse will carry its rated current indefinitely, but,
it will quickly open the circuit when it is rated ca-
pacity is exceeded by about 25 percent. Time
delay or "slow blow" fuses (as they are gen-
erally called) are designed to stanu ...verloads
for some time before blowing. This feature is
necessary to keep short-time surges, such as high-
starting current for motors, from melting (blow-
ing) the fuse. This time delay permits momen-
tary high current without injuring the fuse, while
continuous excessive current causes a rupture of
the fuse.

9-SO. Another consideration in the use of a
fuse is the voltage rating. This rating refers to
the maximum voltage possible in the circuit in
which the fuse is used. It is the voltage that
the fuse construction can safely handle without
arcing. If the fuse opens, the entire applied volt-
age of the circuit will appear across it. Therefore,
the voltage rating of the fuse should be higher
than the maximum circuit voltage.

9-31. Fuses used in aircraft are not the reus-
able or reparable type. fuse used in an aircraft
must be replaced with a new fuse after the de-
fective equipment has been repaired that caused
the fuse to blow. When a fuse has a glass body,
a simple visual inspection will reveal a blown
fuse.' With the bakeliteand sometimes even
with the indicator typefuses, it becomes neces-
sary to use a millimeter and make a continuiry
check of the suspected fuse.
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9-32. Current limiters are devices somewhat
similar to fuses, and are used in aircraft circuits

-that-carry-heavy currents. -This-circuit protector
consists of a copper link with a "weak section"
of calibrated dimensions. These sections blow or
melt in the same manner as those of tilt car-
tridge fuse when the circuit becomes overloaded
or shorted. Two properly insulated and spaced
bolts or studs are all that are required for mount-
ing.

9-33. Current limiters are generally placed at
both ends of a parallel bus feeder system. If a
short occurs in the system, both current,limiters.
will blow and completely isolate the fault. The
remaining feeder leads can then continue to sup-
ply power to the bus.

9-34. When a high-current fault occurs in the
main power distribution, all current limiters be-
tween the fault and the primary bus are subjected
to an overload which may have affected their
current-carrying capacity. Therefore, when such
a fault is discovered, all limiters in the power
circuit back to the primary bus should be re-

41aced. If doubt exists about the magnitude of
fault, limiters should be replaced, since damage
to them may not always be visible. It is impor-
tant to replace a current limiter with the proper
type, since a time delay type does not provide
the proper protection in a circuit that requires an
instantaneous type. .

9-35. The most commonly used circuit protec-
tion device in aircraft is the circuit breaker. It is
designed to open the circuit under short-circuited
or overloaded conditions without injury to itself.
Thus, it performs the same function as the fuse
or current limiter. but it has the advantage that
it is capable of being reset and used again. In
the same manner as the fuse, the circuit breaker
is rated in amperes and voltage.

9-36. Circuit breakers used in aircraft are
commonly categorized according to the way the
circuit-breaking action is initiated; either ther-
mal, magnetic, or thermomagnetic. Our coverage
here is directed primarily to thermal circuit
lifirakers, since they are the most widely used.
Thermal circuit breakers are further divided into
subcategories by the manner in which they are
reset. These subcategories are push-to-reset
breaker, switch breaker, or push-pull breaker.

9-37. A thermal push-to-reset type breaker
uses a bimetallic strip to ptrform the breaking
action. When the circuit is subjected to an excess
of current, the increased heat causes unequal ex-
pansion of the two metals comprising the cdn-
ducting strip, and the distortion bends the strip
away from the electrical terminals. To reset the
breaker, the operator merely pushes a button that
forces the strip back onto the terminals. When

this type of breaker is closed, the crewmember
has no way of opening it.

9-38. Realizingthat you sodetimes find it
neccssary to open the circuit breakers manually,
the manufacturers designed a type of thermal
breaker known as the push-put. breaker. These
breakers are equipped with a red collar that sur-
rounds the operating_ shaft. When tile circuit
breaker is open, the red collar shows; when
it is closed, the collar is inside the mechanism.
This arrangement provides you With a quick way
of visually checking any circuit-breaker panel for
"popped" breaker. The push-pull circuit break-
ers are small, and their external projection from
the panel is designed to reduce the possibility
of catching your clothing on them, and thus acci-
dentally interrupting an operating circuit.
)9-39. Another model of a thermal cir-

cuit breaker is called-the switch typel. The op-
erator may open as well as close this kind of
breaker. Externally, this breaker appears to be
similar to a toggle switch. The togglelike mech-
anism is the resetter, which may also be used as
a single-throw switch to turn the circuit on or off.

9-40. Circuit breakers are further classified as
trip-free and non-trip-free. You can hold the
non-trip-free circuit breakers closed while a trip-
ping condition exists. This type of breaker
is generally used in circuits that constitute an in-
flight emergency if not energized, such as land-
ing gear of flap circuits. These breakers should
be held closed only in an emergency; and since
this Action is likely to change the calibration of
the breaker, it should be replaced. The trip-free
break is the more commonly used of the tOo
types. This circuit breaker cannot be held in the
rcset position.

9-41. On the ground, whenever a circuit
breaker interrupts the circuit, you check to de-
termine the reason for the excessive current be-
fore any further attempt is made to operate the
affected system. Sometimes circuit breakers be-
come weak as a result of "old age" and of
being tripped or reset so many times. These
breakers should be replaced with new items.
Along.with confrolling and protective devices, we
must have a means Of connecting wires together
to make a complete circuit. This is the next point
in our discussion.

9-42. Terminals and splices. Since aircraft
wires are stranded, it is necessary for you to use
terminal lugs to hold the strands together, which
facilitates fastening the wires to terminal studs.
The terminals used in electrical wiring are either
of the soldered type or the crimped type. Ter-
minals used in repair work must be of the size
and type specified on the electrical wining dia-
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gram for the particular aircraft. In special cases,
such as -on thermocouple leads, the connections
are soldered. Other than thermocouple connec-
tions, the soldering of splices and terminals ,is
limited to emergency repair.

9-43. The increated use of trimp-on terminals
is based to a large degree upon the limitations
of soldeztd terminals. The quality of soldered
connections depends mostly upon the technician's
skill. Such factors as temperature, flux, clean-
liness, oxides, and insulation damage caused by
heat also contribute to defective connections.

9-44. The installation of the crimp-on solder-
less terminals requires relatively little technical
skill. This allows terminals to be applied in an
aircraft with a minimum of time and effort. The
connections are made more rapidly, are cleaner,
and are more uniform. Because of the pressures
exerted and the materials used, the crimped con-
nection or splice, when properly made, has an
electrical resistance that is less than that of 'an
equivalent length of wire.

9-45. Since both copper aqd,aluminum wiring
are used in current aircraftl'bth copper and
aluminum terminals and splices are necessary.
The c per terminals and splices should be used
only co ire, and the aluminum termi-
nals an splic should be used on aluminum
wire. Various size terminal or stud holes will be
found for each of the different wire sizes. A fur-
ther refinement of the solderless terminals is the
insulated type. The barrel of the terminal is
inclosed in an insulation material (see fig. 25).
The insulation is compressed along with the ter-
minal barrel when crimping but is not damaged
in the process. This eliminates the necessity of
taping or tying an insulating sleeve over the
joint.

9-46. You use different types of crimping
tools with the different types of terminals and
splices. Wherever possible, the manufacturer's

crimping tool should be matched with his termi-
nals and splices. Figure 26 shows some different
brands and tyPes of terminals and,splices. Notice
the different methods of crimping used on each.
If you personally desire information about termi-
nals and splices, refer to TO 1-1A-14. What if
you need to make a connection that is not per-
manent? What kind of connection would you
make? Let's continue and see.

9-47. Electrical connectors. Electrical connec-
tors are designed to provide a detachable means
of coupling between major components of elec-
trical and electronic equipment. These connec-
tors are constructed to withstand the extreme
operating conditions imposed by airborne service. ,
They must make and hold electrical contact
without excessive voltage drop despite extreme
vibration, rapid shifts in temperature, and great
changes in altitude.

9-48. In the discussion which follows, we shall
use the word "connector" in .a general sense.
It applies equally well to connectors designated
by AN numbers and those designated by MS
numbers. AN numbers were formerly used for
all supply items cataloged jointly by the Army
and Navy. Many items, especially those of older
design, continue to carry the AN designation,
even, though the supply system is shifting over to
MS (military standard) numbers.

9-49. Connectors consist of two portionsthe
fixed portion, called the receptacle, and the mov-
able portion, called the plug. Plug assemblies
may be of the straight type or the 900 type, while
receptacle assemblies may be of the wall-mount-
ing, box-mounting, or integral-mounting type.
MS numbers and letters identify the type, style,
and arrangement of a connector.

9-50. These connectors vary widely in design
and application. Each connector consists of a
plug assembly and a receptacle assembly. The
two assemblies are coupled by means of a coupl-
ing nut, and each assembly consists of a. metal
shell containinr an insulating insert which holds
the current-carrying contacts. The shells of MS
connectors are made in various types, each for
a particular kind of application. A letter designa-
tion is used in the MS number to indicate the
shell design or type. All MS cqnnectors have
aluminum alloy shells except Class K, which has
a steel shell for fire resistance. Just be sure to
replace a connector with an identical connector
or an authorized replacement.

9-51. TS present practice is to use potted
connectors (moisture-proof er environment-proof
connectors). However, operating conditions
sometimes demand that ordinary electrical con-
nectors on older types of aircraft be given a
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moisture-proofing treatment. The basis of mois-
ture-proofing is the application of a sealing com-
pound to the back shell portion of the connector.

9-52. Moisture-proofing reduces failure of
electrical connectors and reinforces the wires at
the connectors against failure caused by vibration
and lateral pressure; both of these conditions
min wire fatigue at the solder cup. The sealing
compound also protects electric connectors from
corrosion and contamination by excluding metal-
lic particles, moisture, and aircraft liquids. As a
result of its improved insulating characteristics,
it reduce the possibility of arc-over between pins
at the back of the electrical c9nnectors.

?43. TO 1-1A-14 gives directions for mix-
ing and installing sealing compelund. Prior to
potting a connector, spare wires should be in-

AMP

i

...

INSPECTION PLUG

MS25435

stalled on all the unused pins. Use the largest
gage wire that would normally be attached to
each contact. The spare wires should be identi-
fied as to their size and pin connection. The
exposed ends of these wires should be termi-
nated with end caps.

9-54. The reason you solder a short length
of wire to each spare pin is to provide for addi-
tional circuits to be included in the connector,

. or to reduce the need of repairing a single wire
which may have failed within the connector by
making a splice to one of the spare wires. If no
spare wire is avillable in the connector and, a

..single wire must be replaced, you take the back
shell off and remove the potting compound with
a knife or long-nose pliers. After you repair the
wire, the plug may be returned to its original

BURNDY THOMAS & BETTS

PRE.INSULATED COPPER TERMINAL LUGS M525036'

M525021 (OBSOLESCENT) M525439

ALUMINUM TERMINAL LUGS
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Figure 26. Solderless terminal lugs and splices.
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condition by applying more potting compound.
The new compound will seal or vulcanize satis-
factorily to any old compound remaining in the
connector. We -have discussed different means
of- connecting nr_splicing_ wire, _but_we haven't
discussed the wire itself. Let's turn our attention
to electrical wire, as it pertains to aircraft.

9-55. Electrical wires. Materials used in the
construction of wire are silver, copper, gold, and
aluminum. Silver is a better electrical conductor
than copper, but copper is more widely used for
economic reasons: The fact that copper is used
as a conducting material to a greater extent than
Itty other material is accounted for not only by
its ability to conduct electrical current and its
relatively low cost, but also by its physical char-
acteristics in general. It has high lensile strength,
relative freedom from atmospheric corrosion, and
is easy to solder.

9-56. Aluminum is the principal competitor
of copper as an electrical conductor; you use it
when minimum weight is a major consideration.
In addition to its light weight, certain problems
encountered with aluminum wire generally re-
strict its use to large-size wire and to positions
such as power-feeder leads. Aluminum, how-
ever, has a number of disadvantages that must
be considered when it is being installed in an
aircraft. Aluminum wire, for instance, is softer
than copper wire, and continued bending of alu-
minum wire will cause "work hardening" of the
metal, which makes 4 brittle. This causes strands
of the wire to fail oi break much sooner than
strands of copper wire. Aluminum wire with
nicked strands should dot be used on an aircraft
because damaged strands will fail in service.

9-57. Another troublesome problem you en-
counter when using aluminum wire is the pres-
ence of electrically resistant aluminum oxide
which you must either penetrate or.remove, to
guarantee a satisfactory eklectrical connection. A
compound called Penetrox A is used to remove
this film.

9-58. For purposes of electrical and electronic
installation in aircraft, an insulated wire consists
of stranded aluminum or copper conductors cov-
ered with a dielectric or insulating material. This
in.sulation may consist of several materials and
layers. It provides dielectric insulation, thermal
protection, abrasion resistance, moisture resist-
ance, and fluid resistance. Insulated wire is usu-
ally referred to as "wire" and we shall refer to
it in this way throughout this volume.

9-59. Wire size is designated by a wire gage
numbering system. The sizes most commonly
used on aircraft vary from number 22, the small-
est, to number 0000 (sometimes written 4/0),
the largett. This System closely approximates
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37
the, American Wire Gage (AWG) system, but
it is improper to refer to aircraft wire as AWG.

9-60. The approximate wire gage is deter-
mined by the smallest slot of the AWG wire
gage that_the stranded wire _will pass through
easily (each plot has an associated number).
Slots larger than that associated with number 1
are identified by fractions which indicate the
wire diameters. You use a wire gage for rough
approximations in the field only when complete
wire tables are not available.

9-61. Insulated wires are rated by the voltage
the insulation can withstand and by the wire's
current-carrying ability. You can obtain the in-
formation you need by referring to the military
specification of a specific wire. For example,
MILW-5086 is a simple conductor copper wire
used for general-purpose wiring on most aircraft
electrical syste s. It is a stranded, tinned-cop-
per conductor ith insulation that is resistant to
abrasion, mois re, and aircraft engine oils. It
is also partly resistant to flame and fungus. Tem-
perature limitations, ohmic values per thousand
feet, and the current-carrying capacity are also
given in the specification.

9-62. For wire replacement, you consult the
aircraft's maintenance instructions manual first,
since it usually lists the wire used in a given air-
craft. When' the wire size cannot be obtained
from this manual, you select the correct size and
type of vAre needed. TO 1-1A-14 can assist
you to make the proper decision while you con-
sider the following factors:

furrent drawn by the load.
Length of wire required. i
Allowable volyage drop of the wire.
Maximum voltage applied.
Approximate temperature to which the wire
is to be subjected.

9-63. Wires built to withstand extremely high
temperatures are used in certain installations.
Take particular note of these installations to in-
sure that general-purpose wiring is not used for
replacement of high-temperature wire.

9-64. All aircraft wiring is identified by a
numbering system. Therefore, new wiring to be,.
installed in an aircraft must be properly marked
before it is installed. Wires should be marked
every 15 inches and 3 inches from each end.
Wires less than 3 inches, or wires exposing both
ends, need not be marked. Later in this chapter
we will discuss the wire-marking machine. After
marking the wire, it is properly cut, stripped, and
tinned; and terminals or splices are installed.

9-65. Small copper wire may be cut to length
with diagonal cutting pliers, but you cut large
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,- Figure 27. Cable clamp and grommet at bulkhead

hole.
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copper wire with a power circular saw which

has a cable-cutting blade. A cable-rutting blade

is similar to a meat-slicing blade that has no

teeth. Copper wire may also be cut with a fine-

toothed hacksaw.
9-66. Special cable shears with concave cut-

ting edges may be used to cut small aluminum

wire. Large aluminum wire should be cut with

a power circular saw which has a cable-cutting

blade. Aluminum wire should never be cut with

tools that have reciprocating motion, such as

hacksaws. Reciprocating cutting action "work

hardens" aluminum wire.,
9-67. Before wire can be assembled to con-

necjors, terminals, splices. etc., yoii must strip

the insulation from the connecting ends to expose

the bare conductor. The amountof insulation
you remove is determined by the connection that

is to be made. Refer to TO 1-1A-14 for the
proper length and for procedures. You strip cop-

per wire in a number of different ways, depend;

ing upon size and insulation. The only authorized

way to strip aluminum wire is with a knife. Even

then, take extreme care not to nick the aluminum

wire. Nicked or broken strands are not per-

I mined on aluminum wire. On the other hand,

the number of nicked or broken strands permitted

on copper wire vary from 2 strands on number
10 'wire to 12 strands on singki 0 wire.
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9-68. You install and route aircraft wiring in

such a manner that it is protected from undue
wear or chafing. Chafing and abrasion of elec-

trical wires is generally eliminated if you use
Military Standard (MS) cable clamps. Figure

27 shows the proper method of supporting a wire
bundle that comes closer than one-fourth inch
to the structure when passip through a bulk-

head. If the clearance is dater than one-fourth
inch, you need not use the grommet.

9-69. You also use MS cable clamps to pro-

vide a rigid separation (not for bundle support)
when you route a wire bundle close to combusti-

ble fluid or oxygen lines. When this separation
is less than 2 inches, inclose the wire bundle in

a nylon sleeve for further protection.
9-70. Whenever possible, wire should be

routed away from resistors, exhaust stacks, heat-

ing ducts, etc. If you must run wires through

hot areas, the wire should be insulated with high-
temperature-resistant material, such as asbestos

or fiberglass. Never use low-temperature wire

in these areas.
9-71. You never route wire below a battery.

Wiring installed in a battery area should be in-
spected frequently, and any found to be dis-
colored by the battery fumes should be replaced.

9-72. Avoid areas where the wires are subject

to damage from fluids. If wiring might be soaked

in any location, you inclose it in plastic tubing
which extends beyond the wet area and is tied
at each end. When wires and cables which are
inclosed in tubing are depressed downward to-

ward a connector, terminal block, etc., a trap
or drip loop should be provided. The lowest

point of the tubing should have a 1/2-inch drain
hole, as shown in figure 28. This hole is punched

DRAINAGE HOLE Ite INCH DIAMETER AT

LOWEST POINT IN TURING. MAKE THE

HOLE AFTER INSTALLATION IS COMPLETE
-AND LOWEST POINT IS FIRMLY ESTAILISHED
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Figure 28. Drainage hole in low point of tubing.
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Fiiure 29. Wire bundle tying and lacing.

in the tubing after the installation is complete
and the low point defmitely established. How-
ever, the hole should not be punched in the tub-
ing if the loop is in a wet area or is expOsed to
fumes detrimental to the insulation of wire.

9-73. You do not provide excess slack in wir-
ing installation except for drip loop and service
requirements. Enough slack should be provided
to meet the following needs:

Permit ease.of maintenance.
Allow replacement of terminals at least
twice, where practicable.
Prevent mechanical strain on the wires, ca-
bles, cable junctions, and ,cable supports.
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Permit free movement of shock- and vibra-
tion-mounted equipment.

tt- Permit shifting of equipment in order to
make possible alinement, servicing, tuning,
removing of dust covers, and changing of
tubes,-while installed-in aircraft
Eliminate sharp bends in order to prevent
breakage and damage to wire insulation.

9-74. Wires and cables that you attach- to as-
semblies where movement occurs (such as hinges
and rotating pieces, and particularly control

csticks, control wheels and columns, and flight
control surfaces) should be protected to prevent
deterioration caused by movement of system com-
ponents. This abrasive deterioration occurs when
the wire or cable rubs together, or is twisted and
bent excessively. As a design objective, bundles
must be installed to twist instead of being bent
across hinges.

9-75. Wiring that you install in wheel wells
or other open areas that are subject to excessive
wind and flying objects should be protected by
flexible tubing or installed in metal conduit. The
wiring installed in these areas (except in the
metal conduit) should be inspected frequently
for damage.

9-76. You lace or tie wire groups and bundles
for ease of installation, maintenance, and inspec-
tion. By keeping all cables neatly secured in
groups, the cable does not chafe against equip-
ment or interfere with equipment operation.

9-77. Tying is the securing together of a group
of bundle of wires by means of individual pieces
of cord tied around the group or bundle at regu-
lar intervals (see fig. 29 part A). You make spot
ties whenever the bundle supports are more than
12 inches apart. The ties should be spaced 12
inches or less apart. Lacing is the securing to-
gether of a group or bundle of wires inside in-
closures by means of a continuous piece of cord
forming loops at regular intervals around the
group or bundle (see fig. 29, part B).

9-78. When lacing or tying, you observe the
following precautiods:

Lace or tie bundles tight enough to pievent
slipping, but not so tight that the cord cuts
into or deforms the insulation.
Do not place ties on that part of a wire
group that is located inside a conduit.
Lace wire groups in bundles only when they
are inside inclosures, such as junction boxes.
Use double cord on groups br bundles larger
than 1 inch in diameter.

9-79. Compact wire bundles. Compact wire
bundles are being installed in neWer aircraft to
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Figure 30. Protective boot on compact wire bundle.

save weight and space and to provide better pro-
tection with less maintenance. Compact wire
bundles are fabricated from hookup wire. This
wire has thinner wall insulation and is less abra-
sion resistant. Therefore, a braided outer jacket
is required for abrasion protection. Solderless

NOZZLE TEMPERATURE
ADJUSTMENT SHUTTER

NARKED
SLEEVE

SHRUNK IN PLACE

43 01.11 1.13

elearical connectors used on- these harnesses are
crimped, potted, and then covered with a pro-
tective boot. The boot extends back from the
connector shell, covers the potting compound, and
overlaps the braid to form a strong moisture-
proof seal (see fig. 30).

NOZZLE

ADAPTOR

HEAT GUN
500 F TO 700 F

HEAT -
REF LEcroR

4 301 11 1-14

Figure 31. Heatshrinking tools (for compact wire bundles).
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NOTE: ALL TERMINALS SHOULD BE PLACED
SO THAT MOVEMENT WILL TIGHTEN NUT

4301.11 1.4

Figure 32. Connecting terminals to a terminal board.

9-80. Wires inside the bundle are spiraled in
groups. Each group is composed of wires that
leave the bundle at the same point. The wire
group that extends .the greatest distance should,

'be placed nearest the center. Individual wires
which branch out of the main bundle are covered
separately with shrink sleeving. A wire number
is stamped On this sleeve, and the sleeve extends
into the braid covering. When spare wires are
provided, they extend 4 to 6 inches from the
end of the boot and are terminated in thermofit
end caps, as shown in figure 30. These spare
wires are secured to the bundle with lacing-tape
ties." .

9-81. The type of wire and the protection
used for the fabrication of compact wire bundles
have created situations that require special tech-
niques for reworking the bundles. New crimping
tools have been developed for installing special
solderless connections. The thermofit materials
are made from silicone rubber and require using
new heating devices never before used in wire
maintenance.

9-82. A special heat-shrinking process is used
on the thermofit materials in the construction and
repair of compact wire bundles. Thermofit is a
material with special qualities which will shrink
to at least half of its original diameter when
heat is applied to it. Thermofit is used in the

. construction of boots, end caps, sleeving, and
*tubing.

9-83: Figure 31 shows the heat-shrinking tools
used in the maintenance of compact wire bundles.
The special adapters and reflectors make it possi-
ble to shrink most of the thermofit devices with
the same gun. This heat gun must be used with
extreme care because of its high operating tem-
perature. One other component you, as an -
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trician, will encounter is the terminal block. Let's
discuss it briefly.

944.. Terminal, blocks. Terminal blocks,
scimetimes referred to as terminal boards or strips,
are- made-from an insulating-material which sup-
ports and also insulates a series of terminals from
each other as well as from ground. They provide
a means of Onnecting terminals inside junction
boxes and distribution panels.

9-85. Terminals should be installed on termi-
nal boards so that any movement will tighten
the nut. Figure 32 shows the different ways in
which this may be done. Part A of figure 33
shows the proper method of stacking the re-
quired washers, and terminals, and securing nuts
when .connecting two copper terminals together
on the same terminal board connection. Either
a standard nonlocking nut or a self-locking nut
may '.be used in conjunction with the lockwasher.
However, the preferred method is to use an
anchor nut, or self-locking nut.

AT3210 NUT SRO (OCRING
All sAITAl

d5!) TA520341 NUT

4.-4"933 5P(IT LOCRWASHIR

Nom./ ANt;10 100 WASHER

4520439 OR m535034
TERMINAL 11,103

COMO
1

TA531044 NUT, SIlt tOCOING
AU mItAt

A

YEttaINAl STUD 01 TA523133
OA A1127213 TERTAINAL

.110A110

M530341 Nul
1t41 WASHER

TOR TA525123 TRITAINAl
40AO ONLY

CE:Dip-ALS30341 NUT

CZSSF4"..-APOSS SPLIT l0E1(WASNEll

1.....M533440 PLAY WASNE2

TERMINAL LUGS
ALUMINUM

TA533433/
.......mS33440 PLAY WA Still

1E1mIN01 STUD 01 TA323123
OA PAS37212 TERMINAL
I0A40

ATS30341 ROUT

4940 PlAl WASHER

104 11S33133 TERMINAL
10AIID GNU

Figure 33. Hardware for winng terminal boards
(aluminum and coppery terminals).
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Figure 34. Wiremarking machine.
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9-86. Part B of figure 33 shows you the proper'
method of connecting aluminum terminals to-
gether on a terminal -board. Notice that in this
method a washer is used between the bottom
terminaLand the terminal stud nut. The washers
that make physical contact with aluminum termi-
nals should be cadmium-plated. This prevents
the dissimilar metals of the copper stud and the
aluminum terminal from making contact. The
dissimilar metals plus moisture will cause corro-
sion. This is known as the battery-effect form
of corrosion.

9-87. Whenever it becomes necessary for you
to join copper and aluminum terminals together
on the same stud, they should be separated by
a cadmium-plated washer. The aluminum ter-
minal should be placed on the bottom with an-
other' cadmium-plated washer beneath it. A
washer is never used between two aluminum
terminals or two copper terminals. Placing a
washer in this position only increases the resist-
ance of the connection.

9-88. One final area of discussion concerning
electrical hardware is bonding or grounding
straps. These straps prevent the buildup of a
static charge on the aircraft. -

9-89. Bonding and groupding. A bond is any
fixed union existing between two metallic objects
that results in electrical conductivity between
them. Such a union results from either physical
contact between conductive surfaces of the ob-
jects or from the addition of a firm electrical,
connection between them. Aircraft electrical
bonding is the process of obtaining the necessary
electrical conductivity between the metallic parts
of an aircraft. Aircraft grounding, a term closely
associated with bonding, refers to the electrical
connection made from a conducting object to the
primary structure to provide a return path for
current.

9-90. Clouds may becothe highly charged, as
is evidenced by _lightning. An aircraft in'. flight
may also become highly charged. If the aircraft
is improperly bonded,- all, metal parts' will not
have the same amount of charge. A difference
of potential will then-exist between various metal
surfaces: The neutralization of the charges. flow-
ing in paths 'of varia'ble resistance due t6 inter-
mittent contact caused by vihration or the move-

ent of the control surface 'will produce elec-
al ditturbances (noise) in the radio receiver.

If the resistance between isolated metal surfaces
is great enough, charges can itcumulate until
the potential difference becomes high enough to
cause a spark. This creates radio interference
and constitutes a fire hazard. If lightning strikes
the aircraft, a good conducting path is necessary
for the heavy current in order to minimize severe
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arcs and sparks that would damage the aircraft
and possibly its occu nts. Bonding does the
following things:

Minimizes radio and rad interferences by
equalizing static charges.
Eliminates a fire hazard by preventing
static charges from accumulating between
two isolated members which could create
a spark.
Minimizes lightning damage to the aircraft
and its occupants.
Provides ,the proper "ground" for proper
functioning of the aircraft fadio:
Pr vides a low-resistance return path for
sing e-wire electrical systems.

9-91. Sin e we have discussed the hardware
that will be ommon to you as an electrician,
let us review the tools you will need to do your
job.

9-92. Electrical Handtools. Tools of any kind.
are only as good as the individual using them.
Naturally, tools wear out but this can be cor-

lected. What am I getting at? Know each of
your tools, what it was designed for, and most
of all, how to use it. By doing this, you will
have a head start on people like Al Lectric, who
waits until he needs a tool before he learns to
,use it. Let's start with the wire-marking machine
and then continue with some other tools that you
will use.

, 9-93. Wire-marking machine. This is one tool
that may sit on the shelf for 6 m6nths before
yolL need it, but when you do need it, there is
no substitute. 5:igure 34 will give you an example

,pf a typical hand-operated machine. This ma-s
chine .uses an electrical heating element which
applies heat to the type holder and type. A roll
of foil is posidoned between -the type and the
wire to be marked. The wire is held in place
by a. wire guide, and a lever on the machine
Winn the .type in contact with foil and, wire.
Pressure is then applied to the foil and it trans-
fers marking material from the foil to the wire.
The complete opeiating prociaure is, given in
TO 1-1A-14. As an electrician, in addition 'to
marking yire, you will also do quite a bit of
soldering; so Jet's divuas the tools used foi this
operation. ,

9-94. .56ldering ipeaking,-
you use either 'a soldering,. iron' or a soldering
gun. You may have", a choice n many cases,
Whiche7er you use, Iteep it clean and 'properly
tinned. This is .one of the secrets to good solder-
ing.

9-95: If you are issued, a soldering iron, you
will probably be given several 'tips. These will
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Figige 35. Crimpers.

come in assorted sizes and shapes. It will be
Up to you to use the correct tip for the job.
When you solder a connector plug, use a tip that
will give you sufficient heat without burning the
insulation from adjacent wires. Again, keep it,
clean and tinned. DO NOT ay a HOT IRON
where someone can burn himself.

9-96. Soldering guns come in a variety of
shapes, but generally all of them have a tip fol.
doing real fine or intricate work. Most of the,
soldering guns are controlled by a trigger. As

long as the trigger is depressed the heating ele-
ment will produce heat instantly.

9-97. Neither of these soldering devices will
produce a quality solder joint every time unless
you know what you are doing. What does this
mean? It means each electrician (including you)
must know how to solder. This is one of the
most important jobs in maintaining electrical sys-
tems. You will save yourself many headaches
by developing a good soldering technique,' which
comes through practice and experience.

9-98. The crimping tool has taken the place
of the soldering iron in many places. This tool
is easy to use and does not require any electrical
power. Since you also use the crimping tool,
discuss it at this time.

9-99.. Crimping tools. Al uses water pump or
diagonal pliers for his terminal crimping jobs.
Naturally. you are the guy who has to replace
Al's goofs so we need to discuss the right tool
for criniping.
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9-100. Figure 35 will dive you an idea of the
types of crimpers you may encounter. These
tools make a flat type crimp, but some crimpers
nke an indent type crimp. The indent type
crimping tool should be used only on the non-
insulated terminals or splices. If this type crimp-
ing tool is used on a preinsulated terminal or
splice, it will' damage the insulation and cause
a short or ground. For this reason they iire being
replaced.

'9-101. The flat type crimping tool is, used
with the preinsulaied terminals and splices.
These crimpers will crimp a variety of, terininal
sizes. To choose die right one, check the color
oode or numerical coding 'on the todi. This color
or numerical code determines the size of splice
or terminal the tool !will crimp. Before any of
these terminals or splices can be crimped, the
wire has to be stripped. To do this you need a
wire stripper, which is the final tool we discuss.

9-102. 'Wire stripper. ,This device removes the
insulation from an electrical wire. The one that
you encounter on the flight line will be, in most
cases, either a hand stripper or a common jack
knife.

9-103; Figure 36 illustrates the strippers you
use on the flight line. However, if you would
like to see others look in TO 1-1A--14.- The main
thing to remember ,in using a wire stripper is not
to damage the wire strands. A*good look at
figure 37 and a few hours of experience will
make you proficient in the task of stripping 'wire.
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9-104. The electrical handtools we have dis-
cussed are not y2thr complete issue of tools. You
have others and you need to know wkat each
one does. If you 'keep them clean and use them
for the job for .which they were designed, they
will make your job easier.

9-105. The tool we use to keep aircraft clean
and in operational, status is au aircraft inspection
system. Let's turn our attention to the inspection

- requirements of the electrical system.

10. Aircraft Electrical System Inspections
10-1. Why do we have to inspect the electri-

cal system? Why not wait until a problem exists
before looking for one? You have probably
heard these questions before, or maybe you have
asked them. Yotr have probably heard this re-
mark also, "I never find anything wrong, so why
worry about it." This sounds like Al Lectric
talking. People of this caliber generally think this
way. I'm sure this 'doesn't include you; you are
the ptofessional.

10:2. Purpose of Inspections. Aircraft inspec-
tions are designed to prevent aircraft disablement

and flight schedule interruption. It is much
easier to locate and fix a discrepancy when the
aircraft is in for inspection than to wait until it is
loaded and ready for flight.

10-3. As an aircraft electriciad, ,y.ou are re-
quired to inspect aircraft electrical systems. Do
you know what you are supposed to look for
when you perform an inspection? Obviously, no
inspection can be a random, hit-or-miss affair;
each must be conducted in an orderly sequence
so that every important item is inspected.

10-4. Inspectiobs of electrical systems are cov-
ered in great detail in Technical Order 8-1-1,
Aircraft Electrical Sysvm Inspection Procedures.
Yous4ould become familiar with the contents
of this technical order because it tells you the
conditions that should exist in all electrical sys-
tems, as well as those that should not exist. The
items of inspection that pertain only to an elec-
trical system for a particular aircraft are listed in
the inspection workcards for that aircraft. For
now:let's discuss the conditions that should exist
in all electrical systems.

Figure 36. Strippers.
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10-5. Inspection Data. All aircraft electrical
wiring must be installed so that it is mechanically
and electrically sound ,and neat in appearance.
You should protect wires and wire groups from
the (ollowing:

Chafmg or abrasion.
High temperature.
Possible use as a handhold, or as support
for equipment or personal belongings.,
Damage from cargo 4ng stored or shifted.
Damage from personnel moving about
within the aircraft.

'Damage from battery acid or fumes.
Damage from volatile fluids or solvents.
Abrasion in the wheel well areas.

,
10-6. As far as possible, you should keep

wires separate from high-temperature equipment,
such as resistors, heating ducts, and exhaust
pipes. When it is necessary for you to route
wires through hot areas, they must be insulated
with fiberglass, abestos, or teflon. In some cases,
conduit may be specified. In these cases, use
conduit with high-temperature liners, or use high-
temperature plastic tubing.

10-7. You must protect wire and wire groups
against chafing or abrasion where contact with
sharp surfaces or other wires might damage the
insulation. Damaged insulation may result in
shorted circuits, malfunction, or inadvertent op-

, , eration of the equipment. When wires pass
through a bulkhead, they must be installed with
a clamp. If the wires come closer than one-fourth

4nch to the hole, you should use a suitable grom-
"i-----, tilet to protect the wire insulation. If it is neces-

sary to cut the grommet to facilitate installation,
cut through the grommet at a 450 angle. WiMs
or wire bundles should be installed so that they
are protected by the aircraft structure. Conduit
should be used to prevent cargo from pinching
the wires against the airframe. Bundles should
be placed so that personnel are not tempted to
use them as handholds or ladder rungs.

10-8. You should not route wires under a bat-
tery. Wires installed in .the vicinity of a battery
should be inspected frequently. Any wires that
are discolored by battery fumes should be re-
placed.

10-9. Avoid routing wires in areas where they
might be damaged by fluids. Wires should never
be routed in the lowest 6 inches (bilge) of the
aircraft, or in any other area where spilled liquids
might collect. If there is a possibility that a wire
without a nylon jacket might be exposed to fluids,
it should be covered with plastic tubing for pro-

* tection. If you use plastic tubing to protect wir-
ing, the tubing should extend beyond the possible
wet area to each end and be securely tied. The
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lowest point of tubing in dry areas should have a
1/4-inch drain hole. ,

10-10. Wires that are located in wheel wells
or wing-fold areas are subject to many acklitional
hazards, such as pinching, flexing, and exposure
to fluids. You should cover all wires in such
areas with flexible plastic tubing stied securely at
each end. There should be no relative move-
ment at points where the flexible tubing is se-
cured. The wiring located in these particular
areas should be inspected frequently in aceord--
ance with applicable directives and replaced or
repaired at the- first sign of wear. Them should
be no strain on the wire assemblies when the
parts are fully extended, but the slack should
not be excessive.

10-11. You must always route electrical wiring
parallel to combustible fluid or oxygen lines and
separate it from thsi lines by at least 6 inches.
The wires should be routed on a level with, or
above, the plumbing lines. The wires should be
clamped in such a manner that if a wire breaks
at a clamp it will not come in contact with the
plumbing line. When the wires must be routed
closer than 6 inches from the plumbing lines,
clamp both the plumbing line and the wire
bundle to the same structure to prevent relative
motion. It may be necessary to use a nylon
sleeve over the wire bundle to give further pro-
tection. Use two cable clanws to maintain sep-
aration. The clamps are used for separation
onlynot for supporting the bundle. Under no
circumstances should wires be routed within CA
inch of a plumbing line: Plumbing lineS carrying
flammable liquids or oxygen should not be used
to support wire or wire bundles. ,

10-12. Wiring should be routed to maintain a
minimum clearance of 3 inches from all control'
cables. If you cannot maintain this clearance,
install mechanical guards to prevent tile wire
from coming into contact With.the control cables.

10-13. Wire and wire blmdles should be sup-
ported by clamps or grommets at intervals of not
more than 24 inches. The approved clamp for
Air Force use is type MS21919, which Is cush-
ioned with insulating material. You should never
use clamps without cushioning material to sup-
port wire. A type AN735 clamp shouldthe used
to clamp wire to a tubular structure.

10-14. Wire bundles should be rotated so that
they are parallel to the rib structure of the air-
craft or at right angles to the rib structure. Avoid
routing the wire bundle at an angle to the aircraft
rib structure. Wires or wire bundles should be
installed so that the slack between clamps should
not exceed one-half inch with normal hand pres.-
sure. The slack must never be so great that the
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Figure 37. Use of wire strippers.
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wire or wire bundle can come in contact with a
surface that might cause abrasion. However, re-
member as we mentioned pre;iiously, there must
be sufficient slack to do the following:

Permit easy maintenance.
Allow replacements of terminals at least two
times.
Prevent mechanical strain.
Permit free movement of shock-mounted
equipment.

Permit shifting of equipment for mainte-
nance purposes.

I

\

\

,

,

t.,

/
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10-15. Wire bundles inside junction boxes
must be supported by cushioned cable clamps
across hinged doors. The correct method is to
twist the wires across the hinge when the door is
opened. The incorrect method causes the wires
to bend when the door is opened and damages
the wire or insulation.

10-16. Wire bundles should be attached to the
walls of junction boxes in such a manner that
there is no chafing against the terminal studs or
other components in the box. Any slack that is
required for terminal rework must be tied to pre-
vent snagging.
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CHAPTIR 4

Portable Test Equipment for the Electrician

TN THE FIELI3 of electricity, as in all other
physical sciences, accurate quantitative meas-

urements are essential. This involves two impor-
tant items, numbers and units. The numbers are
simple arithmetic in most cases, and the units are
well defmed and easily understood. Standard
units of current, voltage, and resistance, as well

ras many other units of measurement, have been
defined earlier in this volume.

2. As an electrician, you will work with am-
meters, voltmeters, and ohmmeters, as well as
special test equipmerft that will be covered as we
progress through this course. It is important that
you have a good understanding of the function,
design, and operation of electrical instruments.
In your work you use the following equipment to
determine if the circuits of a system or a system
cmp9nent are operating properly:

An ammeter to measure the amount of cur-
rent flowing in a circuit.
A voltmeter to determine the voltage exist-
ing between two points in a circuit.
An ohmmeter or a megger (megohmmeter)
to measure circuit continuity and total or
partial circuit resistance.

3. You may also find it necessary to deter-
mine the total power being consumed by certain
equipment; in which case, you will have to use a
wattmeter. For measuring other quantities, such

as power factor and frequency, you will need to
use still other types of electrical instruments.

4. In each case the instrument indicates the
value of thevquantity measured, and you interpret
this information to understand the way the sys-
tem or component is operating.

5. Let us point out again, that ai an electrician,
you need a thorough understanding of ,the opera-
tion and limitations of various types of electrical
measuring equipment coupled withthe theory of
circuit operation. This is most essential in trouble-
shooting, servicing, and maintaining electrical

systems 'and equipment. Before we can discuss
different types of meters, we must first review
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the basic meter movements, the first of which will
be the D'Arsonval.

11. Meters
11-1. Most of the electrical quantities can be

measured by meters that indicate the value in
terms of, a specific unit on a calibrated scale.
Different types of construction are used in the
manufacture of meters, largely because of their
various uses. Regardless of use, the heart of an
electrical meter is the meter movement.

11-2. D'Arsonval Meter Movement. The elec-
trical energy that is applied to the movement is
changed into mechanical energy. This results in
needle movement across a calibrated scale to pro-
vide a visual indication of the amount of the
electrical element being measured. Of the many
types of meter movements that have been de-
signed arK1 used, the moving-coil movement is

the most important. You find this movement in
most of your test instruments, and it will be dis-
cussed here.

11-3. The reaction between .a stationary mag-
netic field and the magnetic field around a DC
coil provides the turning force for moving the
coil in the moving-coil type meter. The current
in the coil creates a magnetic force field which
reacts with the stationary magnetic field in which
the coil is placed. This reaction results in rotation
of the coil. To produce a useful interaction, the
current flow in the coil must always be in the
same direction and of the proper polarity. There-
fore, the moving-coil meter (D'Arsonval type) is
basically a DC instrument. This meter move-
ment can be made so sensitive that a few micro-
amperes of current will swing the pointer across
the entire scale. If the pointer and zero indica-
tion are placed at the center of the scale, the
movement can be ured for making accurate re-
sistance, capacitance, and Anductance measure-
ments in bridgcs and can be modified for such usc
as.a DC ammeter or a voltmeter. It can be made
to measure AC by applying the AC to the meter



through a suitable rectifier and measuring the
rectified current.

11-4. Because this,meter movement is rugged,
accurate, and capable of measuring DC voltages
and current, AC voltage, and also resistance, it
is used in ,the multimeter. The multimeter is a
combination volt-ohm-milliameter.

11-5. Sensitivity. Meter sensitivity can be de--
fined in two ways, as the amount of current nec-
essary for full-scale deflection and as ohms-per-
volt. Sensitivity may vary from 5 microamperes
to approximately 50 milliamperes; and the
smaller the amount of current necessary for full-
scale deflection of the meter, the greater the
sensitivity. The sensitivity in ohms-per-volt is de-
termined by the amount of resistance that must
be placed in series with the meter to cause full-
scale deflection when an EMF of 1 volts is ap-
plied.

t

11-6. Overshooting and the tendency of the
pointer to oscillate are overcome by a process
known as damping. As.the coil rotates. a CEMF
is generated in the nonmagnetic shell upon which
the coil is wound. The currents resulting from
this CEMF produce a magnetic field that opposes
the field established by the moving coil. The
net result of the two opposing fields is to slow.
down the turning rate of the moving coil and
make it possible for the, coil to reach the proper
position without oversbooting or oscillating.

11-7. Ammeter. An ammeter is designed to
measure current, and it musi be connected in
series with the circuit so- that all the current
passes- through it. This also means that in order
to prevent an appreciable decrease in circ'uit cur-
rent the total resistance of the amineter must be
low. In actual practice, it is often necessary to
measure currents that are greater than the full
current range of a giyen meter. To permit* these_
measurements. it is necessary to use -the laws of
parallel circuits and connect a low resistance c6n-
ductor in parallel with the meter. When used.for
this purpose. the low resistance conductor is
called a shunt and it becomes a part of the
ammeter.

11-8 When the amme., conesting of the
meter and shunt in parallel, is connected in-series
with the circuit, the current will divide so that the
moving coil and the shunt will each ca'rry a pro-
portionate part. Like any parallel circuit, the
current in the two paths is proportional to the
resistance of the branch Therefore. by proper
selection, a shunt can be-found that will carry
any desired portion of the total current. Since
this proportion between meter current and shunt
current always remains the same, the meter scale
can then be calibrated to indicate the total cur-

rent, although the moving coil carries only a
portion of it.

11-9. Current-measuring instruments must al-
ways be connected in series with a circuit and
never in parallel with it. If an ammeter were
connected across a constant-potential source of
appreciable voltage, the shunt would become a
short circuit and the meter would burn out.

11-10. If the approximatc value of current in
a circuit is not known, it is best to start with the
highest range of the ammeter and switch to
progressively lower ranges until a suitable read-
ing is obtained.

11-11. Most ammeter needles indicate the
magnitude of the current by being deflected from
left to right. If the meter is connected with re-
versed polarity, the needle will be deflected back-
wards, and this action may damage the move-
ment. Hence the proper polarity should be
observed in connecting the meter in the circuit.
That is, the meter should always be connected so
that the meter terminals are connected to like
polarities in the circgit.

11-12. Voltmeter. Voltmeters are designd to
measure electrical pressure, and the scale is cali-
brated directly in terms of volts. The ,D'Arson-
val, or moving-et meter may be used in the
construction of a yoltmeter. However, there are
a few things to be considered. In the first place,
voltage is a difference in potential between two
points; and to measure it, the meter must be con-
nected directly across the two points.

11-13. A second factor to be considered is
that the toil of the meter is moved bY the mag-
netic effect of an electrical current: Because the
resistance of the coil is purposely kept low, the
current must not, be allowed to exceed that re-

, quired for full:scale deflection. A voltmeter thus
operates becauf of the current through it, but the
scale is calibr ted to indicate, not the current,
but the voltage nec'essary: to 'cause the current in,
the coil.

,The 100-microampere D'Arsorival me-
ter used as the basic meter for the ammeter may
also be used ,to measufe voltage if a .4.,epy high

-'re.4'stance is placed in series with the moving coil
of the meter. For low-range instruments, this
resistance is mounted inside the_ case with the
D'Arsonval movement. Typically, this resist-
ance consists of a resistance wire having a low-
temperature coefficient and wound either on
spools or card frames. For higher voltage ranges,
the series resistance may be connected externally.
When this is done, the unit containing the resist-
ance is commonly called a multiplier.

11-15. Multirange voltmeters use a single
meter movement with the multiplier resistance
connected in series with the meter by a con-
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venient switching arrangement. The total circuit
resistance for each of three ranges (1, 100, and
1000 volts) beemning with the 1-volt range may
be found by dividing the voltage by the current
.(in microamperes) which gives the resistance in
megohms as follows:

It =
0

0.01 megotun
10
100
100
1000 10 mephms
100

1 raegoani

11-16. Sensitivity. The sensitivity of a volt-
meter is given in ohms per volt (II/V). The
sensitivity can be increased by increasing the
strength of the permanent magnet, by using
lighter weight materials for the moving element
(consistent with increased number of turns on
the coil), and by using sapphire jewel bearings
to support the moving coil.

11-17. Accuracy. The accuracy of a meter is
generally expressed in percent. For example,
consider a meter that has an accuracy of 1 per-
cent of the correct value. The statement means
that if the correct value is 100 units, the meter
indication may be anywhere within the range of

19 to 101 units.
11-18. Voltmeter connections. Voltage-meas-

ming instruments are connected across (in paral-
lel with) a circuit. If the approximate value of
the voltage to be measured is not known, it is
best to start with the highest range of the volt-
meter and lower the range progressively until a
suitable reading is obtained.

11-19. In many Cases, the voltmeter is not a
central zero indicating instrument. Thus, it is
necessary to observe die proper polarity when
connecting the instrument to ,the circuit, as is the
case in connecting the DC ammeter. The posi-
tive terminal of the voltmeter is always connected
to the positive terminal of the source, and the
negative terminal is connected to the negative
terminal of the source when the source voltage
is being measured. In any case, the voltmeter is
connected so that electrons will flow into the
negative terminal and out of the positive terminal
of the meter.

11-20. The function of a voltmeter is to indi-
cate the potential difference between two points
in a circuit. When the voltmeter is connected
across a circuit, it shunts the circuit. If the volt-
meter has low resistance, it will draw an ap-
preciable amount of current. The effective re-
sistance of the circuit will be lowered,, and the
voltage reading will consequently be lowered.
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11-21. When voltage measurements are made
in higli-resistance circuits, it is necessary to use a
high-resistance voltmeter to prevent the shunting
action of the meter. The effect is less noticeable
in low-resistance circuits bcause the shunting
effect is less.

11-22. Electrodynamometer Applications. The
electrodynamometer type meter differs from the
D'Arsonval type meter in that no permanent
magnet is used. Instead, two fixed coils are used
to`produce the magnetic field. Two movable coils
are also used in this type meter.

11-23. Voltmeter. When used as a voltmeter,
no difficulty in construction is encountered, be-
cause the current required is not more than 0.1
ampere. This amount of current can be brought
in and out of the moving coil through the springs
When the electrodynamometer is used as a volt-
meter, the fixed coils are wound with fine wire
since the current through them will be no more
than 0.1 ampere. They are connected directly
in series with the movable coil and the series
current-limiter resistance. For ammeter applica-
tions, however, a special type of construction
must be used, because the large currents that
flow through the meter cannot be carried through
the moving coils.

1 1-24. Ammeter. In the ammeter the station-
ary coils are generally wound of heavier wire to
carry up to 5 amperes. In, parallel with the mov-
ing coils is an inductive shunt, which permits only
a small part of the total current to flow through
the moving coil. This current through the moving
coil is directly proportional to the total current
through the instrument. Because the shunt has
the same ratio of reactance sto resistance as has
the moving coil, the instrument will be reason-
ably correct at all frequencies with which it is
designed to be used.

11-25. The meter is mechanically damped by
means of aluminum vanes that move in inclosed
air chambers. Although electrodynamometer type
meters are very accurate, they do not have the
sensitivity of the D'Arsonval type meter.

11-26. We have covered applications of meter
movements for voltage and amperage measure-
ments. Now let's consider their 'lie for resistance
measurement.

11-27. Measuring Resistance. The two instru-
ments most commonly used to check the con-
tinuity or to measure the resistance of a circuit or
circuit element are the ohmmeter and the megger
(megohmmeter). The ohmmeter is widely used
to measure resistance and check the continuity of
electrical circuits and devices. Its range usually
extends to only a few megohms. The megger is
widely used for measuring insulation resistance,
such as between a wire and the outer surface of



its insulation, or such as insulation resistance of
cables and insulators. The range of a megger
may extend to more thp 1,000 megohms.

11-28. Ohmmeter..The ohmmeter consists of
a DC milliammeter, as discussed earlier in this
chapter, with a few added features. The added
features are as follows:

A DC source of potential (usua,Ilra dry
cell batter)r).
One or more resistors (one of which is vari-
able).

. /
11-29. The ohmmeter's pointer deflection is

controlled by the amount of battery current pass-
ing through the moving coil. Before measuring
the resistance of an unknown resistor or electri-
cal circuit, the test leads of the ohmmeter are
fust shorted together. With the leads shorted, the
meter is calibrated for proper operation on the
selected range. (While the leads are shorted,
meter current is maximum and the pointer de-
flects a maximum amount somewhere near the
zero position on the ohms scale). When the
variable resistor (rheostat) is adjusted properly,
with the leads shorted, the pointer of the meter
will come to rest exactly on the zero graduation.
This indicates ZERO RESISTANCE between the
test leads, which, in fact, are shorted together.

11-30. The zero readings of series type ohm-
meters are sometimes on the right-hind side of
the scale, whereas the zero reading for ammeters
and voltmeters is generally to the left-hand side
of the scale. When the test leads of 'an ohm-
meter are separated, the pointer of the meter will
return to the left side of the scale due to the
interruption of current and the spring tension act-
ing on the movable coil assembly. After the
phmmeter is adjusted for zero reading, it is ready
tb be connected in a circuit to measure resistance.

11-31. The power switch of the circuit to be
measured should always be in the OFF position.
This prevents the circuit's source voltage from
being applied across the meter, which could
cause damage to the meter movement. The test
leads of the ohmmeter are connected across (in
series with) the circuit to be measured. This
causes the current produced by the meter's bat-
tery to flow through the circuit being tested.
The amount of current that flows through the
meter coil will depend on the resistance of re-
sistors plus the resistance of the meter. Since
the meter has been readjusted to zero, the
amount of coil movement now depends solely
on the resistance of the circuit under test. The
pointer will come to rest at a scale figure indi-
cating the combined resistance of the circuit being
tested. Movement of the moving coil is propor-
tional to the amount of current flow. The scale
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reading of the meter, in ohms, is inversely pro-
portional to curernt flow in the moving coil.

11-32. The amount of circuit resistance to be
measured may vary over a wide range. In some
cases it may be only a few ohms, and in others it
may be as great as 1,000,000 ohms. To enable
the meter to indicate any value being measured,
with die least error, scale multiplication figures
are incorporated in most ohmmeters. For exam-
ple, a typical meter will have four test lead jacks
marked as follows: COMMON, R X 1, R X 10,
and R X 100. The COMMON jack is connected
internally through the battery to one side of the
moving coil of the ohmmeter. The jacks R X 1,
R x 10, and R X 100 are connected to three
different size resistors located within the ohmme-
ter. Therefore, the meter must be "zeroed" for
each scale.

11-33. Some ohmmeters are equipped with a
selector switch for selecting the multiplication
scale desired so that only two test lead jacks are
necessary. Other meters have a separate jack
for each range. The range to be used in measur-
ing any particular unknown resistance depends
on the approximate ohmic value of the unknown
resistance.

11-34. It always takes the same amount of
current to deflect the pointer to a certain position
on the scale (midscale- position, for example)
regardless of the multiplication factor being used.
Since the multiplier resistors are of different
values, it is necessary to always "zero"-adjust
the meter for each multiplication factor selected.
You should select the multiplication factor that
will result in the pointer coming to rest as near as
possible to the midpoint of the scale. This en-
ables you to read the resistance more accurately,
because the scale readings are more easily in-
terpreted at or near midpoint.

11-35. When you use the ohmmeter, take
care to avoid connecting the ohmmeter across
circuits in which a voltage exists, since such a
connection can result in damage to the meter.
Although the power switch normally performs
the function of removing applied voltage from
the equipment, the switch itself can be defective.
Therefore, to insure the removal of all voltage to
the equipment under test, disconnect the source
of input voltage by removing the power plug.
Batteries or bias cells to provide fixed bias or
other operating voltages may be included in the
circuits under test, and the ohmmeter must not
be connected across these sources of voltage.
All capacitors must be discharged before the
ohmmeter prods are connected in the circuit,
since charges remaining on capacitors'after the
applied voltage has been. removed can damage
the meter severely. Because the resistance of

6 z



circuit elements in a heated condition may differ
considerably from that in a cool state, it is ad-
visable to wait a few minutes after the power
has been removed before applying the ohmmeter
to the equipment.

11-36. When resistance measurements are
made:in a circuit; each element can be tested

individually by removing it from the circuit and
connecting the ohmmeter test prods across it.
However, this method consumes time, and usu-
ally measurements are made from various points
in the circuit to a selected common reference
point (chassis or ground). In this manner, com-
plete sections of the circuit can be measured
quickly to determine the presence of abnormal
conditions. Charts indicating point-to-point re-
sistance values usually are supplied with the
equipment. The ohmmeter is connected across
the designated points, and the readings obtained
are compared with those on the chart. When an
abnormal resistance reading is obtained, each
element in the circuit is isolated and tests are
made to determine the cause of the abnormality.

11-37. To avoid erroneous readings when no
resistance chart is available, care must be taken
to ascertain that other circuit elements are not
connected in parallel with the element being
measured. The element under test usually can
be isolated by opening one of its connections in
the circuit.

11-38. A leaky. capacitor connected in paral-
lel with a resistor under test can pass current and
will indicate a resistance reading, depending on
the degree of leakage. The regling,obtained on
the ohmmeter is the resultant Of the circuit re-
sistance and the parallel leakage resistance of the
capacitor. With a leaky capacitor in the circuit,
a reading is obtained even if the shunt resistor is
completely open, and it is necessary to disconnect
one end of. the circuit element before taking a
measurement.

11-39. The hands of the technician should not
come in contact with the metal tips of the test
prods. The resistance of the human body under
certain conditions is low, less than 50,0011 ohms,
and may cause erroneous readings. This is par-
ticularly noticeable when a higkaresistance is

being measured. All resistancevmeasurements
should be made with the hands holding the in-
sulated portions of the test prods.

11-40. The ohmmeter can check roughly the
condition of capacitors and determine the pres-
ence of short circuits or leakage. When you test
capacitors, other than electrolytics, turn the ohm-
meter selector switch to the highest range, since
this provides the highest source of voltage avail-
able in the ohmmeter. Observe the meter closely
and connect the test prods to the capacitor. With
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a good capacitor, the meter pointer deflects
slightly and returns quickly to the infinite-ohms
position as the capacitor charges across the ohm-
meter battery. Small values of capacitors cause
a slight deflection of the meter pointer and return
quickly to the infinite position; larger values
cause a greater deflection, and a longer time is
taken for the pointer to return. However, if the
capacitor is good, the meter pointer will ,return
to the infinite-ohms position in a relatively short
time. If no deflection is obtained, an open capac-
itor is indicated or the capacitance of the unit is
too small to cause a deflection. A full-scale
deflection of the pointer indicates a shorted ca-
pacitor, and leakage is indicated by a steady
deflection on some part of the scale. The resist-
ance of a paper dapacitor should be over 50
megohms per microfarad, and that of a mica
capacitor should be over 100 megohms per mi-
crofarad.

11-41. When testing electolytic capacitors, set
the ohmmeter to the high range and connect the
prods across the capacitor. Because current
passes more readily through the electrolytic ca-
pacitor in one direction than in the other, care
must be taken to observe polarity or the reading
obtained will be incorrect. When the prod's are
connected to the capacitor, a large deflection
occurs on the meter, then the pointer returns
slowly .toward the infinite-ohms position as the
capacitor takes a charge. Usually, some reading
is obtained even when an electrolytic capacitor is
fully charged. For a good capacitor rated at 450
working volts DC, the final ohmmeter reading
should be over 500,000 ohms. Low-voltage elec-
trolytic capacitors should read at least 100,000
ohms to be acceptable.

11-42. Megger. You cannot use an ordinary
ohmmeter for measuring resistance of multimil-
lions of ohms, such as conductor insulation. To

test for insulation breakdown, it is
neces ry to use a much higher potential than is
furnished by an ohmmeter battery. This poten-
tial is placed between the conductor and the
outside surface of the insulation.

11-43. The megger is a portable insulation-
resistance test set for measuring large values of
electrical resistance. It consists of a high-range
ohmmeter and a hand-operated DC generator
mounted in the same case. The resistance range
of the megger usually extends from 0 to 1000
megohms or more, and the ohmmeter is of special
design. The generator may deliver a potential
of 500, 1000, or 2000 volts at the test terminals,
but in military, applications a 500-volt DC gen-
erator is generally used.

11-44. When the crank of the megger is op-
erated, the DC generator produces a 500-volt
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DC potential. Connected across the generator
output is a potential coil. The magnetic field set
up by the current through the potential coil re-
acts with the field set up by a permanent magnet
in such a way that the coil and pointeassembly
move in a counterclockwise direction. With no
external circuit connected to the test set, the
pointer indicates infinite resistance on the scale.

11-45. When a circuit of unknown resistance
is connected to the tester, it forms a parallel
circuit with the potential coil. Also, connected
in series with the external circuit is a current coil
that is part of the ohmmeter movement. The
magnetic field set up by the current through the
current coil tends to move the pointer (clock-
wise) to the 0 position on the scale.

11-46. This meter is called a true or differen-
tial ohmmeter because the position of the pointer
is determined by the difference between two
fcirces. One force, the current coil, tends to move
the pointer toward 0. The other force, the poten-
tial coil, tends to move it toward infinity. The
system comes to rest at a point where the two
forces are balanced; the position depends on the
value of the unknown resistance. This position
does not depend on the voltage generated within
the equipment, as in an ordinary ohmmeter.

11-47. The DC generator is operated by a
hand crank through a gear train and clutch as-
sembly. The clutch mechanism si hen a cer-
tain speed of hand-crank rotation is reac and
this keeps the generator at a constant operaS g
speed. Therefore, the output voltage will be
fairly constant as long as the crank is rotated
allow the speed at which the clutch slips.

11-48. Before connecting the megger to the
equipment to be tested, all power should be
disconnected. Because of the small amount of
torque and the lack of balance springs in the
movement, the megger should be kept in an
upright position and placed away from strong
external magnetic fields so that the reading is not
affected. The test leads are then connected to
the megger and the megger tested for leakage.
With the test lead open, the meter should read
infinity; when the test leads are short-circuited,
the meter should read zero.

11-49. Finally, the test leads are connected to
the device whose insulation resistance is to be
checked. The handcrank then is rotated until
the clutch slips and the meter reading becomes
steady. A reading is taken which is compared
with the proper value of insulation resistance.
It is important that the insulation resistance be
measured at the same temperature every time an
insulation test is made because the resistance of
insulation drops sharply at high temperatures.
For example, the insulation resistance between
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the stator winding of a certain slow-speed genera-
tor and the fraine is 100 megohms at 85° F. The
insulation resistance of this same equipment falls
only to. 10 megohms at 140° F.

11-50. This concludes our discussion on the
individual meters. Next, we discuss a combina-
tion of the milliammeter, ohmmeter, and volt-
meter into one compact unit, which we call a
multimeter.

11-51. Multimeters. A niultimeter is an instru-
ment incorporating two or more meter circuits
and a meter movement in a single case. A typical
multimeter contains voltmeter, milliammeter, and
ohmmeter circuits using a single meter move-
ment. They may, however, be designed for many
specific applications, such as measuring resist-
ance, capacitance, AC volts, and DC volts. The
multimeter described in this section is used for
voltage, current, and resistance measurements.

11-52. To select the proper circuit for measur-
ing voltage, current, or resistance, either a rotary
selector switch or a set ibf pin jacks is mounted
on the instrument panel. The rotary selector
switch consists of many sections (wafers) of in-
sulating material with switch contacts attached.
Each position on the switch corresponds to a
particular measuring circuit in the instrument.
When the switch is in the DC voltage position,
for example, a contact on each wafer of the
switch connects a particular element (meter
movement, resistor network, or shunt) into the
measuring circuit. In many multimeters, two
rotary switches are used, one selecting the meas-
uring circuit and the other the range.

11-53. For simplicity of reading, a multimeter
has three scales. There is one for resistance
measurements, one for DC volts and milliam-
peres, and one for AC volts. The scales usually
are provided with a single set of calibration
marks and with one or more sets of numerals at
the major marks or divisions. Figure 38 is a
typical meter face.

11-54. AC instruments. Most of the AC
measurements in electrical and electronic circuits
are now made with a DC moving-coil meter
using a rectifier to convert the AC to DC before
it is applied to the meter movement. Typical of
this type of meter is the TS-297/U, which you
carry in your toolbox, and the AN/PSM-6, which
is used around the shop. These rectifier type
instruments provide us an AC meter with rela-
tively high ohms-per-volt ratings.

11-55: Copper-oxide rectifier. The most com-
monly used rectifier is the copper-oxide type.
This rectifier may be a single unit or consist of a
group of individual rectifiers connected together.
The simplest unit, used in less sensitive instru-
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Figure 38. Resistance, AC, and DC scale of a typical
multimeter.

ments, is the single half-wave rectifier. This ar-
rangement permits current flow through the me-
ter only during one-half of the cycle, and blocks
current flow to the meter during the other half
of the cycle. The most sensitive arrangement
uses a bridge rectifier. When the source of the
measured voltage his one polarity, one set of
rectifiers conduct; and when the source has the_
opposite polarity, the other set of rectifiers con-
duct. This full-wave rectification results in a

current flow through the meter in the same direc-
tion for both half-cycles. The average value of
the pulsating DC through the meter is approxi-
mately twice as great as that achieved with half-
wave rectification. The meter response with full-
wave rectification is doubled, and the meter's
sensitivity is improved by the same ratio.

11-56. AC meters are calibrated so that they
read the rms value of the sine wave of the voltage
or current being measurecj. The moving coil
cannot follow the instantaneous changes of pul-
sating dc because of its inertia.

11-57. Vacuum-Tube Voltmeters. A vacuum-
tube voltmeter is an .instrument for measuring
AC or DC voltages and it uses one or more
vacuum tubes in a special circuit containing a
meter. The operating power for the tubes is

usually obtained from a built-in power supply
working off an AC line, but batteries can be
used. Different types of piobes are used with
the instrument for measuring AC voltages to very
high values and ovey wide band of frequencies.
The VTVM is also known as an electronic volt-
meter.

11-58. The primary advantage of the VTVM
over ordinary meters is its ability to measure
voltages without loading the circuit. Normal op-
erating conditions are left more or less undis-
turbed since the VTVM draws negligible current
from the circuit under test. This is of special
advantage in solid state circuits where the con-
ventional voltmeter changes the circuit conditions
and produces false readings.

11-59. The VTVM can be used to measure
ac voltages over a frequency range extending
from 5 to 10 cycles to several hundred mega-
cycles. Specially designed instruments have an
upper frequency limit of several thousand mega-
cycles and can be used for testing high-frequency
equipment.

11-60. The VTVM can be used to measure
low voltages in high-impedance circuits, since
the input impedance of the VTVM usually is

standardized at approximately 10 megohms. The
loading effect is negligible when this impedance
is placed in shunt with the circuit under test, and
low voltage can be measured with a high degree
of accuracy. The conventional meter, having
much lower input impedance on the low-voltage
ranges, loads the circuit and produces erroneous
readings.

11-61. Basic VTVM. The basic DC VTVM
circuit consists of a triode, a source of plate
voltage, a source of grid bias, and a DC milliam-
meter calibrated to read the plate current result-
ing from the voltage applied betlimen the grid
and cathode of the tube. No current flows
through the tube with a zero,input "voltage, d

the mete? in the plate circuit indicates z o.

When a voltage is applied to the input ter als,
plate current flows through the circuit and is

indicated on the meter in the circuit.
11-62. In order to make the input resistance

of the instrument high, a high-resistance voltage
divider is used. The taps on the voltage divider
are arranged so that a wide range of dc voltages
can be measured. Regardless of the range, the
maximum voltage applied to the grid circuit
should never be more than 8 volts in order to
limit the meter to its full-scale deflection. Each
voltage range has its own tap on the voltage
divider applied to the grid. Each voltage range
is indicated on its own scale. Note that the total
divider resistance represents the input imped-
ance or total resistance of the instrument.

11-63. These fundamentals just discussed
never change. However, their applications in

the various VTVMs that you may encounter in-
volve many variations in the circuitry. Most
modern instruments make use of two or more
tul7es connected to form a bridge circuit.
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11-64. The meter indication corresponds to
the average value f the input voltage. The
meter scale can be calibrated to read average,
rms, or peak values.

11-65. The frequency' range of the instrument
can be greatly extended by rectifying the AC
voltage to be measured before applying jt to the
DC amplifier. A special test probe may ,be used
to house the rectifier diode or the rectifier may
be within the instrument case, in which case the
convettional probe can be used for the AC meas-
urements.

11,66. The AC scales of VTVMs are -nor-
mally calibrated toindicate the rms value of a
sine wave voltage. Therefore, when voltages
having other than a 'sine waveform are to be
measured, true measurements cannot be made
unless the VTVM measures peak-to-peak values,
as well as the rms of effective values. The peak-
to-peak measurements are accurate only on sine
wave voltages, and the PP scale is calibrated to
indicate 2.828 times the rms value. This multi-
plication factor will not result in tree values on
other than sinewaves.

11-67. When you service modern electronic
systems, it is frequently necessary to accurately
measure the peak-to-peak values of irregular
waveforms. The VTVM designed to do this in-
corporates a voltage doubler circuit for the pur-
pose of making these PP measurements. These
units are easily identified by the separate PP
positions on the selector switch. There may, or
may not, be a separate meter scale for the PP
values. If not, the regular AC scales are, used.

11-68. The meter scales cover a wide range
of -AC and DC voltages and resistance values.
Each scale is different from the others in some
detail. There are also va'riations in the scales
used by different manufacturers and even varia-
tions in different models made by the same man-
ufacturer. All of these scales are essentially the
same, and they are designed to be used in the
same way. Most errors occur when reading the
value indicated and those can be avoided by
following these three steps:

Determine the proper scale to be used.
Read the value indicated on that scale.
Use the multiplier or scale indicated by the
RANGE SELECTION switch.

11-69. Wattmeter. Electric power is measured
by means of a wattmeter. This instrument is of
the electrodynamometer type. It consists of a
pair of fixed coils, known as current coils, and a
movable coil, known as the voltage coil.

11-70. The actuating force of a wattmeter is
derived from the interaction of the magnetic field
of the current coil and the magnetic field of the
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voltage coil. The force acting on the moving
coil (voltage coil) at any instant is proportional
to the product of the instantaneous values of line
current and voltage.

11-71. The waumeter consists of two circuits,
either of which will be damaged if too much'
current is passed through- it. This fact is espe-
cially emphasized in the case of wattmeters, be-
cause the reading of the instrument does not
serve to tell the user alit the coils are being
overheated. If an ammeter or voltmeter is over-
loaded, the pointer will bb indicating beyond the
upper limit of its scale. In the wattmeter, both
the current and the potential gircuits may be
carrying such an overload thattheir insulation is
burning, and yet the pointer may be only part
way up the scale. This is because the position of
the pointer depends upon the' power factor of the
circuit as well as the voltage and current. Thus,
a low-power .factor circuit will give a very low
reading on the wattmeter even when.the current
and potential circuits are loaded to the maximum
safe limit. ghe safe rating is generally given on
the face of the instrument. This rating is not
given in watts but` inx-volts- and amperes.

I 1-7210Watt-Varmeter. In those installations
where more than one AC generator is used to
furnish the electrical power, it is vitally important
that each furnish its share of the real (KW) and
the reactive (KVAR) load if maximum perform-
ance and service life are*to be expected from the
system. The real (KW) and reactive (KYAR)
loads present in an aircraft AC power system *ill
be explained in detail in this course. The watt-
varmeter is used to provide a visual indication of
the amount of useful power in watts and of the
nonuseful or reactive power in VARs in the AC
power system.

11-73. This meter uses the electrodynamom-
eter type meter movement. A switch is incorpo-
rated into the meter circuit to facilitate using the
instrument to indicate either true power or reac-
tive power. The pointer deflection is determined
by the torque produced by the two currents. If
the current and the voltage are in phase, the
product of current times voltage at any instant
will be maximum and the pointer deflection will
also be maximum. If the current and voltage are
out of phase, the product of voltage and current
at any instant will be less than maximum, caus-
ing a proportionally smaller deflection of the
pointer. Once the meter scale has been properly
calibrated, it will read the true power of the
circuit.

11-74. When using the same instrument to
measure the reactive power (KVARs), a phase-
shifting capacitor is used. Such an arrangemcnt
will not respond to the components of current
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and voltage that are in phase in the Ac line to
which it is connected, but will respond to that
component of line current /that is out of phase
with the normal line voltaic. The same calibra-
tion on the meter that was Traviously Used to
obtain true power will now indicate the 'amount
of reactive power in the circuit.
, 11-75. Power-Factor Meter. One definition of
the power factor of a circuit is the ratio of true
power to apparent power. This is not the only
definition. It is also equal to the cosine of the
phase angle between the circuit current and volt-

A pure resistance has a power factor of
unAy he current and voltage are in phase and

the true wer and the apparent power are the
same). A sure inductance has a power factor of

zero (curren lags the voltage by 90°), and' a
pure capacitan has a power factor of zero
(current leads th voltage by 900). The cosine
of 900 is zerb. The ower factor of a,circuit may
be determined by the e of a wattmeter, a volt-

meter, and an ammeterthat is, the power fac-
tor may be determined by dividing the wattmeter
reading by the product of the voltmeter and
ammeter readings. This is inconvenient, how-
ever, and instrumenti have been developed that
indicate continuously the power factor, and at
the same time indicate whether the current is

leading or lagging the voltage. An instrument
that_ indicates these values is called a power-
factor meter.

11-76; Frequency Meters. In some AC sys-
tems it is necessary to know the frequency of the
voltage source. Two types of frequency meters
are suitable for this purpose. These are the
dynamometer type frequency meter, which uses
the electrodynamometer principle, and the vi-

brating reed type meter, which is an electro-
mechanical type of instrument.

11-77. Dynamometer type freqUency meter.
The dynamometer type. frequency meter uses a
dial and pointer to provide a visual indication of
the frequency being measured. The commonly
used frequency meter is the type A-1, which
includes a basic dynamometer type of frequency

meter circuit.
11-78. Such a meter can be calibrated to read

the exact frequency directly. In this system the
current doer not increase at a uniform rate but
increases more -rapidly as resonance is ap-
proached. Therefore, this type of meter can be

used for only a small frequency range.
11-79. Vibrating reed type frequency meter.

The vibrating reed type meter contains an dee-
tromagnet moubted near a metal plate. When
the electromagnet is energized with AC, vibra-
tions are set up that are identical in period with
the flux reversals caused by the alternating cur-,

rent in the coil. The vibrations are transmitted
to a metal plate, part of which consists of a set
of carefully balanced metal reeds. Each reed is
turned to vibrate excessively at one particular

frequency. If more than one reed is vibrating,

the one vibrating the most indicates the nearest
,correct frequency.

11-80. Frequency counter. The counter type
of frequency meter, also called the dighal-fre-
quency meter, is a high-speed electronic counter,
with an accurate, crystal-controlled time base.
This type of combination provides a frequency
meter which automatically counts and displays
the number of events or cycles occurring in a
precise time interval in the form of digits.

11-81. This type of frequency meter permits

the rapid measurement of frequency without in-
volved interpolation or the possibility of 'ambigu-

ous results. The measurement of a large number
of different frequencies in quick succession- is
also easily accomplished. The counter type of
frequency meter is also independent of input
waveform, since the input signal is eventually
shaped into a- series of pulses recurring at the
same frequency as the input frequency.

12. Special Purpose Measuring Devices

12-1. Many of the measurements you will be
required to take are difficult to do with a com-

mon meter. For this reason many special-pur-

pose measuring devices ,have been developed.
Some of the most used are discussed in this

section.
12-2. Use of the Oscilloscope. Figure 39, a

simplified block diagram of a typical oscillo-

scope, shows the general electrical location of

some of the oscilloscope controls. The ON-OFF
switch (not shown) and the focus and intensity
controls are located in the power supply section
which is connected to.the electron gun. '.4

12-3, Ili most of the oscilloscopes, the ON-
-OFF switch connects the various power supplies
of the oscilloscop.e to the ac power source, and
the intensity control varies the voltage which
controls the number of electrons -leaving the elec-

tron gun. After turning on the "scope," turn the
intensity control down to keep from burning the
CRT (cathode ray tube) screen. The focus con-
trol changes the voltage which 'compresses the
stream of electrons into a narrow beam so that
the stream will form s small-dot .or trace on the
fluorescent screen. After the CRT is warmed up,
a small clear dot or a thin line should appear in
the center of the screen if all of the controls are
properly set. You should- then adjust the focus
.and intensity controls for a sharp clear line or

ot.
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Figure 39. Block diagram of a typical CRT oscilloscope.

'.12-4. The horizontal and vertical position
(centering) controls ar,e used to move the elec-
tion beam across or up and down the screen.
Each of the controls is actually a potentiometer.
From the block diagram in the figure, you can
see that each potentiometer, is used to vary a
direct current potential whidh is applied to-one of
each of the deflection plates. If the DC potential
on the deflection plate is made more negative,
the beam is repelled. If too high a potential is
applied, the beam may be moved so far that no
dot will appear on the screen. These controls
should be left in a position where the image is
centered.

12-5. You use, two adjusting knobs on the
scope to control the sweep frequency. The first
(sweep-range selector) is marked either "coarse
frequency" or "frequency range" and it has sev-
eral positicms, At each position of this switch the
approximos range of frequencies for the sweep
generator will be indicated. Usually,-this control
inserts eleetronic circuit components of various
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sizes into the circuit to give a fairly large change
in frequency' of the sweep generator as the se-
lector is moved from-one position _to another.

12-6. The second control knob for the sweep
generator is the vernier or fine-frequency con-
trol. It varies the frequency smoothly over each
range. By operating both controls together, you
can sweep the dot at speeds varying from a few
times a second up to many thousands of times a
second. These two controls should be used in
conjunction to synchronize the scope sweep and
the AC input signal.

12-7. The length of the sweep can be changed
by varying the horizontal gain cOntrol. The con-
trol does not change the electrical length of the
sweep, or the time base, on the scope. Instead,
it changes only the physical length of the sweep.
Therefore, with the frequency control set so that
1000 microseconds are required for the dot to
travel from one end of the time base to the other,
that amount of tinie will elapse whether the hori-
zontal gain is at zero or at maximum. With 'this
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control turned all of the way counterclockwise,
the horizontal time base line is decreased to zero,
and the beam appears only as a dot. When you
turn the control clockwise, the 'line is made
lOnger. It is possible to stretch the time base
line beyond the visible ends of the screen so that
only a small portiOb of the sweep is actually vis-
ible on the screen. This is useful when only a
small portion of a wave shape must be examined
closely.

12-8. The remaining controls on the scope af-
feet the sweep.. One is the sync select switch,
which has at least these three positions: EX-
TERNAL, INTERNAL, and LINE. Another is
the sync contiol which regulates the amplitude of
the synchronizing voltage. Sometimes it is difficult
to confine the sweep generator to the exact:fre-
quency which will maintain a stationary image
on the screen. If a voltage of the desired fie7
quency and amplitu'de is fed into the sweep cir-
cuit, it -will lock the sweep generator at the
frequency. This synchornizing voltage, may orig-
-inate within the scope itself or may come from
the 60:Hz line voltage that is fed to the scope.
It may also come from an external source, such
as from the signal lleing observed.

12-9. When the signal to be observed is ex-
tremely small, it is not fed directly to the vertical

, deflection plates. Instead, it is first amplified un-
til it gives a strong enough response. Two con-
trills, the vertical amplifier ratio (VAR) and the
vertical gain (VG), are used to alter the size of
the image on the spreen. The VG and VAR
controls are not found on all oscilloscopes.

12-10. The abilify of the scope to give a sta-
tionary.pattern for.a changing voltage represents
one of its most 'vsaluable functions. Different
components within g ckcuit have different effects
on waveshapes. With the aid of the oscilloscope,
these effects can be identified from the shape of

. the waves.
12-11. The scope can be used to determine

an unknown ac frequency. Before it can do this,
hoWever, the sweep frequency%ust be known.
With the sweep frequency known, the unknown
signal frequency may be found by making a few
simple computations.

12212. If the frequency of the signal is-
known, the sweep frequency can be determined
by direct observation of the.pattern that appears
on the screen. These procedures are applicable
only if thereis a simple relationship between the
frequencies of the two vOltages. Some very inter-
esting patterns called Lissajous patterns may be
obtained by applying an AC signal to the hori-
zontal deflection plates at ,the precise moment
another AC signal voltage is applied to the verti-
cal deflection plates. Figure 40 shows the results
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Figure 40: Sweep patterns.

of applying voltages,pf the same frequency to
the two pairs ot plates. AThe circle .at-the upper
left shoWs the image that is formed on the screen
when two identical voltages (E1 and E2) having
the same frequency, the same amplitude, and.the
same starting 'time for their cycles are applied
to the two pairs of plates. The resulris a straight
line directed at an angle of 45° with respect to
a horizontal plane. Unequal amplitudes having
the same frequency produce straight lines at dif-
ferent angles. Since voltages E and E2 are go-
ing through the same cycle -simultaneously (in

\time with each other), they are said to be in
phase.

12-13:-Two voltages of the same frequency
may begin their cycles at different times. Such
voltages are said to be out,of phase. If one volt-
age reaches its maximnin positive value when
the other voltage is at zero aid starting in a
positive direction, they wilt be 90° out of phase.
In this instance the first voltage is said to lead
the second voltage by 90°. The 'result of apply-
ing two such voltages is shown in the upper right
pattern in the figure. Voltages E3 and E2 are of
the same amplitude and the same frequency, but
E3 leads E2 by 90°.

12-14. The scope pattern in the lower left cor-
ner of the figure shows the result when the volt-
age on the vertical deflection plates is of the
same frequency but of a smaller amplitude and
90° out of phase With the voltage on the hori-
zontal deflection plate, Voltage E4, in this case,
lags E, by 90°. The resultant image on the
screen is in the form of an ellipse,

12-15. In the circle in the lower right-hand
cotner of be 'figure you can see what happens
when two voltages have the same frequency but
different ahiplitudes and are 180° out of phase
when applied to the two pairs of deflection plates.
The image appears As a straight line whose angle
with respect to the horizontal reference plane is

6,9
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Figure 41. Transconductance type tube tester.

the result' of the ratip of the respective ampli-
tudes of the voltages concerned.

12-16. At this point you should be familiar
with the waveform of a normal sine wave; there-
fore, the remainder of this section will discuss the
patterns of distorted sine waves which you may
encounter and the causes of these distortions. We
are using the term "distortion" in a very loose
manner to generally signify dissatisfaction with
the shape of the sine wave ?it ocessed by an
amplifier. Bear in mind that the waves of all
amplifiers are not the same, and what is a nor-
mal waveform for one amplifier may be an ab-
normal waveform for another amplifier. Always
check the applicable, technical order for the par-
ticular item of equipment you are testing so dist
you may compare the waveform displayed on the
oscilloscope with the waveform that is desired.

12-17,. When you are examibing a waveform
in a clail A amplifier cirtuit, you are generally
looking for a smooth curve in which the positive
and negative peaks are Any distortion,
however slight, can usuall be considered due to
some malfunction in the circuit. Often this is a
malfunctioning tube. Let's discuss how, we test
tubes!

12-18. Tube Testing. Each tube is tested by
the manufacturer before it is packaged and
shipped to the dealer. Since the tubes .may be
damaged during transit, storage, or han-
dling; they should be tested before they are used.

Ct

Tubes that are in 'service do not last forever.
Failure is commonly attributed to 'one of the fol-
lowing reasons: (1) the cathode may lose its
ability to emit electrons because its coating flakes
off, (2) the tube may develop a leak and permit
air to enter the envelope, and (3) internal shorts
or opens may occur as a result of excessive volt-
ages and/or vibrations while in service. In brief,
there are many ways for the tube ,to become
defective. A tube that glows is not necessarily
good, and you cannot check it merely 'by looking
at it.

12-19. The only sure method for you to check
the condition of a tube is with a tester. Most
ot these -units are portable and are about the size
of a small suitcases They require an external
source of 115-volt, 60-cycle power for operation.
Although there are many models, they .411 fall
into two general classifications, emission and
transconductance testers. The transconductance
type, which is shown in figure 41, provides the
most accurate means of testing. A tube may in-
dicate normal emission and still not Operate prop-
erly, because the tube efficiency depends on the
ability of the grid voltage to control the plate
current. The emission tester does not check this
factor, but it does check the plate current. By
contrast, the transconductance machine meas-
ures the grid-plate transconductance and indi-
cates the operation of the tube, not just the cob-
dition of the emitting surface. In addition, tube
testers of all kinds usually provide a check for
shorts, noise, and gas.

12-20. Figure 41 illustrates a typical transcon-
ductance type tube tester. This illustration is pro-
vided only to show a- general appearance of a
typical unit. In a unit such as this, the operating
instructions are located on the inside of the cover,
as shown.
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Figure 42. Semilutornatic tube tester.
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12-21. The ON-OFF switch shown in the
lower left-hand corner of the illustration connects
the tester to a 110-volt power line. It should be
in the OFF position while the various controls are
being set for the particular tube to be tested.
The LINE ADJUST knob is used to compensate
for differences in the line voltage that would
affect the reading on the meter. The roll charts,
located at the bottom of the tester, list the set-
ings for the tube that is to be tested, and the
knobs located directly above the roll charts are
set at the levels indicated by the charts. By
comparing the information on the roll charts with
the reading indicated on the meter, you can de-
termine the 'serviceability of almost any electron
tube that you may =counter. In addition, the
tester also provides a control for determining
shorts within the tubes.

12-22. Another type tube tester is shown in
figure 42. This tester is known as a semiauto-
matic tester because the roll charts and the ad-
justing controls have been 'replaced by a pre-
punched plastic card for the particular tube to be
tested. When the card is inserted into the holder,
the card actuates a microswitch which, in turn,
actuates all the desired circuits simultaneously.
The meter indicates the serVIceability of the tube.
The card is released from the holder by operat-
ing the PUSH-TO-REJECT-CARD knob, which
releases the card and disconnects all the circuits.
In addition, the tester contains test cards that
can be used to determine the location of defec-
tive meter shunt resistors and calibration cards
to calibrate various potentiometers within the test
unit. Provisions are alsomade so that replace-
ment cards or new cards may be punched as
required. .

12-23. This has been a very' brief discussion
of tube testers. This course is not intended to
teach you the operation of special pieces of equip-
ment. By following the directions supplied with
the tube testers, you will encounter little diffi-
culty in testing electron tubes; however, let us
mention one precaution. Before the tube to be
tested is inserted in the correct test socket, you
should make certain that the front-panel controls
are set to tile positions listed for that type of tube
in the data chart. This precaution is necessary
to prevent excessive voltages from being applied
to the tube elements (especially the filament):

12-24. Line-voltage adjustment. The line-volt-
age adjustment is necessaq so that the line volt-
age applied', to the primary of the transformer
can be preset. It is preset to an operating value
of 93 volts (used as a test reference point) re-
gardless of the variations caused by differest
tube loads or fluctuations in the AC supply,
which niay range fiom 105 to 130 volts and still
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be adjustable. The test equipment is calibrated
at the factory so that the meter pointer rests over
the LINE TEST mark (approximate center)
when the voltage across the primary is 93 volts.
Since various types of electron tubes draw dif-
ferent values of currents, a UNE ADJUST-
MENT rheostat is provided so that the primary
voltage can be set to the designed operating volt-.
age before any test is begun. A small protective
lamp that will burn out on an overload is con-
nected in series with the primary of the trans-
former to prevent equipment damage.

12-25. Short-circuit test. By means of a ro-
tary five-position switch labeled SHORT TUBE
TEST, the electrodes of the tube tinder test are
switched, in turn, across a neon SHORTS lamp
that is connected in series with the secondary of
the transformer. Shorted tube elements (and any
,other internal tube connections) will complete
the AC circuit, which causes both plates of the
neon lamp to glow. Momentary flashes of the
neon SHORTS lamp may be caused when the
switch is rotated. These flashes are caused. by
the charging of the small interelectrode capaci-
tances of the tube when the voltage is applied
and do 'not indicate short circuits. If the tube
under test has a shorted element, the neon lamp
will glow continually on one or more switch posi-,
tions. Since the filament circuit and other inter-
nal tube corinections will show up as short circuits
in this test, the tube data chart should be
consulted for pin connection information before
interpreting the results of the test.

12-26. Noise test. The cireuit that is used to
check for short circuits is also used to determine
the noise condition of the tube under test. In
tests for noise, the antenna and ground terminals
of a radio receiver are connected to the NOISE
TEST receptacles. Any intermittent short be-
tween tube electrodes permits the AC voltage
from the power transforiner to be applied mo-
mentarily to the neon lamp. The brief oscillation
caused by ttring of the lamp contains radio
frequency noi signals which.are amplified, de-
tected, and reproduced as audio signals by the
associated radio receiver. A less sensitive noise
test can be made using a pair of headphones in-
stead of the radio receiver. To cause movement
of loose electrodes, you can tap the tube during
this test.

12-27. Gas test. Two pushbutton ,switches, la-
beled GAS No. 1 and GAS No. 2, are used for
thiss test. The GAS No. 1 button is first depressed,
and the plate-current reading on the meter
is noted. Depressing the button marked GAS
No. 2 inserts a 180,000-ohm resistor into the
grid circuit. If gas is 'present in the tube,. the
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. Figure 43. Simple bridge circuit.

grid current that flows reduces the normal bias
on the tube and increases the plate current meas-
ured by the meter. A tube with A negligible
amount of gas produces an increase in plate cur-
rent' of less than one scale division when the GAS
No. 2 button is depressed. An increase of more

-than one scale division indicates an excessive
amount of gas in the tube. .

12-28. Rectifier test. Diode rectifier and de-
tector tubes are checked by the same method
used in the emission type tube tester. A known
value of AC voltage is applied to the tube under
test, and the meter indicates the rectified plate
current. The two sections of full-wave rectifier
art-tested separately. The switch for testing 0Z4
cold-cathode rectifier tnbes provides a higher AC
voltage than is normally used for filament type
rectifier tubes. The switch for diode tubes pro-
vides a lower voltage than that used for regular
rectifier tubes, and also inserts a protective series
resistor.

12-29. Quality test. For the quality test of
grid controlled tubes, a meter scale calibiated in
arbitrary units is used. The minimum acceptable
reading is listed in the tube data chart. The cor-
rect value of this grid bias is obtained when the
BIAS control resistor is rotated to the setting
listed in the tube data chart. An AC voltage is
applied in series with the grid bias. This signal
causes the grid potential to change from the DC
bias level, thereby producing the grid-voltage
change required for a dynamic transconductance
test. The plate voltage for the tube under'test is
supplied by a rectifier tube. A meter that indi-
cates the plate-Current change is in the return cir-
cuit of ihe rectifier supply. A dual potentiometer
is used to adjust the resistance shunted across
the peter so that a single meter -scale can be
used for testing any of the tubes lifted in the
tube data chart. Another special tester is 'the
Wheatstone bridge, a special resistance tester:
fl 2-30. Wheatstone Bddges. The Wheatstone

bridge is a network circuit generally used to

measure resistance. It is far more accurate than
the D'Arsonval ohmmeter. Generally speaking,
the bridge is used only where resistance must be
known to a fraction of an ohm. Therefore, for
other cases, instruments that have a circuit sim-
ilar to the Wheatstone bridge are used.

12-31. One of these, the simple bridge circuit
shown in figure 43, consists essentially of a sen-
sitive galvanometer, a source of EMF, two fixed
resistors (A and B), and a variable one (R).
This circuit, which will serve to introduce you to
the Wheatstone bridge, operates on the balance
of voltage between points in a parallel circuit.
You can read the value of the resistance being
measured (X) directly from the rheostat knob,
which controls a very accurately calibrated var-
iable resistor.

12-32. The bridge operate& in the following
manner. BR and AX form a parallel circuit be-
tween points e and f, and the voltage across
each branch is equal to the applied voltage. In

for current to flow in a conductor, a dif-
'Ice in potential (EMF) must exist between

the two points to which it is connected.
12-33. To balance the Wheatstone bridge, the

terminals of the galvanometer (c and d) must
be at the same potential. For this condition, the
voltage across R must equal that across X, and
the potential across B must equal that across A.
Since A and B have the same resistance, that of
R must correspond to X in order for the bridge
to be balanced. By changing the resistance of
R until the galvanometer indicates no current
flow, you can read the value of X in ohms from
the calibrated knob of the rheostat (R).

12-34. Although a bridge of the type ex-
plained is extremely accurate, it has a small
range of capability because of the single variable
resistor. By making A and B variable, you can
increase the range many times *le retaining
the same accuracy. You can do this because the
ratio of any two adjacent resistors in a balanced
circuit is equal to that of the other two. This
statement can be summarized by the following
equations:

ern
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A x B= = A A X R
X

,
B

.Since the values of A, B, and R are known, you
can calculate the value of X. Now that you have
studied the simple circuit for background, let's
go over a temperature measurement unit, which
is an airborne installation that uses a typical
Wheatstone bridge.

12-35. There are 100 ohms in the thermom-
eter resistance of the sensitive element when its
temperature is at some predetermined value.



Since the resistance arms (A, B, and C) are set
for 100 ohms, the circuit is in equilibrium, and
no current flows through the coil of the D'Arson-
val meter mechanism. When the bulb tempera-
ture increases or decreases, so does its rqsistance;
but the resistances of the other arms are fixed.
Since the equilibrium is destroyed, the current
flows through the coil of the, D'Arsonval meter
and causes it to rotate between the poles of

a ,
,..

the permanent magnet. As a result of this ef-
fect, the pointer moves to indicate the increase
or decrease of temperature. Since the possible
error owing to variations of supply voltage is least
near mechanical zero, this point is on the portion
of the scale where the greatest accuracy is
needed. Specifically, this is where the pointer al-
ways comes to rest when the power supply is
turned off.
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CHAPTER 5 7b

Advanced Physics for the Electrician

WHAT
IS WORK? Before work can be de-

fined, we must know what force is. Force
is defined as energy exerted. This simply means
that if for some reason energy is directed, then
it is force. This concept can be shown in a more
realistic situation. We have all seen a ball thrown
into the air, and observed the ball fall back to
the ground. This is an example of force. Energy
in the form of gravity is the force that pulls the
ball back to the ground.

2. Armed with the knowledge of force, we
can now define work, but work is not simply
the application of force. Work is the transfer of
energy from one object to another. More simply
stated, if a resistance is overcome by a force and
if movement results in a measurable distance,
then v..--.k is done. An example of work is push-
ing a broom. Energy is transferred from the arm
to the broom handle and brush; if the energy
level (force) is sufficient, the brush will slide
over the floor, guiding the dirt in the direction of
brush movement. This example is typical of
work in the Air Force because energy is trans-
formed to accomplish an objective. In this ex-
ample, the objective is a clean floor.

3. Imagine, if you will, cleaning the floor be-
neath you with no tools! This task would take
forever, and you would never become an elec-
trician. Foitunately, we have tools to lessen our
labor. These tools come in inany different forms.
We can be more general and call this applied
physics.

13. Appliod Physics
13-1. Three methods of applied physics that

interest us are simple machines, effects of pres-
sure and temperature on a material, and electron
physics. The first of the applied physics we will
discuss is the simple machine.

13-2. Simple Machines. Usually a madhine is
thought of as a complex unitan engine or an
adding machine. True, these are machines, but
so are other simpler devices such as crowbars,
screwdrivers, or steering wheels. A machine is
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any device that helps you do work. Machines
do not lessen the amount of work to be done;
they only make the job easier to do. A machine
may help a man do a job by changing the
amount of force or the speed of the action that
he uses. For example, a clawhammer is a ma-
'chine. It can be used to apply a large force. A
relatively small pull on the handle produces a
much greater force at the claws than is possible
without leverage. In many ways, man can in-
crease the force he applies. Some of these ways
are complicated, but even the complicated ways
are only combinations of two or more simple ma-
chines. A simple machine is a unit that cannot
be broken down into more simple elements and
itill work. .

13-3. How can we tell when a machine is do-
ing an efficient job? Measuring input and, output
is the method used. We call this measurement
mechanical ad v ant age.

13-4. Mechanical advantage. This is an ex-
pression of the ratio of the resistance and the
applied force. When a force is used to overcome
a larger resisting force, a mechanical advantage
is said to exist. The mechanical advantage of
force may be determined by either of the two
formulas:

..

Or

rs4A effort distance
resistance distance

resistance
effort

13-5. All simple mabhines, of combinations
thereof, are used, primarily, to change direction
or size of an available force. This change makes
the force more useful in doing work on a resist-
ance. The ratio resulting between the resistance
and the effort is the mechanical advantage.

13-6. It is impossible to make a machine 100
percent efficient. But some machines are more

1
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efficient than dthers. Friction is the main factor
limiting the efficiency; however, friction is a nec-
essary evil.

13-7. Many machines are a combination of
two or more simple machines. The mechanical
advantage of a compound machine is usually the
product of the separate mechanical advantages.
If one machine with a mechanical advantage of
5 and a second machine with the same advantage
were combined, a mechanical advantage of
25 would result for the unit.

13-8. We know that a machine should de-
crease the amount of work. Let's look at an ex-
ample.

13-9. The screw. The screw is a simple ma-
chine that has many uses. Examples of the ap-
plication of the screw are the vise on a work-
bench, the screw clamps "used to hold pieces of
furniture together while thei are being glued,
and the jackscrew used in lifting an airplane.

13-10. The screw is a modification of the in-
clined plane, used in conjunction with a lever.
Cut a sheer of paper in the shape of a right
triangle. Wind it around a pencil, as in figure
44, foldout 1. (Note to student: Figs. 44-101
can be found on foldouts 1-7 at end of volume.)
This experiment shows that the screw is actually
an inclined plane wrapped around a cylinder.
The distance between threads is called the pitch.
Pitch is measured along the length of the screw.

13-11. Study figure 45, foldout 1. There you
see a jackscrew."-It is the type used to-raise a
house or a piece of healiy machinery. The jack
has a lever handle. As the handle is pulled
around one turn, its outei end completes a circle.
That is the distance through which effort, (F) is
applied. At the same time, the screw has made
one revolution, and has been raised a height
equal to its pitch (h-P).. One full thread has
come out of the base and the load has been
raised a distance equal to the pitch of screw.

13-12. The theoretical mechanical advantage
of the screw is equal to the ratio of the distance
traveled by the end of the lever to the distance
between the threads of the screw. The for-
mula is

2r RMA -

in which R equals the length of the handle and
p equals the pitch of the screw.

13-13. If the length of the lever arm is 24
inches and the pitch of the threads is V4 inch,
what is the mechanical advantage?

mA 2 X, 3.14 X 24 150.72
6°2.881/4 1/4 '
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A 50-pound force on the handle would result in
a lift of 50 X 602, or about 30,000 pounds.

13-14. Keep in mind, however, that the fore-
going equation is only theoretical. Actually, the
counter force of friction cuts down the mechan-
ical advantage to a considerable degree, thus nec-
essitating more force than the equation indicates.
A high friction loss is present in any jack because
the threads are so cut that the portion of the
applied force used to overcome friction is actually
greater than the portion used to do useful work.
If the threads were not cut this way, the weight
of the load would cause the jack to spin back
down to the bottom as soon as the force is re-
leased.

13-15. In a jack, a lot circular motion is
used to get a small arn of straight-line move-
ment from the head- of the jack. As with all
machines, the actual mechanical advantage
equals the resistance divided by the applied ef-
fort.

13-16. Friction, though a hindrance in doing
work, is present in every motion or movement.
It is a facto; which lowers the efficiency and
mechanical advantage of a machine.

13-17. Simple 'machine principles are used
throughout modern aircraft. Every system has
one or more of the simple machines, such as
the lever, pulley, wheel and axle, inclined plane,
wedge, and screw.

13-18. None of these are mysterir. You
will encounter them in your everyday duties. If
you recognize and understand them, your job will
be easier.

13-19. This is not the only applied physics that
concerns an electrician. Not all objectives can
be accomplished using simple machines to per-
form work. Forces of pressure and tempera-
ture applied, to a material can be harnessed to do
work in many aircraft systems.

13-20. Effects of Pressure and Temperature.
Matter is a substance that has space and weight..
But, what does that have to do with, pressure
and temperature? Well, anytime matter changes
formgas, liquid, or solidenergy is rdeased or
absorbed. Of course, when the state-of matter is

-altered, the volume of the mafter changes
form. Do you recall that a transfer of energy is
work? The above statement thus implies that
work is being done. The first effect discussed is
prtssure. ''

13-21. Pressure. Did you ever try to walk on
crusted snow that broke through under your
weight? Unless snowshoes,are used, you know it
is impossible to walk on thin-crusted snow with-
out breaking through. The snowshoes do not re-
duce your weightthey merely distribute it over
a.larger aria:"By doing this, the ,snowshoes re-



duce the pressure. Pressure the push or pull
per unit area of the surface cted upon. In the
Air Force, prIssure is ormally measured in
pounds per square in (psi). In the example
above, if you weigh 160 pounds, that weight or
force is more or less evenly distributed by the
soles of your shoes. The area of the soles of an
average man's shoes is roughly 60 square
inches. Each one of those square inches has to
carry 160 -5- 60, or 2.6 pounds of your weight.
Since 2.6 pounds per square inch is too much for
the snow crust, you break through.

13-22. But, put on the snowshoes. Your
weight now is distributed over an area of 900
square inchesdepending, of course, on the size
of the snowshoes. Now the forces on each of
those square inches is 160 ÷ 900, or only 0.18
pound. The pressure per unit area on the snow
has been decreased, and the snow can support
you.

13-23. Visualize the previous examples; and
instead of ice, use water or even steam. The
example won't work; liquids and gases have dif-
ferent properties than solids. This is illustrated
by the bourdon tube principle.

13-24. A common pressure switch works on
the principle of a bourdon tube. A volume of
air is forced through a small tube at high speed
with low pressure. Then the air is dumped into
a chamber where speed drastically decreases
and pressure increases until the diaphragm moies
and actuates the switch. The example in the
following paragraph will illustrate the operation
of this principle.

13-25. Refer to figure 46, foldout L Notice
that the switches normally have open electrical
contacts when no differential air pressure is ap-
plied and closed electrical contacts, when the air
pressUre is sufficient. The HI port (B) on the
pressure switch leads to a high-pressdre source.
The LO sicle port (A) of the pressure switch is
vented to the atmosphere. When enough air is
available for operation, the diaphragm .(C) is
forced upward and the microswitch (D) is closed.
This action completes the electrical circuit. When
the air pressure drops below what it should be
foi operation, the diaphragm moves downward
and the microswitch opens the electrical circuit.

13726. pressure is used in many systems on
an aircraft; and you must understand pressure
physics to successfully troubleshoot these systems.
Another force of physics is the change in tem-
perature of a material.

13-27. Temperature. We have all teen ice
melt, water boil, and steam condense. These
examples are results of heat application: By def-
inition, the above aCtion is wdik: Energy is being
transferred from the heating source to_ the ma-
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terial being heated. But, Most electricia are not
concerned with water on an aircraft, so let's look
for a different example of temperature effects.

13-28. A continuous cable fire warning sys-
tem operates on the transfer of energy because
of heat application. The transfer takes place in
the sensing element. What happens when heat
is increased around the sensing element?

13-29. Two conducting materials are sepa-
rated by a porous ceramic insulating material that
is impregnated by a substance that reacts drasti-
cally to heat application. The whole operation
depends on the impregnated substance within the
makeup of the sensing element.

13-30. At a predetermined point the impreg-
nated substance changes from a solid material to
a liquid*material. As a result the liquid sub-
stance will duct through the pores in the ceramic
and complete a low resistance path for current
flow between the two conductors (inside and
out). The reverse is trtle when the heat is re-
moved from the sensing element.

13-31. When the, heat is removed, the liquid
condition will revert back to a solid and that
consequently breaks the circuit. Why? As the
temperature of the substance decreases, cohesion wr
will become the major force and the volume of
the impregnated, substance decreases. When the
transfer of energy is from the impregnated ma-
terial to the surrounding air, electrons around
the nucleus of atoms of the impregnated sub-
stance beco me ore dependent upon the co-
hesion force than, pon an outside influence, such
as temperature.

13-32. We have seen that physteal changes of
a material can be put to ?iork, but another type
of physics exists that interests an electrician
above the level of simple machine, pressure, and
temperature effects. Of course! ELECTRON
PHYSICS.

13-33. Electron Physics. You may well won-
der what can be discussed under electrical prin-
ciples, And specifically electron physics, that you
can use in your work. Let's try to explain how
these two subjects are related to your job.

13-34. As an aircraft electrician, you will be
troubleshooting complicated electrical systems.
These complicated systems very often contain
transistors or other semiconductor devices. To
properly troubleshoot these systems, you must
understand how and why the semiconductors op-
erate or you will not be able to properly interpret
the indications of the test instruments you are
using. To understand semiconductors you must
first understand the nature of matter. Even
though you may remember some parts of this
subject from your 3-level schooling, we shall re-
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view the material to insure that all students begin
at the same point.

13-35. Atomic Structure. All mattersolid,
liquid, and gasis composed of molecules. The
molecules, in turn, are composed of atoms. Each
of the hundrechodd known elements of matter is
composed of atoms that are different from the
atoms of the other elements. ,They differ in the
number of subatomic- particles which they con-
tain. Three major subatomic particles are the
proton, neutron, and electron. The electron is
the most important to you as an electrician. The
relationship between the subatomic particles can
best be described as electron physics.

13-36. Let's take a closer look at the behavior
of electrons surrounding the nucleus. Refer to
figure 47, foldout 1.

13-37. The protons and neutrons together
form the nucleus of an atom around which the
electrons circulate, much like planets around the
sun. The electrons are negative charges-of elec-
tricity, and the protons are positive charges of
electricity. In the normal or balanced atom, the
number of electrons equals the number of pro-
tons. The electrons are held in their orbits by
the attraetion that exists between unlike charges.

13-38. Let's consider an atom of the element
carbon, Figure 48, foldout I. The carbon atom
contains six positive protons in its nucleus and
six negative electrons in orbit. The charges can-
cel out, so the atom is electrically neutral.

13-39. Note that an atom is electrically neu-
tral when it contains the same number of positive
charges in the nucleus as it has negative charges
in orbit. Most atoms are electrically neutral. If
they are not neutral, they are called IONS.

13-40. An example of an ion is found in figure
49, foldout 1. There are four protons, but only
three electrons. The three negative charges do
not cancel the four positive charges, so the atom
is not neutral. It is an 1014.

13-41. Another example is found in,figure 50,
foldout 1. Again, there are four protons, but
now there are five electrons. This too, is an ION.

13-42. It should be of more than passing in-
terest for you to note there is a difference be-
tween the two ions. Figure 49, foldout 1, has
four protons ( + ), and three electrons ( ).
Therefore, having one more positive than nega-
tive charge, it is a positive ion. Figure 50; fold-
out 1, has four protons, and five electrons. It
has an extra negative charge and is,, therefore,
a negative ion.

13-43. When it was in its neutral state, the
atom in figure 49, foldout 1contained four pro-
tons and four electrons. ObViously, then, it had
.to lose one electron in order to arrive at its
present state of being a positive ion. Likewise,
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the atom in figure 50 ha4 to gain one electron
tb arrive at its present state of being a negative
ion."

13-44. It follows that in order for an atom
to become an ion, it is considered to either have
lost or gained electrons from its outer orbit. The
outer orbit isn't the only orbit that can lose or
gain electrons. However, it is the only one we are
concerned with at this time.

13-45. The OUTER ORBIT is the orbit that
is farthest from the nucleus. The electrons in
this outer orbit are called valence electrons.
Valence refers to the position of an electron with
respect to its nucleus.

13-46. Perhaps ycitere wondering where the
"lost" electrUns go and where the "gained" elec-
trons come from. Obviously, when they go some
place or come from some place, there is move-
ment involved. This movement of electrons is
electric current and will be discussed in following
paragraphs.

13-47. Now, let's concentrate on valence elec-
trons (see fig. 51). In some substances these
electrons are easy to move from their orbit. Nor-
mally, they are moved from their orbit by the
force of another electron entering that orbit. They
may move from one atom to another in a hap-`
hazard manner. Electrons that are able to move
in this fashion are known as free electrons. The
atomic structure of a material will determine
whether or not the material has many or few free
electrons.

13-48. In general, all materials may be placed
in one of the following three major categories:
conductors, semiconductors; or insulators. These
categories were evolved from a consideration of
their ability to allow an electric current to flow.
This, in turn, depends on their atomic structure.

)3-49. Conductors. A good conductor is a
material that has a large number of free elec-
trons. The free electrons move from atom to
atom in a haphazard manner. (Refer to figure
52, foldout 1.)

13-50. The moVement is approximately equal
in all directions so that electrons are not lost or
gained by any particular part of the conductor.
When this random movement of free electrons in
a conductor is controlled so that the electrons
move generally in the same direction, an electron
flow results. This electron flow is called an elec-
tric current.

13-51. It takes quite a while to talk about it,
but the effect of the electron movement is felt ,

instantaneously from one end of the conductor to
the other. A good conductor, then, permits free
-electrons to move through it. In so doing, it

Permits a current to flow.
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13-52. A significant effect upon the action of
the free electrons is temperature. What happens
whon the temperature of a material increases?
The volume of the material has to increase, and
the free electrons move farther apart. Therefore,
a constant force distributed over a greater area
will decrease the rate at which the free electrons
flow, and consequently, work is decreased. This
principle is known as a positive temperature co-
efficient and is prevailing in all metals.

13-53. Conductors may be in the form of bars,
tubes, or sheets, but the most common conduc-
tors are in the form of wire. The ability of a
material to conduct electricity -also depends upon
its dimensions. This will be covered in a later
discussion. In order to make wire easier to han-
dle and also less subject to changes in weather
and other external conditions, it's often covered
with some other material such as rubber, plasti4
or enamel. These coverings also provide protec-
tion against short circuits and leakage. The
coverings are known as insulators and will be the
second of the three major categories we'll discuss.
Remember, the three major categories were con-
ductors, semiconductors, and insulators. The
categories were evolved from a consideration of
the material's ability to allow electric current to
flow. This, in turn, depends upon their atomic
structure .

13-54. Insulators. An insulator is a material
or combination of materials, the atomic structure
of which opposes the movement of electrons from
atom to atom. In other words, an insulator is a
material that has few loosely held electrons. No
material known is a perfect insulator, but there
are materials that are such poor conductors that
for all practical purposes they are classed as in-
sulators. Glass, dry wood, rubber, mica, and cer-
tain plastics such as polystyrene are materials
that are good insulators.

13-55. Now, let's review what has been cov-
ered in this discussion. We defined a conductor
in terms of its atomic structure. A good conduc-
tor is a material that has a large number of free
electrons. Silver, copper Wand. aluminum are ma-
terials with many free electrons. Copper is the
most commonly used. In terms of its atomic
structure, an insulator is a material with a very
small number of free electrons. Rubber, mica,
glass, dry wood and plastics are examples of good
insulators.

13-56. Semiconductors. Between the extremes
of good conductors and good insulators are a
number of materials That are neither good
conductors nor good insulators. Germanium and
silicon fall into this category and are called semi-
conductors. An important characteristic of semi-
conductors is that they are composed of atoms
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whose valence electrons can be readily shared
with another adjacent atom of the same material.
For example, germanium, the most common
semiconductor material, has four valence elec-
trons that can be readily shared with another
germanium atom. The result is that When many
germanium (or other semiconductor material)
atoms are close together, the valence electrons
will tend to form covalent bonds.

13-57. A covalent bond is formed when two
adjacent atoms share an equal number of valence
electrons. The bond is maintained by the attract-
ing force of one atom's nucleus -on the other
atom's electrons, although there is no change in
the chemical or electrical characteristics of either
atom. Only substances that have a crystalline
structure have the ability to form covalent bonds.

13-58. A specific difference between serilicon-
ductors and the other two categories is that of
heat effect. Normally, a substance will increase
its opposition to current flow as temperature- in-
creases, but a semiconductor will decrease its op-
position to current flow with an increase in
temperature. Reason behind this principle is dis-
cussed in greater detail in the next chapter.

13-59. Let's look at a part of electrical physics
that deals with static charges.

13-60. Electrostatics. As we continue into the
area of charged bodies, keep in mind that we are
dealing with electrostatics. The study of electro-
statics is actually the study of electrical charge at
rest. It is here that the' electrical forces between
particles can be observed experimentally and
measured before motion begins. The fundamen-
tal laws that govern these forces can be derived
and stated.

13-61. Let's take an example. A "pith balP'
(fig. 53,A, foldout 1) is a substance containing
many thousands of atoms. If the atoms are all

neutral, then the substance is also neutral. How-
ever, if you take away some electrons, the sub-
stance becomes positively charged. Add electrons
and it becomes negatively charged. A substance
(fig. 53,B, foldout 1) may be in any one of three
electrical conditions. The conditions are positive,
negative or neutral.

13-62. Remember the basic law of electrical
charges? Like charges repel each other; unlike
charges aura& each other. See figure 53,C, -fold-
out 1. ,

13-63. Charged substances either attract or re-
pel each other, since their charges must be alike
or unlike. Consider a pith ball that is positively
charged. Place it near one which is negatively
charged and ihey, will attract each other. If the
charges are etat enough and the balls are free
to move, they will come into contact. Even if the
balls are not free to_move, a force of attraction
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exists between them because of their unlike
charges. This, attraction takes place because the
excess electrons of the negative charge are try-
ing to ,move to the positive charge, which has a
deficiency of electrons. The attraction is felt
through the electric field of the protons and elec-
trons in the pith ball. An electric field is com-
posed of the unseen lines of force which radiate
in all directions.

13-64. A force of repulsion always exists be-
tween like charges due to their electric fields.
Thus, if a moving electron comet close to another
electron, the second electron will be pushed away
without the two electrons coming into contact.
The force of this repulsion between like electro-
static charges, or attraction between unlike
charges, is related to the distance between the
charged bodies.. This can be shown by the fol-
lowing formula:

f ± Qi X Qi
d'

where f = force (in dYnes)
= charge on body 1

Q, = charge on body 2
d' = distance squared (in centimeters)

-1.- is wed because the force can be either attraction or
repulsion

13-65. Let us inject a cheerful note about this
formula. You don't have to be too concerned
with it at this time. We are only using it to show
you the relationship between distance and force
in dined bodies. However, it should bring an
important point to your attention. The point is
that the charges on a body (0-1 and Q2) are
measurable. Indeed they are. The unit of elec-
trical charge is the coulomb. :The coulomb is a
definite quantity of electrons.

11:66. Coulomb. There are many electronrin
a coulomb of electrical charge. Specifically ? one
coulomb contains 6.28 X 10" electrons, which
is 6.28 million, million, million electrons. The
coulomb measures the ,quantity of the electrical
charge (number of electrons) regardlos of
whether the charge is in motion or standing still.
The law of electric charges may be extbfided to
explain other important phenomena.,

13-67. Friction. Let's take a lodk at how sub-
stances may be charged and the distribution of
the charges on the substance. Friction is the most
common method of producing a static charge.
We use two examples. 'Rub a glass rod with a
piece of silk and the friction produces a static
charge on the'rbd. Rub a rubber rod with a piece
of cat's fur and again the friction produces a
static charge on the rod. Arbitrarily, we call the

charge on the glass positive and that on the rub-
ber negative.

13-68. Conduction. Another method is through
conduction. If you should touch a positively
charged rod to ,an uncharged metal bar, it will
attract electrons.in the bar to the point of con-
tact. Some of these electrons will leave the bar
and enter the rod, which causes the bar to be-
come positively charged and decreases the posi-
tive charge of the rod. See figure 54 on foldout
2. The transfer of static charge through actual
contact is known as conduction.

13-69. Induction. Suppose that instead of
touching the bar with the rod, you only bring the
positively charged rod near to the bar. In this
case, electrons in the bar are attracted to the
point nearest the rod, which causes a negative
charge at that point and a positive charge at the
other end. See figure 55 on foldout 2.

13-70. By allowing electrons from an outside
source (your finger, for instance) to enter the
positive end of the bar, you can give the bar a
negative charge. The bar has become charged
even though the rod did not touch it. This is
known as the induction method of charging a
substance. See figure 55 on foldout 2.

13-71. This discussion covered the normal
conditions of an electric charge at rest. What
happens when the charge is put in motion is (Air
next subject.

13-72. Electrodynamics. In a previous discus-
sion a conductor was defined in terms of its
atomic structure. It was stated that a good con-
ductor is a material with many free electrons.
An interesting point was made about electron
characteristics. The electric field around an
electron causes it to repel other electrons withoui
actually touching the other electrons. Now, let's
take a good conductor and pay particular, atten-
tion to the free electrons in it. For an example,
let's use an automobile battery as our souice of
electrons, see figure 56 on foldout 2. Chemical
action inside the battery has caused eleCtrons to
pile up on the negative terminal. A conductor is
connected to thfs tetminal.

13-73. Current flow. When the landom move-
ment of free electrons in a conductor is controlled
so that the electrons.move generally in the same
direction, an electron flow restilts; this electron
flow is called an electric current. Obviously, our
battery in figure 56, foldout 2, has caused a cur-
rent flow through the conductors. The electrons
have moved from the negdtive terminal through
the conductors, and back to the battery through
the positive terminal. Actually, this movement of
electrons occurs simultaneously throughout the
conductor.
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13-74. Try not to think of the current flow as
Aown in figure 56 ori foldout 2 in terms of an
individual electron leaving the negative terminal,
movin§ around the conductor and back into the
positive terminal, but rather as a chain reaction
which takes place throughout the entire conduc-
tor. At the time that one electron was leaving the
negative terminal, a free electron was pulled off
the conductor by the positive terminal. The net
effect is felt instaneously between the 'terminals
and throughout the cc:Inductor.

13-75. This is the basis of the electron theory.
Electrons always move from, pokitive to negative
inside a battery and from ,negatiJe to positive in
the external circuit. Since there is a difference in
the quantity of electrons betweeethe two battery
terminals, we can say a potential dijference
exists. If a conductor is connected bttween the
terminals, the excess electrons on the negative
post flows toward the positive post, where *there
is a shortage of electrons. In order to have elec-
tron flow, there must be a potential difference.
Electron. flow is a .quantity of electrons moving
through a conductor and is measured in coulombs.

13-76. Amperage. There are 6.28 X loll
electrons ili one coulomb. By counting the cou-
lombs which pass in a given length of time, the
current flow is measured. The unit of current
flow is the ampere. One ampere of current is
flowing when one coulomb of electrons passes
through the material in 1 second; two amperes
when two coulombs Om per second, etc.

13-77. Since amperes, mean coulombs per sec-
ond, the ampere is. the rate at which electrons
are mbving through a material. The coulomb,
which represents the number of electrons jo a
charge, is a measure of quantity. The symbol for
current is "I."

13-78. Voltage.- As has already been dis-
cussed, the modern concept of electricity regards
current as a flow of electric charges. Free elec-
trons move about the inteiior of the substance,
continually having their direction changed bytcol-
lisions with other electrons and atOMS. Each eleci
tron produces an electrical and magnetic .field
when it moves, but the fields groduced by the
random electron motions "cancel one another;
thus no ditected electrical current flows under
these circumstances. You will remember that a
negative charge is attracted to a positive charge,
and vice- versa. If one end of a conductor is
made to become positively charged and the other
end ,to become negatively charged', an electrical
force will exist between the two ends of the
conductive medium. Electrons will then' be driven
through the conductor from the negative end to
the positive end as long as the force is applied.
There is such a force available; it is called by a
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variety of names, such as difference in-potintial,
potential difference, electromotive force, voltage,
and voltage drop. .,

13-'19. The difference of potential or voltage
can be obtained from a chemical reaction, as in a
battery cell, or in many types of electrical de-
vices. If a wire is cOnneCted across a battery,
electrons in the wire will be repelleAfrom the
negative battery terminal and attracted- to the
positive battery terminal. As i rekult, a move-
ment or flow of electrons through die wire circuit
will take place; the motion of each electron is the
resultant pf its random motion and the motion
produced by the applied voltage. In practice, it
is customary to use the words potential and volt-
age interchangeably.

13-80. The negative.sign ( -.= ) used iii a bat-
.

tery diagram does not mean that the negative
plate fs actually at a negative poiential, but
merely' that with respect to any reference point in
that circuit, it is at a lower potential than the
plate marked with the plus ( + ) sign.

13,-81. One thing yoU'intist remember is tint
when a voltage exists only between two given or
selected ifints, it is the elecgons that ri ove orl
flow 'from point to point 'in a cimductive m dium.
In more advanced elearoaic circuits whe e the
electrical currents ire continually varyiii in
strength with time, you will be required to mathe-
matically plot the wave shape of this changing
amplitude. Similarly, you will also be-required to
plot the strength of a voltage wave that con-
tinually varies in,amplitude Avith time. The two
daphs may or may not exactlSf coincide, but the
graphs are strikingly similar. You can fall into
the error of considering a voltage as somethin
that flows simply by comparisbn of the two types
of graphs: ,

13-82. Whenever two points of unequal charge
are 4,nnected, a current flows from the more
nega ve to the more positive charge. The greater
the EMF or voltage between the charges, the
greater the amount of current flow... Electrical
equipment is designed to operate with a 4rtain
amount of current flow, and when this amount is
exceeded' the equipnient may be damaged. Four
comnion sources of EMF are mechanical (gen-
erator), chemical (battefy), photoelectric (light),
and thermal (heat). -0

13-83. You will usuaVy use only mechanical
and chemical action, with mechanical being the
most common. All-ot the electric power used,

'except for emergency and portable equipment,
originally comes from a generatdr in a power
plant. The neit discussion will cover iagnetism
and generation. ,

4
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14. Macilultism and Ganaration
14-1. An understanding of ihe nature and

principles of magnetism' is extremely helpful in
understanding -electrical circuit operation. Elec-
tricity and magnetism work hand in hand when-
ever an electrical circuit is 'used to perform a use-
ful task. Although motors, geilerators, and
transformers are usually thought of as electrical
devices, magnetism plays a vital part in 'their op-
eration. Since magnetism has a pradical applica-
tion in many different kinds of elettrital devices,
we will'begin with a brief review of the basic laws
of magnetism.

14-2. Basic Laws of Magnetism. Whenever a
bar magnet is dipped into iron filings, a large
number of Dings cling to the magnet near its
ends, but a few attach themselves to the magnet

I near its center. This action indicates that the
,i -Nlitagnetism is concentrated at the endi of the

hiagnet, These ends are called the poles of the
filapet, and the magnetic strength of each of the
two poles of a magnet is always equal.

14-3. A magnet that is free to rotate always
turns lo a north-south direction, aligning, itself
with the 'earth's magnetic field. The north-seek-

ing end of the magnet is called the north pole,
and the sOuth-seeking end of the magnet is -ailed
the south pole. If you bring the south pole of
one magnet near tie -nOrth pole of another mag-
net there is an attraction 'between the tvio poles.
If you bring two north poles or tyo south.poles
together, there is. a force of iepulsion between
the two poles. This action may be summed up
by these two basic laws of inAgnetisme (1) Un-
like poles attract each other, and (2) like poles
repel each other.

14-4. The force of reaction (either attr
or sepulsion) between the poles of two m ets
varies directly as the product of tht strength of
the poles and inversely, as the-. square . of the dis--

$ ..
cro9 each other and that Him exist in complete,
unbroken piths. ----

14-7. This concludes our review of the basic
Jaws of magnetism. Now let us turn our atten--
tion to electromagnetic fields.

14-8. Electromagnetic Fields. Many years ago
it was discovered that a current-carrying conduc-
tor was surroundui by a magnetic field and that
lines of force fornrd around the conductor. This
was before it was realized that moving electrons
with their associated magnetic fields, make up an- ,

electric current. The direction of this magnetic
field is tangent to a circle about the conductor,
and the strength of the field decrease,s as the
distance from the conductor increases. /

14-9. There is a direction asstciated with mag-
netic fields, both natural -and e1ect1omagnetic.
The direction is the direction towar4 which the
north pole of a test magnetic need! points when
it is placed in the fiel . The direction depends
on the direction of electron flow ii the conductor.
In part A of figure 58, foldout , the electrons
are moving into the page arid the direction of the
field around the conductor is, coanterclockwise.
In part B of figure 58, fold* 2, the electrons
are moving out of the page and the direction
of the field around the conductor is clockwise.

14-10. The direction of the magnetic field
around a conductor mai be determined by using
the left-hand rule. If you grasp a conductor With
your left hand so that your thumb points in the
direction of electron flow in the conductor, yor
fingers will indicate the direction of the magnetic.
field. .

14-11. Magnetic field about a loop. If a
strilight conductor is bent into a single-turn loop,

e lines of force concentrate within the loop.
s concentration Nears because all the lines of

force enter the loop from one side and leave at
the other side of the loop. This picture is similar
to the magnetic field around a bar magnet, and
like a bar magnet, the loop has magnetic poles.

14-12. Magnetic field in a solenoid. If several
turns of wire are wound closely together into the
form of a coil, the magnetic fields around each
turn will have the same direction. .When current
flows through the coil, the coil is surrounded by .2.
magnetic field. One end of the coil becomes a
norih pole and the other end becomes a south
pole. To determine the polarity of a coil, use
the left-hand nile. GrasP the coil with the left
hand so that the fingers point in the direction of
electron flow. Your thumb will point in the di-
rection of the north pole.

14-13. What happens if a soft-iron core is in-
serted into the coil? This action concentrates the
magnetic field. The increase in the field is not
caused by an increase in intensity, but by the

tance between them.
14-5. The region around a magnet in which its

effect can be detected is known as its magnetic
field. The most common method used to show a
magnetic field is,to place a piefe of paper over a
bar magnet and sprinkle iron filings over the
paper. Whenever the paper is tipped lightly, the
filings arrange themselves in a definite patterq,
which outlines the magnetic field. The magnetic
field is spoken of as being composed of lines of
force, or flux lines.

14-6. Figure 57, ioldout 2, shows magnetic
lines of force around a bar magnet. The flux
lines (the field) extend about the magnet from
the north pole to the south pole externally and
from the south pole to the north/pole internally.
You should also note that the lines of force never
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magnetization of the iron core. The field intensity
can be chinged only by varying the number of
turns in the coil or by varying the current flow

-through-the coil.
14-14. So far in this chapter we have dis-

cussed electron physics and magnetism. Earlier
in the chapter we used the. term "electromotive
force." Now, let's combinei what we have
learned and discuss the mechanical generation of
an elearomotive force.

, 14-15. Producing an EMF. If you'think back
to the tirrie when you were attending electrical
school, .you will probably remember the most

, common methods of producing an EMF were
heat, pressure, photoelectric effect, chemical, and
magnetic}or mechanical).. The most ;common
methods, of course,- are chemical and mechani-
cal. As an aircraft electrician, these are the most
important to you. For the time being, let us con-
centrate on the mechanifal method of producing
an EMF.

14-16. 'In the section on mapedsin, you
learned that whenever an electric current 'moves
through a conductor, a magnetic field is set up
around the concinctor. If a conductor is moved
within the magnetic -field, around a magnet, an
electric current is produced within the conductor
as it cuts the ikagnetic likes of force. This Process
is known as ina'wtion, afid'it is the key to under-
standing how anYEMF.is mechanically generated.
Now, let's *turn our attention to the interaction
between Magnetic fields and conductors placed
within thesemagnetic fields.

s 14-17. Fare of magnetic fields on conductors.
If you place a cures:It:carrying' conductor in a
uniffrm, msagnetic field (one that possesses the
same strength everywhere in the vicinity of the
conductor); 'the conductor will move. The direc-
tion of mdYerrient is at right angles to the mag-
nett field. 'The moVement is caused by _the inter-
action 'of' the:. field . about the cqnductor (due

. to sh.e electr6n flow through the conductor) and
.the magnetic field in which the conductor is

paced.. Figure 59, foldout 2, _shows a current-
. carrying conductor' placed within a uniform mag-

netic' fiela. The electron flow in the conduotor is
into the page, as shown by the symbol 4. at the
'center of the conductor. The direction of the
magnetic lines of fame around the conductor,
therefore, is counterclockkvise.

14-18T: Below the conductor in figure 59, fold-.
out 2, the lines of force produced by the conduc-
tor are in the same direction as /hose produced
by the north and south poles of the magnet and
tend to reinforce them. Above the conductor,
the lines of fOrce of the two fields are in opposite
directions and tend to.counteract each other. The
resultant' field below -the conductor is strong,

a

0?

whereas the resultant field above the conductor _ 7
is wea. The repelling action between the lines .

of force causes the conductor to move up toward
.

the weaker field, as shown by the arrow in fig- 1
ure 59, foldout 2.

14719. The force .exirted on she conductor is
prOportional to the flux density, the athount of
current flow in the conductor, and the length:of
the Conductor perpendicular to the magnetic held.

14-20. Whenever two current-carrying Con-
ductors, are placed near each other, the magnetic
fields around the . conduetors produce a force
which reacts on eath conductor. Part A of fig-
ure 60, foldout 2, shows the fields around two
conductors carrYing current flow in the same di-
reition (out of the page). The magnetic lines
of force around each conductor are in a clockwise
direction. Between the two conductors, the lines-
of force are in opposite direcsjons and tend to
counteract each other. This weakens the field
between the conductors, and ,shey move toward
each other. Part B of figure 60, foldout 2, shows
two ...conductors carrying current in opposite di-
rections. The magnetic lines of force around the
left-hand conductor are clockwise, while those
around the right-hand conductor are counter-
clockwise. The resultant field between the con-
ductors is strengthened, since the lines of force
are in the same direction and the two conductors
are forced apart.
- 14-21. The process of induction has been
talked 'about in the section of electrostatics, and

- the process was very simiiar to a magnetic field
passing through a conductor. Energy causing the
magnetic field to move is transferred to the free
electrons in the conductor. Then electrons
gather at one end of the conductor, which causes
a difference-in-potential with respect to the op-.
5posite end of the conductor. Results! INDUCED
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EMF.
14-22. Now that we have an induced EMF,

two factors affecting the 'quantity of EMF are
needed if we want to -build a generator. The
two factors are the strength of the magnetic field
end the relative speed between the conductor
and the field.

14-23.. The stre-ngth o7 the field. The stronger
the field, the more lines of force are concentrated
between the two, poles. Remember, a line of
force must cut a conductor to induce an EMF;
therefore, if the lines of force are wore numer-
ous, the induced EMF will be stronger'.

14-24. Time. As the relatiye speed between
the conductors and the magnetic field increases,
the greater the, magnitude of the inqced EMF.
Conteol of these two factors means control of the
induced EMF.

8 3
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14-25. Another interesting effect of an in-
duced EMF is to Oppose the force causing the
induction. This effect is known as Lenz's law.

14-26. Lenz's law. .The direction of the con-
ductor movement, the direction of magnetic lines
of force,- and the direction that a current, caused
by an induced EMF will flow are all factors of
henz's law. The law stAtes, in all cases, the

ducal current is in such a direction as to oppose
e Motion which generates it." (Refet to fig.
, foldout 2.)
14727. Applications of the law sli be consid-

ered in detail within the discussion vering gen-
erators, motors, and motor generato . At this
point, we are primarily interested in dermining
the polarity of an induced EAIF when the direc-
jion of movement by the magnet and the direc-
tion IA lines of force are known. to

14-28. To show that the induced voltage is al-
w,ays opposite to the force that produced it, let
us examine figure 61, foldout 2. -As shown in
the figure; a,...wire coil wound in the form of a
solenoid is placed, so that its turns are in a hori-
zontal plane. A galvanometer (G) is connected
across the coil to complete the circuit and allow
current flow when a voltage is 'induced. When
the north pole of a, magnet is thrust into the
center of the coil, a voltage is induced. The

jurrent which results fiom this voltage flows in
the direction indicatea by the arrow labeled "i.'"
So far as the external circuit is concerned, the
polarity of the induced voltage Is as shown; the
top lead being positive and the bottoin lead be-
ing negallve. This causes the uip end of the coil
to appear as a north pole, which opposes the
downward direction of the magnet.

14-29. The induced polarity of the coil must
be the same. as thc of the approaching magnetic
pole. Otherwise, it would be necessary only to
start a magnetic pole into the coil, and when' the
magnetic field induced an opposite pole in the
coil, the magnet Would be drawn in, inducing
additional EMF without. work. This would pro-
vide att unlimited source of energy without doing
any Work, a condition that is contrary to the
law of the conservation of energy.

14-30. The importance.of Lenz's law will be-
come obvious when applied to the. AC genera-
tors discussed in the next section. -

14-31. Simple AC Generator. Figure 62, fold-
out 3, shows a simple AC generator. As shown
in tir illustration, the conductor, also called- the
armature, has been bent into the form of a coil
and mounted so that it can be rotated in the
magnetic field produced by the pole pieces. The
voltage induced in the ormuterris shown graphi-
cally in the lower part of figure 62, foldout 3.

14-33t When the loop is passing through posi-

tion 1 (fig. 62, foldout 3), no voltage is induced
in the loop because at this instant the conductor
is moving parallel to the lines of flux and no
lines of flux are being linked with the conductor.
As the conductor is rotated toward position 2,
side A is moving down through the magnetic
field' and sid B is moving up through the sanie
magnetic A voltage is induced .in each
side of th loop but, in opposite directions. This

cl.

corresponds to the graph in figure 62, foldout 3,
in which maximum current flows when the con-
ductor rotates 90°. As the conductor continues
to rotate toward position 3, you can see that the .
current drops off to zero *hen the conductor has
rotated 180°. At position 4 (270°), the current

' has againreached maximum but in ttie oppo'site
,direction from pbsition 2. You can verify this by
the left-hand rule. IR

14-33. In order to make use of the EMF in- . -
duced in the rotating conductor, the two ends of

- the loop are connected to two sliprings, as shown
'in , figure 62. Each ring is continua's. and is
ipsulated from the shaft and from the other slip-
ring. The brushes are connected to . the load

land rest against the sliprings. Ai the coil rotates,
the brushes make sliding contaet with the slip-
rings, completing the circuit at all times.

14-34. The amplitude of the induced voltage
depends upon the strength of the magnetic field
and the speed at which the coil rotates. In figure
62 if the strength of the magnetic field is in,
creased and the _speed' of rotation is unchanged,
the amount of induced EMF increases. Similarly,
if the field strength is unchanged but the coil is
rotated at a higher speed, more lines are cut per
unit time and a greater voltage is induced. An-
other 'way of increasing the number of lines cut
is to increase the number of conductors.

14-35. This has been a brief review of the
principles of operation of an AC generator. Later
in this course we will discuss AC generators in
great deta' Now let us discuss vcles and fre-
quency.
-14-36. Cycles and Frequency. In the previous-

discussion of a sinliple AC generator, you learned
that each time the conduct& passed both a north
and south pole it traveled 360, elecrn l degrees
(360E°). Thus, during one complet revolution
of a two-pole AC generator,,the cond ctor travels
360E°, as well as 360 mectiani al degrees
(360M°) (gig. 62, fdidont 3). Suppo e we add
an allditional pair of poles. In an AC 'generator
containing four magnetic poles, the conductor
travels 360M° and 720E° in one complete romo-
lution. -

,

14-37. Each time that the voltage goes through
360E° it is a cycle. When the voltage completes
a half-Cycle or 1'80E°, it has gone through one
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alternation. The voltage goes through an alterna-
tion when the coil passes one magnetic pole.
Renee, the number of alternations is always
twice the number of cycles.

14-38. The number of complete cycles occur-
ring in ,1 second is' known as the frequency .of
the voltage. Frequency is expressed in terms of
cycles; Specifically, ,it refers to the number of
complete cycles that occur per second. At thii
time; you may wonder what determines the fre-
quency of a voltage.

14-39. Every time a coil makes a complete
reVolution in a four-pole generator it passes two
pairs of poles and goes through 720E°. Thus,
the number of cicles per revolution is equal to
the total number of poles divided by 2.

. Cycles per rotation number of poles
' 2

14-40. The frequency (cycles per second)
equals the number ,i3f cicles per revolution multi-
plied by the number of revolutions per 'second.
If the coil in a four-pole AC generator turns at
60 rps (revolutions per Second), the frequency
is determined in the following manner.

4 X 60 = 120 cycles per second
2

Speed is usually expressed in tevolutions per
,minute (rpm); therefbre, it is necessary to divide
rpm by 0 to get rps...Then, for 'an AC generator
with P poles and S Speed in tpin, the formula
for determining frequency is given

f P X
2 60

Or

PSf =

where

120

f Jrequency
P = number of poles
S :2.- speed in rpm

14-41..Given.any two factors, the third factor
may .be determined by using th same basic
formula in another form such af given below.

N./ p 120f

120fS =

14-42. In our everyday life the electrical
power output is standardized at 60 Hz. For air-
craft AC power installations, a frequency of 400
Hz has been adopted. We will explain the reason
for later in this course. Next, we need to
di,pt1s the values at different points.

414-43. Values of AC. Ajt this point, yeu no
doubt realize that the vertical distance of any
',Gifu from the horizontal axis of the sine wive
is the instantaneous voltage. Further, the top of
the sine wave is the maximum positive value
and the bottom of the sine wave curve is the
maximum negative value. Maximum value can
also be called the peak value. Twice the psak
value, or the difference between maximum Psi-
tive value and the maximum negative value, is
called the peak-to-peak value.

14-44. Effective. The effective value of an
ilternating current or voltage may be explained
best by observing the heating effect of current
,flow. For practical reasons, it is desirable that
1 ampere of alternating current produce the same
heating effect as, 1 ampere of direct curfent. Be-
cause alternating current does not maintain a
contain value, it is obvious that an alternating
currentt having a peak value of 1 ampere will
not produce the same continuous heating effect As
1 ampere of direct current. The continuous ef-
fective value of the alternating current lies some-
what between zero and the peak value and is
always less than the peak value. At first thought,
it might seein that the effective value of AC,
expressed. in amperes, is the average of the in-
stantaneous values of one alternation, but this is
not the case. Let's see why it is not.

14-45. The heating effect of a current varies
as the square of the current; that is, it is equal
to PR. The heating effect of AC, therefore,
varies as the average of the squares of the in-
stantaneous valufs of current during oue alter-
nation. The heating effect is positive regardless

of the direction of current and will be the same
for both the positive and negative halves of the
cycle.

14-46. To find tbe effective value of an alter-
nating current, you must find the square root of

:the average of all the squares of 'all instantaneous
vilues of current. In other words, you square
a cumber of equally spaced instantaneous yalues
throughout the alternation, add the squares,

_divide by the number of instantaneous valiies
you Used, and then extract the: square root of the
quotient. This vkrks out to.be 0.707. The re-
sultant is known as the root-mean-square (fps)
and is mathematically shown. as follows:
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tins =,0.707 x peak value
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14-47. Witi a peak value of 150 volts, for
example, the dfective value is 0.707 X 150 or

, approximately 106 volts.
14-48. To convert from rms to peak value,

this formula can be transposed as follows:

1Peak value = ,
.-67-107.

tMS = 1.414 X rms

14-49. For example, commercial AC at 115
volts hai a peak value of 1.414 x 115 or ap-
proximately 163 volts. The peak-to-peak value
is 2 X 163 or 3.26 volts, which is double the
peak yalue. ,It may- be expressed as indicated
below. -

.-

Peak-to-peak value = 2.828 x rms value

14-50. Average. Another value of AC that
you may ericounter is the average value. As its
name implies, the average value is an arithmetical
average of all the instantaneous values in a sine

wave for one alternation. If the instantaneous
values up to 1800 are added and then divided
by the number of values added, the average
value equals 11037. Since the peak value of the
sine curve is 11 and the average value is 0.637,
it can be expressed as follows:

.0
Average value = 0.637 X peak value

N

14-51. A peak value of 163 volts, for exam-
ple, has an average value of 163 X 0.437 or
approximItely 104 volts. .

14-52. Phase. In AC circuits, the term
"phise" is used quite often to denote a time dif-
ference between two quantities alternating at the
same frequency. This time difference is generally
expressed in terms of electrical degrees. A phase
relationship may exist between any two different
currents or between the voltage and current in
the same circuit.

14-53. Earlier in this chapter, we pointed out
that when generating an alternating zurrent, a
positive voltage peak is reached at 90E°. If, at
the same instant of time, another voltage source
is producing thq same peak voltage in the oppo7_
site direction,. Vie have the condition shown, in
parts A and B of figure 63, foldout 3. From
this figure it should be apparent that the voltage
curve in part B has reached the 180° position

-of its cycle at the, same instant that the voltage
in curve A is at its 00 position. Thus, the two
voltages are oUt of phase by 180°. We caq say,
then, that "phase" is the number of E° beNveen
like peaks of tWo different sine waves at the
same instant of time. If like peaks occur at the
same time, even though one has a greater mag-
nitude than the other, .they are, in phase. A
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voltage or current leads another voltage or cur-
rent if its peak occurs a few degrees before the
similar peak of the other. The second voltage
or current lags because its voltage or current

. peak occurs a few degrees after the other.
14-54. At this point, it should be noted that

no voltage or current can be exactly 180° or
more out of phase with the voltage or current
of another circuit.,eWhen one voltage is 180° out
of phase with another, it must reach its positive'
peak at the same instant that the other voltage
reaches its negative peak. Under these condi-
tions, if voltages of equal value are connected to
a common circuit they cancel each other out, and
the net result is zero. Later in this course, we
will go deeper into phase relationships. Our next
section. will be an introduction to mathematics.

15. Puniiamentals of Mathematics ,

15-1. Do troubleshooting electricians need a
mathematical background to understand the anal-
ysis and operation of electrical circuits? Yes!

15-2. Why mathematical relationships? Three
functions of mathematics are listed below.

Mathematics is the language that people .
use to explain phenomenon occurrences.
Mathematical analyzation develops logical
thinking pr .

Mathematic71.%selsationships aid the eiperi-
"inenter in determining predictable results.

15-3. M an electrician, you practice each of
the above functions conscioufly or unconsciously.
Stop for a moment; thirik back to your last
youbleshooting problem.

- 15-4. The first question you probably asked
yourself was, "Is the system receiying power?"
The word "power" connotates a mathematical
'expression concerning voltage and current; there-
fore, you are explaining A. physical phenomenon
occurrence. °After you checked for power, you
broke the system into parts and started to analyze
the circuit through logical thinking processes.
Each time you made a decision, you narrowed
the location of trouble to a smaller section of the
system. You were predicting -that you - would
findtothe trouble in that section in relation to
voltage, current, and opposition. So, it is very
difficult for an electrician to deo his job without
a mathematical background.

15-5. This section covers a few areas of math-
ematical relationships as, they are applied to cir-
cuit analysis. These areas are Pythagorean
theorem, trigonometry, and vector analysis.

15-6. Pythagorean Theorem. This theorem is
a foundation for hfrther study in vector analysis
and trigonometry, so it stands to reason that this
is the place to start. Pythagorean's theorem was
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the fiest tool used to solve unknown sides of a
triangle. Why triangles?'

15-7. Triangles are tools used by electricians
to explain voltage, current, opposition, and power
in an AC circuit. First, we'll review the solving
of triangle problems using Pythagorean theorem
befOre applying the triangles to AC circuit
analysis.

15-8. The theorem is stated as follows: The
square root of the sum of the squares of the legs
(sides) of a right triangle equals the hypotenuse.
Thus, from the right triangle illustrated in figure
64, foldout 3,c (the hypotenuse) is found by the
equation given below.

pc = b'

For example, if you are given a problem of a
right triangle where a = 4 and b = 3, and you
want to know the length of the hypotenuse, c,
you would solve the problem by substituting in
the equation.

c = b'
= VF:r.17
= v16 + 9
= )53-
= 5

15-9. Use the above method to solve for c
when a = 7.071 and b = 7.071. In order that
yOu use minimum time in solving the problem
a table of square roots i 1 ated at the rear of
tile volume. The correct n er to the problem
is 10.

15-10. If you had trouble With the above prob-
lem, then try this one before going on. What is
c equal to if a = 6 and b = 8? The correct
answer is again 10.

15-11. You should now have some idea of the
mathematical relationship between the sides of a
right triangle. This relationship will be exploited
more fully ia the next section.

15-12. Trigonometry. If changes in either a or
`b side of the triangle cause a change in c, then
a corresponding ratio exists between all three
sides. ,Therefore, the purpose of trigonometry is
to solve triangle problems without extracting a
square root.

15-13. Trigonometric functions are .espedially
- important for electrical calculations involving

alternating current (AC). A large percentage
of the problems relating to the analysis of A_C
circuits involves the solution of the right triangle.
These electrical problems when reduced to a right
triahgle can be easily and quickly solved by
trigonometric functions. We shall briefly discpss
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the trigonometric' functions of the side, cosine,
and tangent. Let us begin by drawing a radius
to point P on the circipference of a circle, as

illustrated in figure 65, foldout 3.. From point
P, you drop a perpendicular to the horizontal
axis thereby forming a right triangle. Let Z rep-
resent the radius or the hypotenuse. The letter
X represents the vertical side, and the letter R
represents the horizontal side. The angle be-
tween the hypotenuse (radius) and the hori-
zontal side is known as 0 (Greek letter Aheta).
It is customary to designate this angle by the
Greek letter O.

15-14. The trigonometric function of the sine,
cosine, and tangent of 0 in a right triangle can
be found by the following rules. The sine of an
angle 0 in a right triangle is defined as the ratio
of the length of the side opposite that angle
divided by the length of the hypotenuse. For
example, in figure 65, foldout 3, the sine of the
angle 0 is

sine 0 = X

The cosine of an angle 0 is defined as the ratio
of the length of the side adjacent to that 'angle
divided by the length of the hypotenuse. For
example, in figure 65, foldout 3, the cosine of
the angle 0 is

cos S =
Z

The tangent of an angle 0 is defined as the ratio
of thelength of the side opposite that angle di-
vided by the length of the side adjacent to that
angle. For example, in figure 65, foldout 3---the
tangent of the angle 0 is

Xtan =

15-15. In part A of figure 66, foldout 3, 'the
angle 0 is...small, and the vertical component X ".
is also srhall. In part B, the angle and the verti-
cal component X have increased. In part C,
when the angle 0 is 90°, the vertical component
touches the circumference at point P. Notice
that this perpendicular to the horizontal axis
yields a vertical component equal in length to
the radius. Such is the case when the sine of
0 is 90°.

On 90' = X = 1

This means at 96°, you get the maximum value
of the sine of an angle 0, and it will never be

8 7
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greater than 1. Wh-y? Because the vertical com-
ponent can never be greater than the radius.

15-16. As the..angle 0,increases from 900 to
180°, the vertical'. component decreases from Z
to 0 again.- (See fig. 66; foldout 3.)' At 180°,
'the radius is lying upon the horizontal axis and
there is no vettical component; thus, the sine
of 180° is .

sin 480 =- X = 0
Z

15-17. As the angle 8 increases from'180°,
the radius is drawn from the horizontal axis:
down to a point on the circumference. When
the vertical component lies below'the horizontal
axis, the sine of an angle is negative. This is
true because frodi 180° the value of, sine 8 de-
creases until the sine reaches a maximum nega-
tive value of 1 at 270°, and then the sine
begins to increase until it finally reiches 0 again
at 360°.

15-18. It is usual for the radius that generates
the angle, by rotating around the center of the
circle, to atart from the horizontal axis pointing
to the right and rotate in a counterclockwise di-
rection. This counterclockwise ,direction of rota-
tion is considered positive in both mathematics
a:0 electricity, and angles measured from the
horizontal axis with positive rotation are consid-
ered positive angles. Clockwise rotation of the
generating radius is considered- negative rotation,
and the angles generated are considered negative
angles. The generating radius at the end. of a
positive angle is considered to be ahead of the
horizontal axis, and the angle is spoken of as a
leading angle. Thus, in a 90° angle, where the
generating radius points up, it leads the hori-
zontal axis by 90°. If the generating radius
nioves to the spot labeled 45°, it has generated
a lagging angle ,of 45°, and if it moves to the
position labeled 135°, it has generated a lag-
ging angle of 135°. It is usual-tor angles, both
leading and laggifig, to be 180° or less. Suppose
you have the sine of an angle 8 representing
45°. Where would this be on the circle? The
negative angle begins at 360° and is measured
back to 180°: .-That means a 45° will repre-
sent thehalfway point between 360° and 270°,
which is 315*; a 90° will represent the 270°
position; and a 135° will represent the 225°
position ''o'h the circle. Just remember, the nega-
tive angle begins at the 360° position and in-
creases clockwise toward the 180°, and 360°
can be referred to as a negative angle. In fact,
this is done quite frequently, when plotting angles
8 in AC circuits. It is more ^convenient to refet

to 8 as 45° instead of 315° or as 90°
instead of 270°.

15-19. Plotting the sine of an angle 8 is illus-
trated' in figure .67,.foldout 3. Htre you have a
circle that is divided into 12 equal parts, there-

360fore, each part represents or 30°; it ,could
12

be divided into any other number of parts. The
'360° circle is divided into 30° divisions on a
straight, horizontal line; it also passes through the
center of the circle. The distance covered by
the 360° on the straight line is usually the same
as the distance around the circle. However, it is
perfectly correct to make it larger or smaller, if
desired. Thee relation between horizontal and
veriical scales is -immaterial. A wave is then
drawn as in figure 67, foldout 3. Eve* point has
the same height above or below the horizontal
line as the corresponding point on the circle.
Thus, at 0°, the point pn the circle hay) height
above the horizontal axis; at 30°, it has 'a height
exactly 0.5 of the maximum height. At 60°, its
height above the horizontal line is 0.866 of the
maximum height. At 90°,. it ha.r attained its
maximum valtie. 'At 120°, the ratio of its height
to the maximum height is again 0.866; at 150°,
it is 0.5; and at 180°, it is again zero. At 210°,
it is 0.5; at 240°, it is 0.866; at 270°, it is
1.0; at 300°, it is 0.866; at 330°, it is

0.5; and at 340°, it is again zero.
15-20. As previously mentioned, the ratio of

the height of the point on the circ "(the vertical
side of a right triangle) at any ftle to its Maxi-
mum height (the radius or hypotenuse) is known
as the sine of an angle O.

15-21. The curve showing these* variations of
the circle height as a function of an angle is

called a sine wave curve. In all phases of fher-
AC electrical circuits the sine wave curve is
important, because the currents and voltages usu-
ally irary as sine waves.

15-22. Another curve that may 'occur under
certain conditions in the AC electrical circuits is
called the cosine curve. In figure 67, foldout 3,
you have plotted the sin 9 for every 30°, but
suppose you have an AC circuit that produces '
a cosine curve. Figure 68, foldout 3, illustrates
a cosine curve. The. yalues for cos 8 (cosine
theta) are shown for'every 30°. These values ,
are plotted in the same manner as were .the
values for sin 8 Notice that the cosine curve is
the same as the sine curve except that it is dis-
placed by 90°.

15-23. Appendix B gives you the value of the
sine, the cosine, and the tangent, of angles
ranging from 0° to 909. TO,. find the- value of
sin 5°, you would look under the Angles column
and locate 5° 00' (00' represents the number
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of minutes, and there are 60 minutes in each
degree). Across from 50, under the Sines column
beneath Nat (natural), is 0.0872. Thus, the
sine 5° = 0.0872. The value for sine 80 is
0.1392. The value for cos 8° is 0.9903. The
value for sine 60° is 0.866Ct. This derived by
locating 60° under the Angles column at the
extreme right of the table and then looking at
the bottom of the table and finding the Sines
column. By going up the Sines cojumn .on the
Nat (natural) side until you reach the number
straight across from 60°, you will find,the nn-
swer 0.8660.

15-24. So far, we have discussed the right
triangle trigonometric finctions.and right' triangle,
Pythagorean theorem sOlutions. At this point, it
should be safe to assume you can solve right
triangle problems. Do you recall the first reason
for studying mathematical relationships? That,
reason is the bash for studying the next area,

.veoter analysis.
15-25. Vector Analysis. Let us now turn Our

attention to.the solution of aoproblem by vectors.
Since you were able to completely solve the
problem of a right triangle, finding its six parts,
by the Pythagorean theorem and the trigonomet-
ric functions, you may wonder why bother intro-
ducing vectors. Nevertheless, you are going to
solve some electrical problems that are easier
solved through the use of vectors. You will work
out the solution of circuits that would be almost

ImposSible without using vector quantities. To
prepare you for these more complex cireuits, let
us introduce fundamental facts that apply to
vector quantities.

All angles are measured from the horizontal
axis which lies to the right of the vertical
axis.

.All angles are considered positive if they
are _measured in a counterclockwise direc-

. tion from the horizontal axis.
All angles are considered negative if they
are measured in a clockwise direction, from
the horiziptal axis.

.

15-26. Figure 69, foldout 3, illustrates these
important facts. The angle 9 is positive in part
A and negative in part B. Each vector quantity
is,represented by a directed line. The length of
the line is scaled so that its Jength corresponds
to the magnitude of_ the vector quantity. In part
A, vector R = 10 atid1,ector L = 10. Whai
is the length (magnitude) of the resultant vector?
If you draw a line parallel to vector L as shown
in part A, you have a rectangle. By drawing
the resultant vecfor (the dashed diagonal), as
shown in part A, you have formed a right tri-

angle. How do you solve a problem involving a
right triangle? That's correct, you would use trig-
onometry. Thus, the magnitude of the resultant
vector is, 14. i 4.

15-27. Explanation. Since 1....toth legs of the
right triangle are equal to 101, the tangent of the
angle the resultant vector mal5es with the, hori-
zontaf axis is

Now look at Appendix B. You will find that the
angle the tangent of whith is 1 is 45°. Since
L is ahead of R, the angle is a leading angle of
45°, and using sine or eSsine functions, the length
of the resultant vector is

10

.7071
= 14.14

Thus, we have completely described the vector,
giving its magnitude and direction.

15;2.8. In figure 69,B,.foldout 3, vector R =
10 and vettoy C = 10. By forming a right
triangle and using trigonometry, the magnitude
of the resultant vector is 14.14. This is the same
as for the previous example, but vector C is in a
different position than was vector L in the previ-
ous example. Because the angle 9 in figure B
represents a clockwise rotation, the angle the
vector makts with the horizontal axis is a lagging
angle or a negative angle. The angle 9 is now
4$°. Here again, we have completely de-
scribed the resultant vector by its mapitude and
direction. It is important to note tihat"the magni-

,tude is always positive. It is the angle between
the-positive horizontal axis and the reSultant vet:
tor that can be positive or negative. Remember
that the angle is always measured from the right-
hand (positive) horizontal axis.

15-29. Three vectors: So far we have Men-
tioned only tvlo vectors representing quantities.
Let's go one step further and- ha've three veCtors
representing quantities at one time and find the
resultant-of ihe three. For example;.in figure 70,
foldout 3, let's have R 8, L = 7 and C = 3;
find -the magnitude and direction of the resultant
vector. The vector f. is along the positive hori-
zontal axis, while L leads R by 90° and C lags /

R by'90°. This means that L and C are dia-
metrically opposed. When the vectors are in the
same straight line but point in opposite directions
as do C and L, the resultant vector has a magni-
tude that is the algebraic, sum of the two vectors
and a sense in the direction of the larger vector.
The magnitude of the resultant is the difference
in magnituaes of the two vectors. Thus, the
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resultant Of C and L lies along L, and has a
magnitude of 4. Let us call this vector (C + L)
because it is the vector sum of C and L. Now
we want the resultant of (C + L) and R. You
can see that (C + L) is a 900 leading victor
with a magnitude of 4, and R is along the hori-
zontal axis with a magnitude of 8. Drawing the
rectangle as you did earlier, you get a right
triangle with one leg equal to 4 and the other
equal to'.8. The magnitude of the resultant and
_the direction of this vector can be found by
looking for the 113g1e whose tangent is

al-

V.

,

..

...

,

AI
4 1=

2
= .5000

8

from Appendix B you find the angle whose
tangent- is .5 to be approximately 27°. This is
above the positive horizontal axii and hence is a
leading angle of 27°.

15-30. You could use the sine`or cosine table
4and use the quotient of -

4540
for the resultant

.Ior
89W

- for the resultant. In either event, you
.

would have gotten °the same answer.

s

,
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Electrical Circuit Functions

IN TObAY'S AIR Force, the words "electrical
circuit function" have taken on A new mean-

ing to the aircraft electrician. For the most part,
the day is long gone when all aircraft electrical
,problems could be resolved with a simple meter.

2. The electrician must have the type of back-
ground that allows complete analysis of electrical
and electronic systems as well as their compo-
nents. the discussion in this chapter deals with
the analysis of some of the more common circuits
with which yod will be required to work.

16. Circuit Operation
16-1*. Electrical circuits consist of voltage

sources and loads connected together by' con-
ductors to complete a path for electron flow.
Voltage sources, such as batteries and genera-
tors,' are sources of electrical energy. They pro-
yide the force that moves electrons through the
circuit. The load opposes the movement of elec-
trons. The load converts electrical energy into
chemical, mechanical, and heat energy for the
purpose of doing work.

' 16-2. The opposition to the movement of
electrons in any load can be broken down into
resistive, capacitive,, or inductive components.
Although all circuits consists uf these three com-
ponents to some degree, those that are relatively
small when compared to another can be ignored.'
Because each component has its own peculiari-
ties, they will be treated separately in this chap-
ter. However, one fact must remain clear: each
component by itself opposes the movement of
electrods.

16,3. The initial step in circuit analysis is the
determination of voltage.,current, and opposition
at any point in the circuit and at any instant-of
time. This can'be accomplished only by proper
application of Ohm's law, Kirchhoff's voltage
law, and kirchhoffs current law. These three
laWs are the hmdamental tools in all electrical
circuit analysis. .

16-4. DC resistive circuits will be used to pre-
sent the basic laws in this chapter. The reason
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is that the Jaws were formulated many years
ago based on DC resistive circuits; they are the
easiest to understand, However, always keep in
mind, that they are applicable to all type electri-
cal circuits.

16-5. Ohm's Law. The relationships of cur-
rent, voltage, and resistance were first demon-
strated by Georg Simon Ohm, a German physi-
cist. Using very poor and deficient apparatus,
but the best to be obtained at that time, he
performed a series of experiments that com-
pletely settled the questions of (a) the way volt-
age is distributed throughout a circuit and (b)
the relationships of vohage, current, and iesist-
ance. Ohrh's law ,states that the current in an
electric circuit is proportional to the voltage and
inversely proportional to the resistance. The con-
sequences of this statement can be expressed by
any one of the following equations, using I to
denote current, E to denote voltage, and R to

denote resistance: I
R

stating that the cur-

rent is equal to the voltage divided by the resist-

ance; R = , stating that the resistance is equal

to the voltage divided by the current; E = IR,
stating that the voltage is equal to the current
times the resistance.

16-6. Effect of voltage change. In parts A
and B of, figure 71, foldout 4, two separate elec-
trical circuits are shown. These circuit§ are alike
in that a 6-ohm resistor and an ammeter are
connected to a voltage 'source. The difference'
in the two circuits is in the value of the applied
voltage, which is obtained from dry cells; each
cell furnishes 1.5 volts.

16-7. In part A of the figure, there is only
one cell in the circuit; therefore, the voltage
applied to the `circuit is 1.5 volts. Negleciing
the internal resistance of the dry cell, the volt-
meter, V. wilktindicate l volts. The tesistor in
the circuit has a value of 6 ohnis: By Ohm's law,
the circuit current can be calculated as follows:
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I =
1.5
6

= 0.25 ampere

A quick glance at the ammeter, A, will verify
that 0.25 ampere is flowing through the circuit.

16-8. In part B of the figure, two cells are
conneeted in series in the circuit. The voltage
as indicated on the voltmeter, V, is now 3 volts,
or just double the voltage of one cell. The resis-
tor in the circuit is still 6 ohms. Using Ohm's law
to calculate the circuit current, we have the fol-
lowing:

I =
3

6
0.5 ampere

Viewing 'the ammeter, A, will verify that 0.5'
ampere is flowing through the circuit. Notice
that by doubling the applied voltage, the current
has also doubled.

16-9. Effect of resistance change. In parts A
and B of figure 72, foldout -4, two separate
electrical circuits are shown. These circuits are
alike except that the value of the resistor is dif-
ferent in eaclv part. In part A of the fisure, the
initial conditions are fixed. The applied voltage
is 6 volts, as indicated by.the voltmeterV, and
the resistor has a value of 2 ohms. Using Ohm".s
law, the circuit current is calculated as follows:

I =
6
2

= 3 amperes

16-10. In part )3 of the' figure, another 2-ohm
resistor is added to the circuit in series with the
original resistor, so that the resistance in the
circuit is increased to 4 ohms. Since the same
voltage: is applied,, the, circuit current becomes

=

6
4-

= 1.5 amperes

This value of current can be verified by observa-
tion of the ammeter, A. Notice that the current
is decreased by 50 percent.

16-11. Effect of current changes. Slowing the
effect of changes in,electrical current is more
indirect than for voltage and resistance changes.
In figure 73, foldout 4, the variable resistor
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placed in the circuit is used to adjust the current
through the circuit to the desired value, as indi-
cated by the ammeter, A.

16-12. The exact current value is unimportant
in this part of the explanation. , Similarly, the

.actual voltage of the battery is unspecified be-
cause it is only instrumental in obtaining some
desired current flow ,through the circuit.

16-13. In part A of figure 73, foldout 4, the
current through the circuit is adjusted to a value
Of 2 amperes, as indicated by the ammeter, A;
the voltage across the resistor then becomes

E = IR
= 2 x 2
= 4 volts

16-14. In part B of the figure, the variable
resistor is adjusted so that the ammeter, A, indi-
cates a current of 1 ampere. The voltage across
the 2-ohm resistor should be

E = IR
= 1 x 2
= 2 volts

As you can see, the decrease in current produces
a decrease in the voltage across the resistor.

16-15. Kirchhoff's Laws. Ohin's law is not
sufficient for determining currents in complicated
circuits. This law alone willonot permit you to
compute voltages, currents, and resistances in the
complex circuits that may be encountered in
practical work. The reason is that Ohm's law is
a special case denoting more general relations.
Methods of treating complicated circuits are
based on Kirchhoff's laws. These laws are simple
to state, but the methods of applying them are
often quite difficult. Briefly stated, the two laVis,
of Kirchhoff are as follows:

a.

b.

The algebraic sum of the currents at any
junction of conductors is zero.
The algebraic sum of the applied voltages
and the voltage drops around any closed
circuit is zero.

.-

16-16. First law. The algebraic sum of the
currents at any junction of, conductors is zero.
This law can be restated as follows: The amount
of electrical current entering a junction point
must be equal to the amount of current leaving it.
This law is actually a consequence of a more
general one knoWn as the principle of charge
conservation. For example, assume that a s cur-
rent (II) of 1 ampere flows toward point A in
figure 74. foldout 4, and a current (I2) of 5
amperes flows away from point A. What is the
Lurrent (I3) flowing between points A and B?
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Using a minus sign to represent a current flowing
into a junction and a plus sign to represent a
current flowing away from a jundtion, current
II becomes 1 ampoitNand current 12 becomes
+5 amperes. Since the algebraic sum of the
currents must ,equal zero, an equation can be
written as follows:

,
L + L + L = 0

Subtracting 13 from both sides of the equation
yields'

44 + I. "I' IS L = 0 L
L + Ir = L

Then multiplying both sides of the equation by a
1 tcoamake -.I3 positive yields

I, Is = Is

Substituting known values for currents II and
12 results in

(-1) (+5) = Is
+1 5 = L

-74 = Is

This shows that 4 amperes is the value of the
current flowing between points A and B; the
minus sign shows that the 4 amperes is flowing
into junction point A. This is really obvious,
since 1 ampere is arriving at junction A at the
same time that 4 more amperes are arriving at

9, junction A; then both currents join each other to
leave junction A as 5 amperes.

16-17 . Second law. The algebraic sum of the
applied voltages and the voltage drops around
any closed circuit is zero. In order to understand
what this law means, refer to figure 75, foldout
4, and assume that the circuit current is flowing
in the direction shown by the solid-line arrow.
The starting point is purely arbitrary, since the
algebraic sum is zero. Starting at point .A and
passing through the 100-volt battery, there is a
vbltage rise of -+ 100 volts at 'point B. Leaving
point B. the current must pass through the 10-
ohm resistor before it can arrive at point C;
since voltage is equal to IR, you can write 10I
as the voltage drop across the 10-olun resistor.
Leaving point C, the current muss pass through
the 5-ohm resistor before it can reach point D;
the voltage drop is SI. Leaving point D, the
circuit curreni must travel through the 50-volt
battery before it can arrive at point E; in doing
so, there is a wltage rise of +50 volts. In
traversing the circuit from E back to A, there is a

.negligible voltage drop. Recording all the data
for the'various circuit points you will obtain the
following:

,

A to B = +100 volts
B to C = 101 volts
C to D, = 51 volts
D to E = +50 volts
E to A =,0 volts

Since the algebraic sum must equal zero, equate
the voltagei in the circuit to zero as follows:

-I- 100 10I 51 + 50 + 0 = 0
+ 150 151 = 0

o 151 = ISO
151 = 150

1 = +10 amperes

Now that I is known it can be.substituted in the
original equation to check the algebraic sum of
the voltages as follows: .

+100 10 X 10 5 X 10
+ 100 100

+ 50 + 0
, 50 + 50

0

= 0
= 0
= 0 ,

Thus, the algebraic sum of the applied- voltages
and the voltage drops do equal zero, as ac-
counted for by the direction of the solid-line
arrow.

16-18. Now suppose that the current direction
were assumed, to be in the direction indicated
by the dotted-line arrow; this direction is op-
posite that assumed previously. To show that the
starting point is arbitrary, suppose you start at
point C. The current leaving point C must
travel through the 10-ohm resistor to arrive at
point B;,kince it is traveling the circuit from a
lower telir higher potential, the voltage drop
from point C to B is + 101 volts. The current
leaving point B must travel through the battery
to arrive at point A; the voltage rise at point A
will be 100 volts with respect to point B. The
voltage drop from points A to E is assumed to be
zero volts since the voltage drop along'the wire
is considered to be negligible in relation to the
remaining circuit. The circuit current leaving
point E, in order to arrive at point D, must
travel through the 50-volt battery; point D will
be 50 volts with respect to point E. Leaving
point D, the circuit ,current must travel through
the 5-ohm resistor to arrive at point C; which is
at a higher potential than point D; the voltage
drop from point D to point C is, therefore, +51
volts. Collecting all data, you will obtain the
following:

C to B = +10I volts
B to Aa= 100 volts
A to E = 0 volts
E to D 7.-- 50 volts
D to C = +51 volts

Equating t4e applied voltages and the voltage
drops to ero, you will obtain the following:

87

9 3

'kr

P

sg-

0



+10I + (-100) + 0
100

+ (-50) + 5.1 =
+ 0 50 + SI =

151 150 =
, 151 =

I =

0
0
0
150
+ 10 amperes

Substituting the value of I into the oFiginal equa-
tion 'yields

4

-i-(10 X 10) + (-100) + 0 + (-50)

100 100+ 0
+

50

x 10)
= 0

+ 50 = 0
0 = 0

From these results, the direction of current flow
assumed and the starting point in the circuit are
immaterial as long as you are consistent in the
application of the principles involved.

16-19. There are three basic types of electrical
circuits. They are series, parallel, and series
parallel circuits. Proper identification of these
circuits will simplify circuit analysis, Certain
laws applicable to each type circuit haire been
derived from basic laws which eliminate the ne-
cessity of deriving certain equations each time
an analysii is attempted.

_16-20. Again circuit discussion will be" limited
to DC resistive cirouits. The analysis of AC
resistive circuits is essentially the same as for
DC resistive circuits.

16-21. Series Circuit. In a series circuit the
same current must pass through each device to
complete its path, from the negative to the posi-
tive terminal of ihe soFce. It is the simplest of
all circuits but one to which all complicated cir-
cuits can be reduced to simplify .analysis.

16-22. Current in a series circuit. In part B
of figure 72, foldout 4, the current flow in the
circuit is from the negative terminal of the bat-
tery, through ammeter A, resistor I21, ammeter
A1, resistor R2, ammeter A2, and to the positive
terminal of the battery. Obviously, -there is but
one path for the current to follow, and the same
current must be indicated by ammeters A; A1,
and A2. In a series circuit,, the current flow is
the same at all points in the circuit. Therefore,
the circuit current is

I = IT = II = I,

In order Id calculate the current in the circuit,
you must know the value of the voltage, and
resistance. Circuit current can then be deter-
mined by Ohm's law.

16-23. Resistance in a ;eries circuit: In a
seriertircult, the total resistance in the circuit is
the mathematical sum of all the individual resist-
ances in the circuit. In part B of figure 72, fold-
out 4, there are two resistors, R1 and R2, con-
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nected in series. If RT represents the total
resistance placed across the battery terminals, it

should be obvious that

112 =

16-24., V431tage in a series circuit. Total volt-
age in a series circuit can be determined by
direct application of Kirchhoff's voltage 10/.

16-25. Before this voltbge can be determined
it is important to understand what is meant by a
rise in voltage, a fall in voltage, and a voltage
drop. In part A of figure 76, foldout 5, the
closed-circuit battery voltage, of 200 volts is ap-
plied to the circuit containing the 100-ohm re-
sistor. Ohm's law shows that

=
200
100

= 2 amperes

Also, by Ohm's law, the voltage across the resis-
tor is as follows:

E =
= 2 x 100
= 200 volts

This voltage is, of course, the'same as the bftery
voltage, for it is assumed that the resistance of
the connecting leads is neglietble. It also serves
to show that the total applied voltage must he
expended across the circuit. The total voltage
expended in a complete circuit, including the
source, is .nlways zero.

16-26. The negative terminal of the battery
in part A of the figure is being used as the
refereuce or zero point for measuring the poten-

.tials of all other points in the circuit. Thus, point
A is the point of highest potential (200 volts,
positive) "with respect to the point of lowest po-
tential (zero volts), point B.

16-27. In part B of the same figure, the 100-
ohm resistor shown in part A is ieplaced by four
25-ohm resistors, RI, R2v R3, and R.4, connected
in series across the battery. The voltage drop
across resistor R4 iS

E4 = IR
= 2 x 25
= 50 volts



If you connect a voltmeter between points E
and D, that i across resistor R4, you will meas-
ure 50 volts positive; this is a rise in voltage

,from 0 volts up to 50 volts. The voltage drop
across resistor R3 iS

= IL
2 x 25

= 50 volts
-

If you connect a voltmeter between points D and
C, you will measure 50 volts positive across re-
sistor R3. If you connect the voltmeter between
points E and C, you will measure 100 volts posi-
tive. This is a voltage rise of 100 volts. Consider
the fact that El is 50 volts positive with respect
to the zero reference point E. Th'e voltage across
E3 is also 50 volts positive, but E3 started at the
point that was already 50 volts positive to begin
with. In other words, the two voltages have been
added together as follows:

+ E. = IL + IR.
= 50 + 50
= 100 volts

16-28. Suppose that the voltage at point A in
the figure is measured, and then the voltage at
point B is measured, both with respect to point E.
Obviously, the voltage at point B is lower than
the voltage at point A; thus, there is a fall in
potential in this case. Whether there is a rise or
a fall in the potential between two points depends
entirely on the order in which the measurements
are made. For example, it is equally correct to
say that there is a voltage rise from B to A with
respect to Nita E, or a voltage fall from A to B
with respect to point E.

16-29. The voltage across a portion of a cir-
cuit is called the voltage drop across that portion
of the circuit. Thus, if a voltmeter is successively
connected across points A and B, B and C, C
and D, and D and E of the figure, it will, in each
instance, show a potential difference of 50 volts.
Voltage drop is also called IR drop. The mean-
ing of IR drop is apparent when you realize that
it is a statement of Ohm's law for voltage.

Eno = E. +

The voltage drop across resistor a 2 1.5

Es = IL
= 2 x 25
= 50 volts

Again, if you connect a voltmeter between points
C and B, you will obtain an indication of 50 voltg

'positive, and if you connect it between points
E and B, you will obtain a voltage indication of
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150 volts positive. The 50 volts dropped across
resistor R2 begins at a point that ig already 100
volts positive with respect to point E, and ends
at a point where the voltage is 150 volts positive
with respect to point E. The remaining voltage,
50 volts, is dropped (used to force current
through7 acrosw resistor RI, so, that the total
voltage of the battery is expended across the
circuit. In equation form

ET = F.. + B. +

where ET is the open-circuit voltage of the bat-
tery.

16-30. Power in a series circuit. Whenever
current flows through any electrical circuit, a
certain amount of power is expended in the form
of heat. Figure 76, foldout 5, can be used to
illustrate how power is distributed in an electrical
circuit. In part A of the figure, the4ower ex-
pended in the 100-ohm resistor can be calculated
in three ways as follows:

P = IE = 2 amp x 200 volts = 400.watts
P = PR = (2 amp)* X 100 ohms = 400 watts
P = Es (200 volts)s= = 400 watts

R 100 ohms

The total power expended in the circuit is 400
watts.

16-31. Refer to part B of the same figure;
since R1 = R2 = R3 = R., it is sufficient to
calculate the power expended in only one of these
resistors as follows:

P = I'R
= (2)s X 25 = 100 watti

One, hundred watts is expended in each series
resistor, RI, R2, R3, and R4. The total power
expended in a series circuit is the sum of the
powers expended in all resistances of the circuit.
Thus, 4he total power expended in the circuit
illustrated is 400 watts.

16-32. Parallel Circuits. A parallel circuit is
a circuit that has more dian, one path for current
flow. This circuit has the same voltage simul-
taneously applied to each path from the output
terminals of the source.

16-33. Voltage in parallel circuits. A sche-
matic diagram of a parallel circuit is shown in
fi^,tre 77, foldout 5. The negative terminal is
connected to point B of resistor RI, and the
positive battery terminal is connected to point A
of resistor RI. It is fairly obvious that the full
battery voltage is applied across resistor RI. Re-
sistor R2 iS also connected to the positive terminal
of the battery at Point 'A and to the \negative
battery termitl at point B. The full battery
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voltage, therefore, is applied directly across re-
sistor R2. The voltage E1 applied across resistor
K must be thi same as the voltage E2 applied
across resistor R2, because both resistors R1- and
R2 are connected together at point A on one
end and point B on the other end; thus,

=

Similarly, resistor R3 is connected directly across
the battery terminals, A and B. The voltage Es
dropped across resistor R3 is also equal toOhe
applied voltage and is shown as follows: s'o

= Et = = ET

where ET is the total voltage supplied by the
battery. Voltmeters V1, V2, and V3 indicate the
same voltage. The conclusion is that in a parallel
circuit the same voltage is applied o each resist:
ance in the circuit.

16-34. Current in parallel circuits. 'Do not
make the mistake of thinking that resistors R1,
R2, and RA are connected in parallel with the
battery. The mere fact that one cimuit element
is connected across another does not mean that
all the circuit elements are in parallel. For exam-
ple, resistor R1 in figure 77, foldout 5, is 'physi-
cally connected across the battery, but electri-
cally, it is a series circuit because the same
current flowing through resistor R1 is alr flow-
ing through ,the battery. In the same figure,
resistor R2 is connected across resistor R1 in a
parallel combination; the parallel combination of
R1 and 122 are then connected in series .across
the battery.

16-35. Suppose that a 6-volt battery-As used to
supply electrical power to the circuit shown.in
figure 77:foldout 5. Applying Ohm's law to that
branch of the circuit containing RI, current II
nlust leave the negative terminal of the battery,
flow through resistor RI, and return to the posi-
tive terminal of the battery. The value of II
will be as follows:

L =
6

3

= 2 amp

Applying Ohm's law to the other two paths in the
circuit will yield

= 3 amp
L = 3 amp

16-36. Therefore, the total circuit current
leaving the battery terminal and arriving at point

.11 is as follows:
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s

IT = L + I +
= 2 + 3 + 3
= 8 amperes

a

16-37. At junction A, the three Ciirrents,
= 2 amperes, 12 .=- 3 amperes, and 13 = 3
amperes, will reconverge.so that the total current
arriving at the, positive battery terminal will be
as follows:

= L + L + Is
= 2 + 3 + 3
= 8 amperes

16-38. Ammeter A will indicate 8 amperes,
and ammeters As, A2, and A3 Will indicate 2,
3, and 3 amperes respectively. The conclusion
resulting from these observations is that the total
current in a parallel circuit is equal to the sum
of the currents in the individual circuit branches.
The current through any branch may be com-
puted by application of Ohm's law, and depends
on the amount of resistance in that branch.

16-39. Resistance in parallel circuits. An ap-
plication of Ohm's law will show the behavior of
resisthnce in a parallel circuit. The applied volt-
age across a resistance causes a 'corresponding
flow of electrical current through the resistance.
Therefore, the total resistance, RT, of the circuit
in figure 77, foldout 5, is calculated by using
the total voltage, ET, and the total current, IT,
as "follows:

RT = ET

6
8

= 0.75 ohm

Notice that the battery "sees" a total resistance
0.75 ohm, even though the lowest ohmic value

of any one branch resistor is 2 ohms. But do
not forger that as far as the battery is con-
cerned, it is delivering electrical energy to a series
circuit. Such behavior leads to the conclusion
that the equivalent resistance of a-parallel cir-
cuit is always less than the resistance of, any one
branch of 'the parallel circuits. Furthermore, as
far as total current and voltage is concerned, the
three parallel-connected resistors, RI, R2, and
R3 could be replaced with a single equivalent re-
sistor R. in SERIES with the battery to main-
tain the same circuit current.

16-40. In many applications, it is highly de-
sirable to evaluate the parallel combination of
resistances as an equivalent serieg circuit. As pre-
viously discussed, Ohm's law is satisfactory
for calculating the equivalent series resistance
12,1 when the applied voltage, E, and the total
current, IT, delivered to the parallel circuit are

96



tts

known. However, it is often necessary to deter-
mine R when neither the voltage nor the cur-
rent is known. Hence, in figure 78, foldout 5,
two resistors are shown in the parallel connection
isolated from any source of electrical energy to
emphasize 'the fact that only the resistance is nee:
essary to compute equivalent resistance.

16-41. In addition ,to resistance, a conductor
also possesses conductance, which, as you recall
front previous discussions, is an indication of the

, ability of a material to conduct current. Math-
ematically, conductance is the reciprocal of re-
siseance, and can be calculated with the aid of
the following formula:

1G =

Conductances in parallel can be added Mgether
to obtain total conductance; therefore, if you as-
sign GI as the conductance of the circuit branch
containing resistor RI, and G2 as the conductance
of the circuit branch containing resistor R2, you
will-obtain the total conductance, Cr-r, of the cir-
cuit as follows:

GT = G -1- GI =
Rs

Now that the formula for conductance, GT, .of
the circuit has.been derived, the total resistance,
RI., of the circuit can be obtained by using the
relationship as follows:

RT =

16-42. The total resistance of the circuit,shown
in figure 78? foldout 5, is

RT
1

1 1

100 200
1

0.01 + 0.005
1

0.015
= 66.6 ohms

16-43. Returning to the circuit of figure 77,
foldout 5, you recall that the equivalent resist:-
ance of that circuit is 0.75 ohm. An application
of the.principles just discussed results in the fol-
lowing:
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RT

1 1 1

3 2 + 2
+

1

1.3333
= 0.75 ohm

This method of calculating the equivalent Series
resistance of a parallel.circuit is called the recip-
rocal resistance method, and may be used to de-
termine the total resistance of goy number of par-
allel resistances. It is shown in part B of
figure 78, foldout 5. Stated as a rule, the equiv-
alent series resistance of a parallel circuit is equal
to the reciprocal of the sum of Pie, reciprocals or
the individual parallel resistances.

16-44. Observing. the equation of the recipro-
cal method, shown in figure 78, foldout 5, it ap-
pears quite clumsy. By performing arithmetical
operations, it can be changed into a more con-
venient form, as developed below.

RS
1

1 1

R, Its

The lowest common denominator of the equa-
tion's denominator is RIR2; hence, clearing the
fractions in the denominator yields the following:

k

RT =
Rs + R2

Its

Dividing fractions by inverting and multiplying
results in,the following:

1
Ra Ra + R.

RI RIP

C.

This procedure is called the product-sum method
and is very convenient for two resistances. If a
circuit contains three or more resistances, the
method becomes long and tedious. This-method,
which is shown in part C of figure 78, fold-
out 5, may be stated in a rule as follows:
The equivalent series resistance of a parallel cir-
cuit composed of two resistors is equal to the
product of the resistances divided by the sum of
the resistances.

16-45. The product-sum method can be used
to verify the results obtained in previous discus-,
sions with respect to figure 77, foldout 5, even
though it is more troublesome fo apply. The
equation is shown below.



RI Rs RaRT =
IL Ra + RI, R3 + 111 IL

3 X 2 X 2=
(3 X 2) + (3 X 2) + (2 X 2)

= 12
16

= 0.75 ohm
...
16-46. If you prefer the product-sum method

because it is easier to remember, you can apply
it to ciicuits with more than two parallel resist-
ances by a method of combinations. To do this,
first determine the equivalent resistance of any
two parallel branches; the result of this calcula-
tion can then be used as one of the resistances
to combine with any one of the remaining re-
sistances. Continue the process of combining the
calculated resistances until all of the resistances
have been included in the calculations.

16-47. For example, the circuit of figure 77,
foldout 5, may be used 'to shotv how this com-
bination is accomplished. First, fmd the equivat
lent resistance 11, of resistors R2 and R3 as fol-
lows:

R2 R3R., =
eL + IL2 X 2
2 -1- 2
4
4

= 1 ohth

=

The total resistance Itl, of the circuit can now be
calculated as follows:

4
= 0.75 ohm

The calculation 6f Ire, in the first step of this
example shows a very interesting relationship in
parallel-circuit resistance. The value.of resistors
R2 and R3 was the same; that is, each resistor
had a value of 2 ohms. The equivalent resist-
ance of these two resistors is equal to 1 ohm,

. which is just half the value of either resistor.
This, then, is a special case in calculating the
equivalent resistance of resistors of equal value.
From this exmple, a rule can be formulated as
follows: When resistors of equal value are
placed in a parallel circuit, their equivalent re-
sistance is equal to the result of dividing the value
of one resistor by the total number of resistors.

16-48. One other relationship between the
values of two resistors in parallel can be shown.

Suppose ,that resistor R1 had a value of 1 ohm
'and that resistor R2 had a value of 10 obnis;
the ratio ot the resistors is 1 to 10. Calculation
of the equivalent resistance is as follows:
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Rs. =

=

=

=

IL IL
IL + 111
1 X 10
1 + 10
10

11 t
0.90909 ohm

This is approximately equal to 0.9 ohm. The
calculktion shows, tbat when any two rqistors in
the l'aao of 1 te 10 are in a parallel circuit,
their equivalent ^resistance is always approxi-
mately equal to 90 percent of the value of the
lowest ohmic resistance value. If ,the two resis-
tors had been 10,000 ohms and 100,000 ohms
instead of 1 ohm and 10 ohms, the resulting
equivalent resistance would have been approxi-
mately 9,000 ohms.

16-49. Power in parallel circuits. The power
expended in a parallel 6ircuit can be calculated
quite easily. Using the circuit shown in figure 77,
foldout 5, the power dissipation,'121, of resistor
Ri is shown below.

I's .--. Plis .

= (2)' X 3
= 12 watts

Similarly, since R2 and R3 have equal values of
sesistance and equal circuit Current through them,
the power dissipation in each reiistor is shown
below.

P3 = Ps = 1112s
= (3)2 X 2
= 18 watts

1-50. The internal resistance of the battery
is unspecified; hence, the power delivered by the
battery must be calculated by using a different
relationship than P = I2R. The relktionship
P =IE is suitable, and yields

PT = ITET
= 8 X 6
= 48 watts

Checking the power distribution in the external
circuit with the power provided by the internal
circuit of the battery shows that

.. 1)

PT = Ps -1- Ps + PS
48 = 12 -1- 18 + 18
48 = 48



.
Thus, 'the power provided by the batter!' is ex-
pended in the external circuit as a function of
the resistance in each parallel branch.

16-51. Series-parallel circuits, as the name im-
plies, are combinations of series and parallel cir-

cuits. There ale no special rules for analyzing

this type of circuit; you must systematically apply

the rules for both series and parallel circuits as
required. As a general rule, however, it is always
best to reduce parallel circuits to an equivalent

series circuit as a first step in analyzing the
overall circuit.

17. Reactance
11-1. At this point, you have reached the end

of the straight Circuit analysis. You have finished
resistance circtiits. The next circuits to be studied

will contain capacitance and inductance, These
terms are not really new to you because you were
exposed to them in the 3-level school. Thinking
back. you know that circuits with capacitors and
inductors gave you trouble in the resident school.
Why? We will attempt to answer this question

in the discussion to follow.
17-2. Capacitance. Electrical devices that are

constructed of conductive material and separated
by an insulating material are called capacitors or

condensers. The more acceptable of these two
terms is capacitor. The conductive materials con-
tained in a capacitor are called plates, whether
or not the materials physically appear as plates.
The insulating, material between capacitor plates
is called the dielectric material, and may be in
a solO, liquid, or gaseous state,

17-3. The cal5acitance of a capacitor is deter-
mined by the plate area, the distance between
the plates, and the diel,ectric material. Increasing
the plate area or decreasing the distance between
the plates increases capacitance or vice-versa. By

using a dielectric material that is a better

insulator, you will also increase capacitance.
17-4. Capacitance Values. The unit of Ca'paci-

tance is tht farad. This unit, however, is\ too
large for practical circuits. A more convenient

\ unit is the microfarad. which is equal to one-mil-
lionth of one farad (1 X 10-6farad).

17-5. In the previous section, you were shown

that resistors could be connected together in var-
ious ways to produce different results; that is, in

series, parallel, and series-parallel circuits. Ca-

pacitors are no exception to this rule. Capacitors

are manufactured in ,standard. values. Very

often. however, nonstandard capacitance alues

are required for a particular applicatio and

these may be obtained by connecting standard
values of capacitors in series. parallel, or series-
parallel circuits to achieve the exact capacitance

values desired.

17-6. Series Capacitors. Suppose that two
eapatitors are connected in series with each other,
as shown in figure 79, foldout 5. Plate X of ca-
pacitor C1 and plate Y of capacitor C2 are joined'
together; thus, it is quite.obvious that both plates
will assume the same electrical potential. Both
of these capacitor plates couldCbe merged to-
gether into h single plate for practical purposes.
Consider plate W of CI and plate Z Of C. These
two plates will have opposing operating potentials,

"gut more important than this. dielectric A of
thickness d is added to dielectric B of thickness
d, plus the thickness of plates X and Y. Notice
that as the thickness (d) of the dielectric
increases, the overall value of the resat ca-
pacitance decreases. The basic equation, for tot
capacitance in a series circuit is shown below.
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CI CICT =
CI +

This equation can also be resolved.into

CT. =

ct C,

Both of these equations bear,a striking similarity
tO-the equations used to compute the total cirtxtt
resistance value of resistors in parallel. An ex-
amination of diese equations reveals that o er
generalizations that are true of resistors connected
in parallel are also true of capacitors connected

in series: (1) The total capacitance of the com-
bination is less . than the capacitance of the
smallest individual 'capacitor used in the circuit.
(2) If the capacitors are of equal value, the total
capacitance may be obtained by dividing the

capacitance of one of the capacitors by the total
number of capacitors connected in series.

174. Parallel Capacitors. Suppose that two
capacitors are connected in parallel with each
other as shown in figure 80, foldout 5. CapaVi-

tor plates W and Y are connected together; thus
both plates acquire the same potential when en-
ergy is applied. Similarly, capacitor plates X and
Z are connected together; these two plates hre
the same operatylg potential, equal in amplitude
but opposite in polarity with respect to plates
W and Y. It shoulcYbe obvious that the area of

plate W is- increased by 'the area of plate Y;
the same holds true .for the area of plates X

rand Z. Inspection of the figure shows that con-
necting capacitors in parallel does not effectively
change the thickness of the dielectric material of
the equivalent capacitor. Since capacitance is di-

"reedy proportional to plate area, the equivalent
capacitance for the parallel combination should

be
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CT = ,C2

17-8. Capacitive CircuitsDirect Current. Ca-
,pacitive circuits in conjunction with resistive and
inductive circuit elements constitute the bulk of
electrical and electronic circuits. Resistance-
capacitance circuits are widely used in all types
of applications because of simplicity, and econ-
omy; theie are identified by the term "RC cir-
cuit."

17-9.1The conditjons in effect prior to the time
a capacitor is connected into a direct current cirr
cuit must always be known for a complete dis-
cussion of the subject. There must be no charge
stored in the dielectric material, and the capaci-
tor plates must be electrically neutral. To pbtain
this condition, both capacitor plates must be
short-circuited together for a suitable time to per
mit neutralization of electrical charges. Part
of figure 81, foldout 5, shows a switch with on
set of contacts arranged to provide the short cir-
euit function required during the following dis-
cussion of time constant. The other set of switch
contacts provide .operating potentials to the ca-

i pacitor, as shown in part B of the figure. Part C
of the figure shows a charge-versirs-titpe plot of
capacitor current and voltage relationships that,
will be nsed during the ,discussion of -time, con-
stant.

17-10. Capacitor charging. Dyiring the follow-
ing discussion, assume a capacitor has a value of
100 ki.f. Before and during the first instant that
switch S is operated (see part B of the ligire),
the capacitor plates are considered to be com-
pletely neutral; there is n ifference of potential
across the capacitor. As far existing potentials
are concerned, both capaditor plates represent
one and the same circuit pdint. This cauSes the
circuit to appear as a short circuit across the
battery terminals. After the first instant, a heavy
circuit current will move into pnt capacitor plate,
onl to be stopped there because of the insulating
dielectric material. At the same instant, a dif-
ferent current having the same direction and
amplitude will originate at and move from the
remaining capacitor plate into the battery ter-
minal. The amplitude of the capacitor current is
very large during this brief instant. As yet, there
has been no charge acquired by the dielectrig
material; hence, the capacitor charge is equal to
zero. Therefore, the voltage across the capatitor,
E,, is'equal to zero volts.

17-11. After an interval of time,%electrons will
arrive at one caRacitor plate and cause a net
negative'charge on\that plate; electrons that move
into the battery cause the remaining 'capacitor
plate to acquire a net positive charge. Since
these charges are held capacitively in their re-

spective locations, an electrical force J is exerted
across the dielectric material. The nlecules in
the dielectric material establish equ. ibrium by
turning to align themselves with the e isting elec-
tric field present at the capacitor lates. This
movement of dielectric molecules artially neu-
tralizes the harge on the capaetor 'plates and

1permits an ditional carge t move into the
plates. A ,ve definite lime lierval is required
to move lectrois into the ca acitor and to

e
per-,

form t work r quired to tient the dielectric
moleiles with thè, electric field. Assume that
t harge, Q, acq red bj the capacitor during
ope time interval is 8 10-5 coulombs; the

Itage,...E., across the clpacitor would be .55.5V.
17-12. Inspection of the graph shown in figure
, foldout 5, shows that during the first time

terval the capacitor current decreases from
aximum to 18 x 10-5 coulombs, and the ca-

-"-pacitor voltage increases from zero to 0.555 volt.
Suppose that another time interval (equal to the
first time -interval) is chosen, and the charge on
the capacitor is recorded at that time. Assume
that the charge is now 7.65 x 10-5 coulombs,
the voltage, E, across the capacitor is now..1.3V.
From these to examples, you can see that dur-
ing the' first time interval of the charging cycle
of the capacitor, the charging current decreases
from some maximum value to 18 x 10-5 cou-
lombs, and then, during the second time interval
to 7.65 x 10-5 coulombs. Therefores, the charg7
inecurrent decreases nonlinearly with time. The
voltage relationships show that the Aloltage in-
creases from zero to 0.55 volt and then to 1.3
volts. The current through the capacitor de-
creases in the same proportion during the, same
time intervals. A point will be reached when the
voltage across the capacitor is practically equal.
to the applied voltage, and at this 'point, ttic

, charging current will be practically zero.
17-13. Capacitor discharging. To observe the

conditions during capacitor discharge, switch S
must4be operated to the position shown in part
A of figure 81, foldout 5. This plaZes a short
circuit acroq the capacitor. Capacitor current
will be very high during the initial instant, but
will then decrease to )zero. The stored voltage
will alsa be reduced td zero. This initial change
in circuit -conditions results from neutPalization

Er

of lnobile cilarges, that is, the combination of
electrons wilt; positive ions. he warped elec-
tron orbits of dielectric atoms will now attempt
to regain their original orbital positions, but they
cannot do so instantaneously. The dielectric
,atoms will repel electrOns" out 9f the capacitor
Plate, as shoWh in figure 81, and attract them to
the remaining plate to reduce the electrical force
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external to the plate. The decay of capacitor
charge will be accomplished, at the same rate as
that shown during the charging process, because
the same dielectric atoms are affected in both
cases. However, the cuirent and voltage decrease
together through a discharging capacitor, as op-
posed to the voltage increase and current de-
crease in a charging capacitor.

17-14. RC time constant. When, a resistor is'
connected in series with the capacitor, as shown
in figiire 82, f011dout 5, the' circuit action is modi-
fied in degree but iforin kind. Since the tvio
capaeitor plates are assumed to have no original
accumulated 4iarge,..the ingant that switch S is
operatecrto,t11 contacts opposite those shown in
figure ,82; the capacitOr plates will still appear to
the energy source as a".coMplete and continuous
circuit as before. Under these circumstances, full
output voltage Will appear across resistor R be-
cause the total circuit current flowing from .the
battery will be limited only by the resistance of
resistor R. In turn, this means that the capacitor
current will not be infinite during this initial
period but will be limited to some value by the
action of the resistor., On the other hand, the
voltage across the capacitor will be zero during
the initial period because the atoms in the di-
electric material cannot align themselves with the
electric field instantaneously; thus. the, capacitor
appears as a short circuit.

17-15. During any subsequent period, the volt-
age across resistor R and the vOltage across ca-
pacitor C must always equal 'the applied voltage.
As the capacitor charges, the voltage across the
capacitor increases toward the applied voltage.
This means that the voltage across the resistor
decreaset bY the same amount. As the voltage
across the resistor decreases, it causes the current
through the resistor to decrease also. From this
information you may conclude that the capacitor-
charging current is still governed by the resistor
during any subsequent capacitor-charging period.
-The amount of time required for a capacitor to
rqch full charge is dependent upon the value of
the resistor relative to the value of the capacitor.
With a capacitor of' given value, it can hold a
very definite maximum charge and no more. If
the value of a resistor is increased, the charging
current of the capa,citor is decreased. With a
decreased charging current, a longer . time is

required for the capacitor to, acquire its maximum
charge than would be the case without the resistor
in the circuit. Since the maximum charge is de-
termined by the value of capacitor- C and the
charging current of the capacitor is limited by
resistor R, it should be apparent that the product
of the resistor and capacitor together will deter-
mine how long electrical current must flow in
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order to impart maximum charge to the capacitor.
The product of the values. of resistance and ca-
pacitance is called the RC time constant of the
circuit; its symbol is T, and it is expressed in
terms of seconds. Thus,

T = RC

where T is expressed in seconds, R is expressed
in ohms, and C is-expressed in farads.

17-16. When a resistor and a capacitor, are
connected together in a parallel combination, the
circuit action changes somewhat, but the time
constant, T = RC, remains unchanged. How-
ever, a parallel resistance provides a direct elec-
trical path from the negative plate of the capaci-
tor to its positive plate. Should a change in
charge occur suddenly at one plate, a current
would be sent around the capacitor and through
the resistor to restore the conditions to normalcy.
tffectively, a series circuit still exists; thus, the
statement that T = RC holds true for parallel
as well.as series circuits.

17-17. The time constant rot a circuit is a
measure of how rapidly the voltages and currents
in a resistance-capacitance circdit can respond
to changes in voltage or current amplitudes. A
small time constant indicates that the circuit can
respond to changes in circuit conditions very
rapidly. A large time constant indicates that the
circuit responds very slowly to circuit conditions.
Therefore, the slope of the charge-discharge
curve can be made to conform with almost any
desired angle.

17-18. Capacitive CircuilAlternating Cur-
rent. To reiterate; in a direct-current circuit, if an
electromotive force is applied directly across the
terminals of a capacitor, the capacitor will tend
to react as a constant voltage device. The vort-
age across the capacitor is zero when the time is -

equal to zero seconds. At' this very same instant
the capacitor begins to charge in reaction to the
applied electromotive force, and the charging cur-
rent is at its maximum value. Thus, a counter
electromotive force is acquired by the capacitor,
and it equalS the applied voltage at the end of
the' degignated charge rieriod. Capacitors ern-
ployed in alternating current circuits react in ex-
actly the same manner.

17-19. From Kirchhoff's laws, the algebraic'
sum of the voltages around any closed circuit,
including the source, is zero. Thus, .when the
applied electromotive force is zero, the counter
electromotive force is also zero. Wfien the ap-
plied electromotive force is at a maximum; the
counter. electromotive force is also at its maxi:
mum. Therefore, this voltage, as the term counter
electaknotive farce implies, is in opposition to the

lOj

5



A

1,

applied voltage;this fact gives rise to the ex.'
pression that the capacitor voltage charge is 180°
out of phase with the applied voltage.

I

17-20. As you can observe from figure 83,
foldout 5, the phase of the circuit cUrrent can be
taken with respect to either the applied voltage
or the counter voltage. By standard conventio
the phase relationship of current and. voltage 'is
predicated op the applied voltage. Hence, t e
capacitor current leads the applied Voltage. As
the applied vdltage passes 'through zero, moving
in a positive direction, the slope of its curve is
positive; at the saMe time the capacitor curient
passes through a positive maximum, showing that
the capacitor cu'rrent is displaced in time byT 90
electrical degrees. The phase relationship it a
pure capacitor is such that the capacitor C.urrent
lead's the applied voltage by 90°, ! .

17-21.. Capacitive phase angle. As nóted in
the detailed discussion of series circuits, the cur-
rent in a series circuit is everywhere the same
and provIdes a ieference point for calculation of
circuit cOnstants. When an applied voltage, E,

Is connected tcr the circuit shown in, part A of
figure 84, foldout 5, the circuit current, i,"will be
90° out of phase with the applied 'voltage. The
voltages eR, across the resistance will be in phase
with Current i. The :voltage across the capacitOr
will be 99: out of phase with respect to thesame.
current, i. The capacitor .Volltage, er, is' out of
phase with the resistor voltage, ea, by. 90°,; refer
to part B oFthe figure.

117-22. -The relationship: between the applied
vOltage,/he voltage drops, and the phase angle of
any series RC circuit may .be determined by
means of elementary Vectors.' Since the voltage
across the resistor, ea, is in phase with the circuit
currents i, ea is taken as the reference vector.
The reference_ vector is drawn horizontally to the.
right; the length of the.vector is ustd to repregent '
the number of Voles, ea. The capacitor voltage,%.
er, is out of phase :with the, voltage acrOss the
resistor by 90°. The capacitivs voltagt Vector,
is always drawn at %right .angles to the reference
vector in a downward direction; the length of the
vector is used to represent the numberof. Volts,
eF. If dotted lines aresxtended from .the tips of ,

vectors er and ea tq form..a completed rectangle,
the parallelogram of "forcerlaw can be used. to
provide two important relationships: Refer 'to
part A of figtire 85,.fordout,5.

17-23. When a diagonal line is constructed
through the junction of, vOltages ER ind,Err'you
will discover that, the rength o,f the resultant vet.
tor -forms the hyPotenuse of a right triangle and
is numerically equal "to the value oLthe applied
voltage. an 'other, words, when the voltages Er

. *. - '

and ER are known, the applied voltage can be
calculated by using the relationship

This is the first of tw,S important, relationships
to be derived from the,' parallelogram-method in
the addition of forces.

17-24. The second relationship to be discussed
is the determination of the phase angle. The
phase angle can be Computed very simply by
trigonometric, methods. Recalling,, that the tan-
gent of any angle is the opposite side divided`
by the' adjacent side, you will obtain the relation-
ship

opposite sidetan tt
adjacent side

Since it is known that the voltage across the re-
sistor is in phase with the current through the
resistor, the direction of the voltage vector, ER,
is the same AS the current vector, i. The phase
angle, 0, is the angle that the applied voltage,
E, makes with, the resistor voltage vector:ER,
as shown in' Pari .A,of qure 85, foldout 5. Sub-
stititing the voltage Ttlationships for.. the more
general mathematical relationships, the tangent
of the angle resolves into

tan 6' capacitive voltage
resistive voltage
Ea
Eit

17-25.. The actual phase angle is the angle

%/hose. tangent is equal to

shown in equation form by t

8 = arc tan

This 6an be
ER

El .

where 0 is equal to -the adtual phase angle and
,Er . Erarc tan -- is the afigle whose tangent is

ER ER
17-26. In consequence ;of- thieVelationship,

the voltage, ER, across the resistor isr jarge with
respect io the voltageL Er:across the capacitor,
tHe resultant phase anfewill be imall. Similarly,
if the voltage, ER, across the resistance is small
with respect to the voltage, Er, across the ca-
pacitar, the resultant. phase angle will be l4rge.
Hence, the value ,of the- resistor, in a series RC
circuit can cause the circuit current to lead the
applied voltage by sorne'angle Jess than 90°.

Copaciiive. reactance. A new term had
,to be developed .to distinguish between the op-

* Position offered by a resistor and, the opposition
olfered a capacitpr. Since the .reaction of a
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capacitor to an alternating voltage is i function
of frequency, the word reactance was chosen.
It-.4...designated by the letter X, and expressed
in ollms. Capacitive reactance is the opposition
offered by a purely capacitive circuit to the flow
of alternating current; it is expressed in ohms. It
is designated by the relationship

1Xc
2rfC

that maPbe properly used only in" the special
case of sinusoidal waveforms. If the applied volt-
ages and currents are not alternating and sinu-
soidal in nature, the capacitive reactance equation
is not valid and should-not Oe used.
. 17-28. Impedance. When capaCitances and

resistances are combined together to form a cir-
. cuit, the total opposition to the flow of current

offered by the circuit is not the'simple arithmeti-
cal sum of the reactance, X, and resistance, R.
The capacitive reactance', Xe, is added to the
resistance, R, in a manner that takes into ac-
count the phase differences between the various
voltages in the circuit. The total opposition to an
alternating current is called impedance and is
assigned the symbol Z. In accordance with the
requirements of this new term, Ohm's law now
takes the following forms: (a) E = IZ, (b)

EI =, and (c) Z --= ---.Z I

i

17-29. Recall the relationship E =
VER2 + E2 from the discussion inVolving
phase relationships. The applied voltage, E, can
be replaced with the term If. The term E2 can
be replaced with the term (IR)2 in direct ac-
cordance with Ohm's law. Finally, the term Er.2
can be replaced with a nes), term, (1)(0)2. These
three substitutions can be used to form the fol-
lowing equation: ,

12 = Y(IR)' + (M)'
IZ = YP13,' + rxe

Since the current in the Series circuit is every-
where the same, 12 in the term I2R2 is the -s-arne
as 12 in the term 12Xe2. Hence, by factoring

IZ = 'VP( R' + Xe')
= VII YR' + Xc'
= I YR' + Xc'

1Z I
+ 3Cos

17-30. The same result may be obtaMed by
means of vectors. The voltage across resistance
ER is equal to IR, and the voltage across ca-
pacitor Ee is equal to DCe. Since each vector
represents 'a product of which circuit current is a
common factor, the vectors may be laid off pro-
portional to R and X0, which are separated by
90°. Refer to figure 86, foldout 5. The resultant
vector, Z, is the hypotenuse of a right triangle
and, its length represents the quantity of the

- impedance in the circuit as follows:

Z = VR' + Xc'
0

Thus, the impedance of a series RC circuit is
equal to the square root of the -sum of the squares
of the resistance and the capacitive reactance.

I

Z = YR' 4- Xc'

17-31. You can also confirm that the angle is,
the phase angle because the direction of the im-
pedance vector, Z, is the same as thit of the
applied voltage vector, E. The phase angle can
be calculated by means of the relationship shown
below.

.4- '

Ec
. 8 = arc tan

ER

It can also be calculated by using the relationship
,shown below.

R8 = arc cos
I.
1

I

The choice of equation to.be employed is, of
course, dictated by the . information available.
You may ascertain that if the resistance is large
with respect to the capacitive reactance, the cir-
cuit tends to act as a pUrely resistive circuit,
and the phase angle approachea zero degrees.
If the capacitive reactance is large with respect
to the resistitnce, the circuit tends to act as a
purely capacitive circuit, and the phase angle
approaches 90';

17-32:'Parallel RC Circuits. tigure 87, fold-
out 6 shows capacitance C and resistance R con-
nected in parallel across an alternator. Since thic
is a parallel circuit, the voltages across the re-
sistor and capacitor are the same, and are, there-
fore, in phase with each other. However, the
current through the capaCitor leads the applied
voltage by 90 electrical degrees, and the current
through the resistance is in phase with the applied
voltage, as shown in part 1,3 of the figure. Thus
the capacitive current leads the resistive current i

. by 90°, and the resultant current, or line current,
is thei vector sum of these two currents. In part
A of figure 88, foldout 6, the current through the
resistance, IR, is laid off as the horizontal vector,
and the current through the capacitance, Ie, is

laid off ,as the vertic:A vector. The le vector is
laid off in the positive direction because this cur-

9#
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rent leads the resistive current, 11j, I his vector

is taken as the reference because it is in phase
with the applied volcage and represents the direc-

tion of the applied voltage. The resultant vector,
IT, represents the ,total circuit current, and the
angle this Vector makes with the horizontal vec-

tor, In, is the phase angle, 0. Thus, the line
current is said to lead the applied voltage by the

angle O. since by conventional rotation. the IR
vector follows the IT vector. Refer to part B
of the figure. The phase angle is given by the
relationship shown below.

= arc tan Xc

This is exactly the same as the relationship for
the phase angle in a series circuit.

17-33. The magnitude of the line-current vec-

tor, IT, must always be greater than either In
or re because it is the 'hypotenuse of a right
triangle. In cases where a knowledge of the

phase angle is 'not required, the total circuit cur-
rent can be computed by means of the formula

below.

IT = + IC*

As in direct current cicduits, the total current in
a parallel RC circuit is always greater than the
current in any individual branch circuit. By ex-
tension, the total impedance of the parallel RC
circuit is always less than the impedance of any
constituent branch, as inferred by the relationship

shown below. 30

Z174
Zer 7,1 + 74

17-34.. Power in Reactive Circuits. In DC cir-
-----cuit analysis, the amount of power, absorbed by

a resistor br by the resistance of a circuit is deter-
mined easily and simply by means of Joule's law,

P

where all symbas have been previously defined:
Since the voltage drop across a resistor, R, is
equal to IR, the equation sho4n above can be
resolved into

P = IR X I
= E I

These equations for determining power in DC
circlits are general and can be applied to any
DC circuit.

17-35. In AC circuits, the determination of
power is a more complicated process. Since both

current and voltage vary with time, the proddct of

the instantaneous values of voltage and current,
e and i, is also a function of time, and is called
the instantaneous power, p. If the AC circu'it is

strictly resistive in nature, the instantaneous
values of current and voltage are in phase with
each other; hence, the power can be calculated

as follows:

P = (+i) (+e)

and

P = (-0 (e)

The power delivered to the resistive circuit is al-

ways poSitive inign, which indicates ,that the
energy is dissipat in the resistor in the form of
heat and cannot be returned to the source. In
figure 89, foldout 6, the plot of power in a resis-
tive circuit shows that the instantaneous power,
p, goes through two cycles during the period of
one voltage or current Cycle..

17-36. Apparent port4r. When an alternating
voltage is applied to a purely capacitive circuit
element, there is an immediate current flow, but

the corresponding capacitor voltage is not totally
developed until 90 electrical degrees later. Refer

to figure 90', foldout 6. Duriugthe first 900,
the current is decreasing in amplitude while the
voltage is increasing in amplitude; however, both
the current and voltage are positive in sign. The
resulting power developed is calculated generally

as follows:

P = (+1) (+e) =

This relationship shows that electrical power is
being drawn from the source to charge the ca-

pacitor.
17-37. During the interval from 90° to 180°,

the voltage across the capacitdr is still positive but
decreasing in value. The current, on the other
hand, 'is increasing in amplitude but in the nega-
five direction. The ...resulting power developed in

the circuit, calculaied in general terms, is as 61-

lows:

98

P = (-0 (+0 = P

The designation of negative power indicates' that

power is being returned topic source during this
(interval. A little reflection on the subject of ca-
pacitive reaction shows that as soon as the volt-

age across its terminals begins to decrease; the
capacitor will discharge into the circuit jn an ef-
fort to maintain a constant terminal voltage.

Therefore, it must be true that during the 90° t9...
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1800 interval the capacitor is returning energy
to the source which it absorbed during the 00

to 900 interval.
17-38. The area under the positive loops of

the power curve is a measure of the power de-
livered to the load. The area under the negative
loops is a measure of the energy returned to the

source, without doing any useful work. In a cir-

cuit'containing a pure capacitance, the area under

the positive loops equals the area under the
negative loops, so thal the net energy delivered

to the capacitor by the generator is zero. The

power asiaciated with reactive circuit elements is

called reactive power or apparent power (P.),
and it expressed in terms of volt-amperes; mathe-
matically this relationship is shown below.

P. = 1E volt-amperes

In other words, the power that is returned to the
circuit by the reactive components in the circuit
is known as reactive power.

17-39. True power. When an alternating cur-
rent is applied to a resistance-capacitance circuit,
two facts should become apparent to you. First,
whatever voltage exists across the resistor will
cause a corresponding current 'through the resis-
tor; therefore, power is converted to heat in the

resistor. Secondly, there is a veryrdefinite phase
angle between current and voltage that is seldom,
if .ever, exactly 90 electrical degrees. These two
factors show that some electrical power will be
'expended in an RC circuit by the resistor as +P,
and some electrical power will be returned to the
source by the capacitor as P. The power as-
sociated with a resistive circuit element is called

the true power or real power and represents the
actual rate of doing work. True power is ex-
pressed in watts and may be determined by the
following formula:

TP = PR

17-40. Power factor. In reactive AC circuits,
the relative,,,amounts of apparent Power and true
power are an important consideration from the
point of view of efficiency and circuit design.
The ratio of true power to apparent power is
called the power 'factor of the circuit; it is ex-
pre,ssedin mathematical terms as follows:

Power factor

pf =

-true power
apparent power

P.
PR
lE

17-41. It is important for you to realize that

a power factor close to 1.00 (100 percent) is

99

generally to be desired for all reactive AC circuits
using appreciable power, since this means that the
circuit is very nearly resistive in character. A low
percentage power factor figure, means that there

is a large discrepancy betweevalues of the
voltages and currents in the circuit and the actual
values needed to perform the work desired.

, 17-42. Inductance. In the analysis of resistive
circuits, any opposition to the flOw of electrical

current was termed resistance. The current in a
coil may be compared to an object in motion,

(-such as an automobile, which is retarded by
wind resistance and' by friction between the tires
and the surface of, the road. With a constant
voltage applied, currentt rough a coil ilimited
only by the resistance the coil wire. f,' how-

ever, the current through a coil is interrupted
suddenly, by opening a switch for instance, a
considerable spark will jump the contacts of the
switch as ,it opens. Opening the coil circuit is
somewhat like suddenly stopping an automobile
in motion. From Newton's first law of motion, it
is known that an object in motion tends to remain
in motion, and a considerable amount of force
must be exerted to bring the object' to a stop.
For instance, if a speeding automobile were
'stppped suddenly by a stone wall, the momentum
that tended to keep the car moving would be ex-
pended by demolishing the automobile and gen-
crating heat.. In the case of the coil circuit being
Iuddenly opened, particularly.one carrying heavy

current, the apparent momentum of the current
meeting, the abrupt high resistance of the open
circuit produces a high voltage and dissipates it-
self as heat in the form of a spark.

17-43. Furthermore, Newton's first law of
motion states that an object at rest tends to
remain at rest unless acted.upon by an external
force. For example, an automobile must exert
considerable force to produce the initial move-
ment of the machine. After the car has reached
cruising speed, theronly force necessary to keep

it moving is the force used to overcome friction.

In a like manner, an electric currant through a
coil cannot be started instantaneously; there is a

delay in time between the application of the
voltage and the rise of current to its full value.
In a coil circuit, electrical current' seems to posh
ses inertia as well as momentum.

17-44. Counter electromotive force. In the

analysis of an induced electromotive force previ-
ously considered, you were shown that the mag-
nitude of the EMF induced in a conductor of
unit length depends upon the number of flux
lines cut per second. Since there is not neces-
sarily any movement of the conductor or of the

lines of force in self-inductance, the rate of
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change of the flux density is equivalent to physi-
cal movement of the. condu4ctor. Bni, as already
discussed, the flux deniity about a conductor is
directly proportional to the current in the con-
ductor; the force setting up the flux lines is equal
to 0.4irnI. Since 0.41r, or 1.26, is a constant
factor, the factor nI is called the ampere-turns.
Any change in current changes the ampere-turns
factor nI and, consequently, the flux density.
Therefore, the magnitude of the self-induced
EMF or counter electromotive force dePends 4i-
rectly upon the rate of change of the current in
the circuit. Thus, -a rapidly changing current
indnces a greater counter EMF than a slowly
changing current.

17-45. The EMF self-induced in conductor-
carrying current is a counter electromotive force.
This was deduced by Lenz from the principle of
the conservation-of energy. If the self-induced.
EMF were not a counter EMF, then an increase
in circuit current would aid the applied voltage
and would thus tend to increase the circuit cur-

., rent. This process would continue, of course,
until the circuit current reached an infinite
valuea condition not possible in the physical
universe. Lenz's law states that an induced EMF
always has such a direction as to oppose the

- action that produces it. Thus, when a current
flowing through a circuit is varying in magni-
tude, it produces a varying magnetic field which
sets up an induced EMF that opposes the current
change producing it, namely, a counter electro,-
motive force. In an electrical circuit, the char-
acteristic property of the circuit that tends to
'prevent a change in the value of the electriCal
current flowing in it is called inductance, and is
directly comparable 'to the inertia dr physical
objects.

circuits, as constructed, do not always perform in
accordance with calculations, because of inter-

.- acting magnetic fields. Since these fields are in-
visible, it is, rather, difficult to place inductors,
even the shielded types, so that they will ,not
interact: Quite often a mounting space is chosen,
and a hole is chilled in the chassis to permit
wiring into the circuit; upon completion, the cir-
cuit is -energized and set into operation. A suit-
able detecting or indicating device is then con-,
nected into the circuit to measure the reaction of
the coil. The coil is rotated slowly as the indica-
tor is observed for the desired indi ton, usually
minimum field interaction. The i ductor is then
held in this position, and the mou ting holes are
marked. This procedure is followed by the dr
ing of the chassis, and the permanent mount
of the indtrctor. As long as the magnetic fields of
the various inductors used do not interact with
each other, the actual performance of a series,
parallel, or series-parallel circuit will approxi-
mate its calculated performance.

17-48. Series inductance. The total induct-
ance, LT, of inductors connected in series with
each other is the sum of the individual induct-
ances in the circuit, provided their individual
magnetic fields do not interact with each other.
Mathematically, this relationship is expressed as
follows:

17-46. The henry. The magnitude of the
counter electromotive force opposes the applied
voltage by, the product of the inductance bf the

= coil and the change in current with change in
time. The greater the CEMF produced in the
circuit, the greater the opposition to a change of
current in that circuit. 'Therefore, the CtMF
produced by a specified change in circuit 'current
is a measure of the inductance of the circuit,
expressed in henrys. A' circuit has an inductance
of 1 henry when a current change of 1 ampere
per second causes a counter electromotive force
of 1 volt to be induced in it. Since the he+
is defined in practical units, the factor 1 X
10-8 must be used if the CEMF i§-,to be ex-

, pressed in volts and the rate of changt,e of current
in amperes per second.

17-47. Inductive Cirwits. Inductofs, like other
circuit elements, can be connected in series, par-
allel, and series-parallel circuits. However, the

.10 100

,
LT = L2 + Lt

Observe the similarity between This equation and
the equation for calculating the total resistance
of a series circuit.

17-49. Parallel inductance: The total induct-
ance, LT, of inductors connected in parallel with
each othei is calculated by using the relation-
ships shown below.

kltv

LT Lt or 1

Li -1- LT 1 1 1

Ls

These formulastare based on the assuriiption that
the magnetic fielcli cif the inductors do not inter-
tiCt with each other. The similarities between',
these equations and the parallel resistance equa-
tions should be obvious to you. The generaliza-
tions resulting from these equations follow the
same pattern as the comparable equations for
resistors in parallel circuits. ,

17-50. Inductive CircuitsDirect Current. In-
ductors are more widely employed in direct-cur-
rent circuits than are capacitors, chiefly because
inductors are used in electromechanical devices
such as motors, generators, relays, and automatic
recording mechanisms. They are widely used in
conjunction with resistors to form a variety of .
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electrical and electronic circuit fUnctions. Cir-
cuits that contain only ,resistance and inductance
are called LR circuits. .

17-51. Growth cycle. Refer to part A of rig-
ure 91, falout 7, which shows 'the LR circuit
shorted by switch S. As long as the switch re-
mains in the position shown, no voltage will be
applied to the circuit. Assuming that the- switch
-has been in this position for a long period of time,
there will be zero current in the circuit and zero
voltage across the LR circuit. Operation of switch
S will transfer the LR circuit from the short cir-
cuit to the battery and stare the inspection inter-
val. Considering only the indlictor at this titne7
yo know that the applied electromotive force
te ds to establish an electrical current through the
inductor winding. This same current produces a
magnetic field, which, in turn induces a counter
electromotive force that opposes the action of the
applied electromotive force. Since the applied
and counter electromotive forces are in opposi-
tion, the trend is toward mutual cancellation.
Complete cancellation ' of the. applied EMF
is never accomplished, however, because the
CEMF and the coil current establishing that
value of CEMF 'are both dependent upon the
applied EMF. In view of this behavior; the
circuit current will remain at zero during the
initial closure of the switch. According to the
laws applicable to series circuits, the current in
one pc-t;on of the circuit is always equal to the
current in other portions of the same circuit.
Since thecircuit4current is zero during this initial
moment, the voltage drop across the resistor must
4Iso be zero by application of Ohm's law: The
aata gained from these observations show that,
at the instant the switch is operated, the full
value of the applied electromotive force is de-
veloped across the inductor winding, the voltage
across the resistor remains aczero volts, and the
current through the series cirpait remains at zero.
This data is shown in the graphs of parts B and C

*of figure 91, foldout 7.
17-52. /kg the current through the circuit be-

gins to increase with time, a corresponding volt-
age is developed across the resistor, as shown by
the solid line in part C of the figure. The voltage
across the inductor winding is decreased by the
same amount in conformance with Kirchhoff's
laws. The net result is that the voltage across the
resistor increases with increasing current, while
the voltage across the inductor decreases with
increasing current. At some point in time the
circuit current will reach its maximum practical
value, and the voltage will be dis,tributed in such
a manner that all of the applied voltage appears
across the resistor and none appears across thev
inductor.

6,
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17-53. When a DC voltage is applied to a
pure resist nce, the current is said to rise im-
mediately to its maximum value. But if an in-
ductor is placed in a DC circuit, the rise in
current through the inductor is retarded by the
counter electromotive force. The current rises
rapidly at first and then gradually tamrs off to
its maximum value, as shown id figule 92, fold-
out 7. An analysis of the curve reveals that it is
exponential in nature. Along the horizontal axis
of the graph, Iiine is divided into equal incre-
mental units. In the first incremental unit of
time, the current through the inductor rises to
63.2 percent of its maximum value; the current .,

must rise "an additional 36.8 -percent before
reaching its maximum value. In the seconcHn-
cremental unit of time, the cuirent through the
inductor will rise another 63.2 percent. Thus at
the end of the second incremental time period,
the corrent has risen to 63.2 + '23.2 = 86.4
percent of ,its maximum value. The inductor
current will rise 63.2 percent of the remaining
distance to the maximum value during each in- -

crementiti time period. Theoretically, in such a
progression; the current would never reach a
maximum value because it would always be
increasing 63.2 percent of she remaining distance
for each succeeding time periOd; but for practical
purposes, the inductor current ii' considered to
have reached a maximum value when five time
periods have elapsed.

17-54. Decay cycle. Assume that the circuit
has been energized for a long period of time so
that steady values of currents and voltages are -
attained, as shown in part A of figure 93, foldout
7. If switch S is now operated, the LR circuit
will be transferred horn the battery to the short
circuit. Several reactions will all occur simul-
taneously during this instant/ First, the applied
electromotive force will be removed from the LR
circuit, and the circuit current from the battery
source will cease. Secondly, the magnetic field
established by the inductor will collapse because
there is no longer any magnetizing current. The
collapsing magnetic field, however, induces a
voltage in the inductor winding. This new in-
duced voltage will be a new counter electromo-
tive force induced in such a direction as to main-
tain the same current* amplitude and direction
that it previously had.. The induced current now
becomes circuit current and, as siich, flows
through resistor, R. As a result of this circuit
current, a voltage is also present across the re-
sistor; refer to parts B and C of the figure.

17-55. The direct current through the inector
cannot fall immediately to zero as it e1d in a
purely, tesistive circet. The self-indu ion of the



coil operates to maintain a steady current flow..
Figure 94, foldout 7, shows a graph representing
the manner in which the current decays with'
time as it flows through 'the LR circuit. This
curve is the inverse of that shown'in figure 92;
that is, it has the same gen'eral shape, but it is
decreasing instead of increasing. The LR circuit
current decreases 63.2 percent of .its remaining
value per incremental time period. This process
continues for five equal increqental time units.
After that., the current is considered to be zero..

17-56. LR time constant. Thenecurring 63.2
percent of maximum rise or fall of inductor cur-
rent in a fixed *unit of time is called the time
constant of the circait. The larger the value of
inductance, the longer the unit of time necessary
fol.' the circuit current to rise to a value that, is
63.2 percent of its maximum value. The larger
the value of the resistor in the circuit, the
smaller the final value of circuit current; hence,
a shorter 'time is required for the same circuit to
reach the 63.2-percent point on the curve. On
the basis orMis information, the LR time con-
stant T. expressed in seconds, is equal to the
quotient of the inductance L and the resistance
R, expressed in henrys and ohms respectively.
This information is stated in a mathematical
equation as follows:

T = seconds

17-59. By Kiichhoff's law it is known that the
algebraic sum of the voltage drops around any
closed circuit is equal to zero. Thus,

E.,11.4 4- ECCIff =
E:n11.1 = -Emit

17-60:-Inductive phase angle. In any purely
resistive circuit, the voltage and current are said

. to be in phase. Figure 96, foldout 7,' shows a
resistive circuit and illustrates graphically be in-

! phase relationship of a sinusoidal voltage, and
current across the resistance. From the graph,
you can see that the current .and voltage are
alternating together at the same frequency. Cur-
rent rises as the applied voltage rises and is

maximum when tile applied voltage is maximum.
Current decreases as the voltage decreases and
crosses itie zero axis at the same time that the
voltage crosses that axis.

17-61. In any circuit containing both induct-
ance and resistance, there is a 900 phase shift
between the, voltage and current across the in-
ductance and no phase shift between the voltage
and current across the resistance. But it must be
emphasized that in any series circuit, the current
is the same at all points. Since the current is the
line of, reference for both the inductance and the
resistance, the voltage across the r6sistor is in
phase with the current through the resistor. The
voltage across, the inductor is ,900 out of phase
with tile current through The inductor. ..lerefore,
it follOws that the voltage across the inductor is
90° out of phase with the voltage across the

Nresistor; refer to part B. figure 97, foldout 7.
Thiis, the action of an alternating current injected_
into a series LR circuit results in two separate
voltage drops that are 90° out of phase .with
each other. The,resultant sum of these two, volt;
ages equals the total voltage drop in the whole
circuit, and by Kirchhoff's law is equal to the
applied voltage.

17-62. The amount of phase shift of current
and voltage in such a circuit is measured, not
with relation to the voltage across thl inductor
alone (always 900), but with relation to the ap-
plied voltage. Theapplied voltage and the phase
angle, I?, of any LR circuit may be determined
by means of vectors. In part A, fiiure 98, fold-/
out 7, the voltage'across the resistance is laid off
along the horizontal vector and the voltage
across the inductance along the vertical vector.
Since these two vohagei are 90° out of phase,
the phase angle between them is a right angle.
By completing the parallelogram, indicated by
the dotted lines in part A of the figure, you can
see the resultantivector, E. is the hypotenuse of a

Then .1,Ny the Pythagorean theorem

, r

17-57. The time constant of a circuit is a
measure of how rapidly the voltages and currents
in an inductance-resistance circuit can respond to
changes in applied voltage or current amplitudes.
A smalr time constant permits the circuit to ad-
just very rapidly to changes in circuit conditions;
whereas, a large time constant causes the circuit
to respond more slowly. The slope of the current
growth-decay curve can be changed to almost'
any desired angle.

17-58. Inductive CircuitsAlternating Cur-
rent. Inductors used in alternating-current circuits
exhibit thet same behavior as they do when
placed in direct-current circuits. One of the rea-
sons that they- seem to react differently is that
the alternating current is continuously changing
in amplitude; as a result, 'the inductor is never
permitted sufficient time to exhibit the character-
istic exponential behavior observed in direct-cur-
rent circuits. In part A of figure 95, foldout 7, a
sinusoidal voltage is applied to a pure inductance.
The current through the inductor, also follows
the sinusoidal voltage, but as you lie already
concluded, there is a delayed curre e re-
lationship. The delay between voltage and cur-
renvis called phase shift.

1'

/right triangle.
(-7dio2
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E' = .ER3 + EL'

E

This is tke first of two jmportant relationships to
be derived from the parallelogram of forces laws.

17-63. From the previous discussion, the cir-
cuit current is known to be in phase with the
voltage across the resistance; therefore, the posi-
tion of the current with relation to the applied
voltage is the same as vector ER, the voltage
across the resistance. The phase angle, 0, is the
angle that the applied voltage vector, E, makes
with vector ER, as shown in part A of the figure.
The angle 0 may be measured in terms of any
of its trigonometric functions depending on the
values known; however, the most useful and con-
venient is the tangent. Substittuing the voltage
relationships for the more general mathematical
relationships, the tangent of the angle resolves
into

tan 6 inductive voltage
resistive voltage

EL
ER

17-64. Therefore, if the voltage across the re-
sistance is large with respect lb that across the
inductor, the resultant vector wql approach the
horizontal vector, and the phase angle will be
small. In a like manner, if the voltage across the
resistor is small with respecrto the .voltage across
the inductor, the resultant vector will approach
the vertical. In this case, the phase angle will
ipptoach 900. Hence, the- preseite of resistance
in an inductive circuit causes the current to lag
the,applied voltage by some angle lesS than 909.

17-65. Inductive reactance, XL. The oRposi-
don offered to a specific change of current 5-y an
inductance is measured during any given instant
in terms of the counter' EMF, the voltage that
opposes the applied EMF. In DC circuits, how-
ever, any opposition to current flow is termed
resistance and is measured in ohms. In AC cir-
cuits, it is also convenient to measure inductive
opposition in terms of ,ohms rather' than in terms
of volts or counter EMF. This tyne of alternat-
ing-current opposition is called inductive react-
ance, and is assigned the symbol XL to distinguish
it from the opposition due to a resistance.

17-66, The Inductive reactance equation

XL = 2

specifies that the inductive reactarice of an in-
ductor is .equal to the angular velbcity of the
sinusoidal waveform times the inductance of the
inductor. Take special notice of the term
finusoidal in the previous statement; this equa-

tion is valid if, and only if, the driving source is a
sine wave in nature. If the AC,waveform is not
sinusoidal, this equation cannot be employed.

17-67. Impedance. In any series circuit con-
taining both inductance and resistance, the total
opposition offered by the circuit is not the simple
arithmetic sum of the inductive reactance, XL,
and the resistance, R. The inductive rctance
must be added to the resistance in manner that
takes into account the degree of phase diffetence
between the two voltages in the circuit. The,
applied voltage, ET, can be calculated from the
knowledge oNhe component voltages EL across
the inductance and ER across the resistor, using
the relationship below.

= V EL + ER'

These voltages can be calculated on the basis of
al, for the inductor add IR for the resistor;
direct substitutions of these quantities in the .pre-
vious equation yields

E;r- = V OXL (ilt .

Expansion and factoring produce the following
equations:-

ET pRf

= VP(XLs + 1r)
= Vis + Xt.'
= I VR8 + XL'

The opposition which the circuit offers to the flow
of electrical current is the ratio of the voltage,
Er, to the circuit current, I.

ET = VR' + XL'

-The symbol used to denote the total opposition
of a circuit,to the flow of alternating current is
the impedance symbol, Z; by substitution, this
yields
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Z = V R' XL:

Thus, the impedance of a series LR circuit in
alternating-current circuit applications is equal to
the square root of the sum of the squares of the
resistance and the inductive reactance.

17-68. The same result may be obtained More
readily by means of vectois. The voltage across
the resistance, ER, is equal to IR, and the voltage
across the inductor, EL, is equal to IXL. Since
each vector represents. a product of which cur-
rent is a common factor, the vectors may be
laid off proportional to R and XL and separated
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by 900 as shown in figure 99, foldout 7. The
resultant vector, Z, is the hypotenuse of a right

triangle, and it represents the impedance
of the circuit, given by the relationship
Z = VR2 + XL2. Vector representation also
provide, information relative to the phase angle.
Usually, the phase angle of the circuit is calcu-
lated on the basis of tAe tangent or cosine of
the angle because this is usually the type. of in-
formation available from the circuit itself; how-
ever, there is no reason wh}i other trigonometric
functions cannot be used just as appropriately.

17-69. Parallel LR Circuits. Part A, figure
100, foldout 7, shows an inductance, L, and a
resistance, R, cbnnected in parallel across an AC
source. In a circuit of this type, the voltage across
the inductance is equal to the voltage across the
resistance, and this voltage is the same as the
applied voltage. Therefore, ill voltages in this
circuit are in phase with each other. However,
the current through the inductance lags the ap-
plied voltage by 90°, and the current through
the resistance is in phase with the applied volt-
age. Refer to part, B of the figure.. Thus, the
current in the inductance 'lags the current in the
resistance by 90°. The resultant current, or line,
current, is the vector sum of these two currents.

17-70. In part C of figure 100, foldout 7, the
current through the rdistance, In, is laid off as
the horizontal vector. The IL vector is laid off
in the negative direction because this current lags
the current in the resistance. The In vector is
taken as the reference vector, because it is in

phase with the applied voltage, which is com-
mon to both branches of the circuit. Now, as in

any circuit, the current in the resistor is equal to
the voltage across the resistor divided by the re-
sistance.

In =

The current in the inductor is equal to the yolt-
age across the inductor divided by the inductive
reactance, XL. It can be stated mathematically as

IL =
Xt,

17-71. The resultant vector, IT, represents\be
total current in the circuit, and the angle this
vector makes with die horizontal is the phase an-
gle, O. The angle 8 is the angle that the line cur-
rent makes with relation to the applied voltage,
since, as shown in part C of figure 100, foldout
7, the direction of the applied voltage is the
same as that of the vector I. By convention,
vectors are rotated in a counteiclockwise direc-

tion; since the IT vector follows the E vector, the
line current is said to lag the applied voltage by
the angle O.

17-72. In the analysis of parallel LR circtiits,
the reference vector is usually the applied voltage
vector instead of the current vec,tor. The reason
for' this is that the voltage across the parallel cir-
cuit is the same across .all branches.

17-73. Power in Reactive Circuits. Power in
reactive circuits has already been discussed in
the previous section, that is, true power versus
apparent power and power factor. The principles
discussed are equally valid for inductive circuits
with the exceptions that are to be discussed in
the following fel paragraphs.

17-74. When an-alternating voltage is applied
to a purely inductive circuit element, the circuit
voltage is developed across the coil immediately
upon application of the source energy; however,
the corresponding coil current is no,t deVeloped
until 90 electrical degrees later. Reference to
part B of figure 101, foldout 7, will show that
during the first 90°, the voltage is increasing and
is positive in sign, + e, while the current is de-
creasing and is negative in sign, i. The result-

power developed can be calculated on the

following basis.

Power = (i) (+e) = p

Accordingly, power is being returned to the
source as indicated by the negative sign. During
the next 90° interval, the voltage is decreasing
in value, but it is still positive in sign. The cur-
rent is increasing in value, and its sign is j:los-
itive. -Following the same procedure as before,
the calculation yields

. Power = (+1) (+e) = +p

, Tlie result indicates that power is being absorbed
from the source. Thus, the inductive power curve
has, both positive and negative loops. Com-
parison of the capacitive power curve with the
inductive power curve shows that the two curves
are opposed to each other.

17-75. LCR and Resonant Circuits. In pre-
vious sections of this chapter, the fundamental
properties of resistive, capacitive, and inductive
circuits were discussed to show their behavior (a)
as pure circuit elements and (b) as circuit
elements in combination with a resistance. A
knowledge of the principles of these circuit ele-
ments is especially important to an understanding
of this section; therefore, it is important for you
to review ,these principles before attempting to
understand this portion of the text.
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17-76. The four basic relationships betWeen
voltage and current are itemized as follows:

a. The current flowing through a resistance is
in, phase with the applied voltage.

b. The current flowing through an inductance
or a capacitance is out,.of phase with the
applied voltage.

c. The current flowing through an inductance
lags the applied voltage by 90°.

d. The current flowing through a capacitance
lead0e applied voltage by 900 .

17-77. LCR circuits. All circuit elements pos-
, sess some distributed characteristics. For exam-

ple, a resistor n6-ler contains pure resistance with-
out some traces of inductance and capacitance.
The discussion of inductance and inductive cir-
cuits definitely indicated that a certain amount of
resistance and capacitance are unavoidably pres-
ent in an inductor. By the same token, a cer-
tain amount of resistance and inductance is pres-
ent in a capacitor. Therefore, circuit elements
are never pure entities in themielves; they always
contain their primary or lumped characteris-
tic, which dominates the circuit, and small dis-
tributed characteristics in trace amounts. De-
pending upon the nature of a particular circuit
and its application, the distributed characteristics
are accounted for in a circuit by including the
symbol of the distributed element as a lumped
constant within the equivalent circuit. An induc-
tor, for example, contains distributed capaci-
tance and resistance. The resistance is present,
no matter what frequency is applied; hence, you
must account for the resistance of the coil by
including an imaginary lumped resistance in
series with the inductor winding for calculation
purposes. The frequency of the input voltage or
current determines the importance of the distrib-
uted capacitance of the coil; for higher frequen-
cies, this factor cannot be ignored. Distributed
capacitance can be accounted for by placing a
capacitor in series with the coil. The capacitance
value must be equal to the distributed capaci-
tance of the coil.

17-78. From your studies of the two previous
sections, you should recall that an inductor causes
the circuit current to lag the applied voltage,
while a capacitor causes the current to lead the
applied voltage. It is reasonable to expect that
an interchange of electrical forces will .cause a
certain amount of cancellation between leading
and lagging currents and thereby produce no pre-
dominant characteristic. This characteristic will
be either leading or lagging, depending upon the
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relative values of the inductor with respect to/
both the capacitor and the frequency of the
source voltage. Assuming that a capacitor and
an inductor are present in a given circuit and
assuming that the reactadce of .the capacitor is
smaller than the reactance of the inductor, the
reactance of the capacitor will cancel an equal
amount of inductive reactance. This leaves the
remaining inductive reactance in control of the
circuit current. In a series circuit, the current is
always governed-by the circuit element that has
the largest impedance.

17-79. When you are analyzing LCR circuits,
remember that resistances can only be directly
added to or subtracted from resistances; likewise,
reactances can only be directly added to or sub-
tracted from reactances. At no time can resist-
ance and reactance be added together without
taking the phase angle into consideration; hence,
reactance and resistance can be added together
only in quadrature. In relation to the preceding
paragraph, this means that when analysis of
LCR circuits is required, the capacitive reactance
is always subtracted from any inductive reactance
contained in that branch of the circuit. The re-
sulting reactance is then added in quadrature to
the resistance of the circuit to obtain the circuit
impedance.

17-80. Resonant ciiruits. Suppose that a var-
iable-frequency generator and a suitable indicat-
ing device are connected to an LCR circuit,
which may be either a series, parallel, or series-
parallel circuit. As the frequency of the genera-
tor is changed, there will be one frequency that
will tend to highly accentuate either the circuile
current or the circuit yoltage distribution. The
circuit, at that single frequency, is termed a reso-
nant circuit, and the frequency creating the ac-
centuation of voltage or current is called the res-
onant frequency. Both conditions must exist
simultaneously for resonance to occur; that is, no
circuit can be considered resonant unless the res-
onant frequency is applied to the circup The
frequenly of the generator is never the resonant
frequency unless it is applied to a circuit that is
resonant at that frequency. If any other fre-
quency is applied to the circuit, the circuit will
not exhibit resonant-frequency characteristics. If
the circuit is energized by the resonant fre-
quency, and if any of the reactive circuit elements
is changed, the circuit will .no longer be res-
onant, and the generator frequency will no
lOnger be the resonant frequency of the 'circuit.

17-81. Conditions for resonance. The reactive
circuit elements are responsible for the condition
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kfloviit as resonance. Resonance occurs at the
frequ'ency that causes the inductive reactance of
the.circuit to be exactly equal to the capacitiye
reactance of the circuit; mathematically

l' XL, = X0
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This relationship indicates that the phenomenon
of resonance is unaffected by the type of circuit
in which the inductor and capacitor are located,
that is, whether in a series, parallelr or series-
parallel circuit.
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CHAPTER 7 /61/

) .

Solid State Control Circuits

IN CHAPTER 6 you studied cert?in. principles
and laws pertaining to electrical circuits. In

this chapter, these principles will 1,f used to ex-
plain the operation of magnetic devices, semicon-
ductors, and related circuitry.

2. 'The magnetic device..< we discuss are mag-
netic amplifiers and transformers. "Mag amps,"
the common term for magnetic amplifiers, are
covered from the construction and theory of op-
eration point of view; plus, "an application of a
"mag amp" operating in a simple voltage regu-
lator circuit is shown.

. 3. Of the many solid-state devices in use to-
day, the aircraft electrician is mainly concerned
with crystal diodes and transistors. The discus-

- sion will be directed towards basic operation and
application of these devices.

18. Magnetic Minikes
18-1. For many years, engineers have used

magnetic devices in the control and transfer of
energy in electrical systems. However; these
magnetic devices have usually been large and
used only in commercial power production sys-
tems. With the advent of AC power systems for
aircraft, magnetic devices have been refined and
reduced in size and are now used as voltage and
frequency control units. Magnetic devices have
proven to be more reliable and require less power
to operate than voltage and frequency units that
use electron tubes. As aircraft electrical systems
are improved, more aiid more magnetic de-
vices will be used.

18-2. Certain fundamentals must be explained
before discussing magnetic devices, and we

'will start with magnetic circuits. Magnetic cir-
cuits are comparable to electron cituits; there-
fore, a good knowledge of electron theory will
be a great help toward your understanding mag-
netic circuits.

18-3. Magnetic Circuits. The laws that apply
to a magnetic circuit are similar to the laws that
apply to an electric circuit. It has been shown
previously in this volume that magnetic flux
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forms closed, loops. The-path that magnetic flux
follows, either through air or through a magnetic
material, is called the magnetic circuit.

18-4. In order to produce an electric current,
a voltage (electromotive force) is required. Sim-
ilarly, to produce a magnetic flux, a force known
as magnetomotive force (MMR)- is required.
For a given electromotive foice (EMF), the
amount of current that flows in an electric circuit
depends on the amoun, ot resistance in the cir-
cuit. Similarly, in, a magnetic circuit, for a given
mmf, the amount of flux produced depends on
the amount of reluctance in the circuit. It is evi-
dent that in both the magnetic circuit and the
electric circuit the relationship expressed in this
statement is true. The result produced is directly
proportional to the force that produced it and
inversely proportional to the opOosition encoun-
tered.

18-5. This statement can be expressed for the
electric circuit as

electromotive force (EMF)Current (I) =
resistance (R)

and for the magnetic circuit as

Fl
magnetomotive force (MMF)ux

reluctance

18-6. So far, we have discussed the similari-
ties between magnetic circuits and electric cir-
cuits. There are, however, several important dif-
ferences that we must consider. The resistance ,
is a consfant in an electric Circuit and can be
determined by the ratio of the voltage to the cur-
rent (discounting the heating effect). The reluc-
tanbe, however, is not a constant in a magnetic
circuit but depends on the flux (strength of the
field).

18-7. Another important difference between
an electric circuit and a magnetic circuit is that
a current flows in the electric circuit as the elec-
trons move from .one point to another point. The

,
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Figure 102. Hysteresis loop.

flux does not move in the magnetic circuit but is
merely an indication of the direction and intensity
of the magnetic field.

18-8. When we disiuss magnetic circuits, we
must consider hysteresis and. its effect on mag-
netic circuits.

18-9. Hysteresis. When a piece of iron is _
magnetized, considerable energy, is expended in
lining up the magnetic molecules in the iron in a
definite pattern. For a elven iron core, the flux
density increases along the mirve OA as the mag-
netizing force is increased, as shown in fig-
ure 102. What happens when the magnetizing
force is decreased to zero? The flux density does
not decrease along the AO curve to zero but de-
creases more slowly along the curve AC. As
shown in figure 102, when the magnetizing force
reaches zero, a certain value of flux density re-
mains (OC). This is caded by the residual
magnetism. In other words, the iron continues
to be a magnet even after the magnetizing force
is removed. If, at this point, the magnetizing
force were reversed, the field intensity would be
in the opposite direction, but the flux density
would have the same polarity as *fore because
of the residual magnetism. Now, increasing the
magnetizing force gradually reduces the flux den-
sity along the curve CD to zero at point D
in figure 102. It requires a magnetizing force of
OD to reduce the flux density to zero. Force OD
is called the coercive force.

18-10. As the magnetizing force continues to
increase, the iron core becomes magnetized along
DE (fig. 102) in a direction opposite to its orig-
inal magnetization (OA). At point E, the mag-
netizing force is:again decreased to zero. The
flux density decreases more slowly along the line
EF. By the time the magnetizing Vorce reaches
zero, the flux density has a valuis of OF, which
is equal to OC (fig, 102). This is due to the
residual magnetism in this direction. As the mag-
netizing force is again increased id the original

4,5"
direction, the ,flux density decreases along the
curve FG to lero. If the Magnetizing force con-
tinues to increase, the flux densiti follows the
path GA.

18-11. Note that the flux density of the iron
core does not become zero each time the mag-
netizing force becomes zero. A coercive force is
necessary to reduce it to zero. This Rigging of
the magnetic flux behind the magnetizing force
that produced it is known:as hysteresis. In fig-
ure 102, the entire curve ACDEFGA is known
as the hysteresis curve.

18-12. When the magnetism of an electro-
magnet is reversed rapidly, as in an alternating
current arcuit, the iron core becomes heated, and
considerable energy is wasted in producing this
heat. This loss is called hysteresis loss and can
be considered as a kind of molecular friction
caused by the reversal of the magnetic molectaes
which iron and other magnetic materlapossess.

18-13. Basic magnetic amplifier. The output
voltage of many AC generators is controlled by
a magnetic amplifier type .of voltage regulator.
The magnetic amplifier is a relative simple de-
vice. The construction consists of two or more
coils wound around a circular iron' core.

18-14. Magnetic amplifier \ cores are usually
ferromagnetic material. This Material reacts to a
magdetizing force very quickly; also, ferromag-
netic materials become totally magnetized as a
result of a small magnetizing force. Therefore, a
ferromagnetic core is ideal for magnetic ampli-
fier operation because the core reactj quickly,
and a small foIce is. needed to realize total re-
actia

18-15. The coils around a core are named by
their function. Inpus. or control windings deter-
mine the level of flux density within the core.
Output or load windings determine current flow
from a generating source to a load.

18-16. Once a core has been magnetized to
its maximum value, any additional increase in
the magnetizing force will not increase the level
of flux density. This point is saturationpoint
A or B on figure 102.

18-17. Putting all the above parts together, a
sequence' of reactions with a magnetic amplifier
would go like this.

The control-winding current establishes the
flux density level in the core.

The core reacts to an AC current in the load
minding according to the level of flux density.

The generating source feels the load wind-
ing plus the load and delivers the appropriate
current flow.
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18-18. The key to the whole operation is the
level of flux density. Recall the area in the last



, '
chaptet concerning inductors, CEMF was devel-
oped a an inductor whenever the level of flux
density was increasing or decreasing. At this
point, we are inserting the condition of a con-
trolled level of flux density which limits CEMF
and in turn, limits the opposition the load siinding
can offer the gverating souice.

18-19. To more fully understand the operation
of a basic magnetic amplifier, an example
will be used. Look at figure 103, part A. The
control winding is connected to A DC power
source and a variable resistor. The load winding
is connected to an AC power source and a light
bulb. The objective is to control the intensity
of the light bulb, using the variable resistor.

18-20. The initial conditions are that the DC
power source remains constant, the AC power
source remains constant, the variable resistor is
set at minimum resistance, and the current flow
in the control winding is sufficient to produce
saturation of the core.

DC POWER SUPPLY

/646
18-21. The generating source feels no react- /

ance in the load winding and delivers maximum
current flow to the lamp. Tho intensity of the
lamp is very bright.

18-22. Sliding the wiper of the variable tlesis-
tor from no resistance to full resistance will be
accompanied by a decrease in the inteeity of
the lamp. As the current through the control
winding decreases, the level of flux density- de-
creases. Reactance can now be ielt in' the load
winding and the AC generating source adjusts
its current accordingly. This example is not
usable for controlling voltage outputs of genera-
tors, but the operation shown by this example il-
lustrates the theory of magnetic amplifiers. If
we control the level of flux density, we can con-
trol the reactance within the load winding; result,
we can control current flow from the generating
source to the load.

18-23. Simple magnetic amplifier. Now that
you are familiar with the principles of a magnetic

AC POWER SUPPL

xvw.
DC CIRCUIT RESISTANCE mINImUm
CURRENT FLOW . mAXImUm

CORE SATURATION MAXIMUM
A

AC LINE

AC CIRCUIT XL miNimUm
CURRENT FLOW . mAXIm*Um

LIGHT BRIGHT

STEP DOWN -
TRANSFORMER

HALF WAVE
RECTIFIER

INPUT

OUTPUT

POTENTIOMETER

t 0.0

423S0-1-7-21

Figure 103. Basic magnetic-amplifier circuits.
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amplifier, let us discuss a more practical 9mpli-
fier, such as that shown in figure 103, part B.

18-24. First, let us assign some valuis to. the
circuit and see what happens when the DC in

--the control coil L2 is varied. For simplicity, as-
sume that coil L2 has an input range, variable
from 0 to 30 milliamperes; but the potentiom-
eter is set at midrange, or 15 milliamperes:. The
core is 'magnetized to the pdint where s1 ampere

.input to coil LI results in only 0.25 ampere dut-
put across the load. ,,phat happens if the output
of the control coil LZ is increased while the AC
input remains the same? By increasing the flux
of the core, the inductance (and therefore the
reactance) of coil LI will decrease and the-out-
put of coil Li will increase although the input
to the amplifier reniains the same. If theIDC
in the control coil L2 is decreased, the amount
of flux in the coil is also decreased. This means
that the reactance of coil Ll is increased and
less current will flow to the load, even though
the input to the amplifier remains constakt. Thus,
by varying the output of the control Winding,

"the output of the Amplifier may be increased or
' decreased by decreasing or increasing the react-

SECONO
STAGE

OUTPUT

i
1

i

LOAD1

1

I

1

42350-1-7-122
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anéz of the coil even when the input is held at a
constant value. This type of magnetic amplifier
may also be called a saturable reac , ince the
reactance of the coil is determined by th degree
of saturation of the core.

18-25. The term "amplifier" as used re is
somthing of a misnomer. Nothing is really
piffled. The word "amplifier" really denotes the
control of substantial amounts of Nwer by rela-
tively small voltage or current signals.

18-26. Magnetic Amplifier Voltage Regulator.
Earlier in this section it was mentioned that one

,.of the uses of a magnetic amplifier was in voltage
regulating circuits. Although voltage regulators
are covered in greater detail later in this course,
right now it is important that you learn the appli-
cation of a complete mag-amp circuit as used in
some voltage regulators.

. 18-27. So far, we have considered only cir-
A cults in which the input and, by implication, the

load were held at conStant values. To see the
effect of varying inputs and varying loads, ex-
amine figure 104. Note that several additional
windings have been added to the coil, and there
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Figure 105. Mutual inductance.

are two separate coils which ge referred to jas
the first stage and the second stage of amplifica-
tion. Let us begin with the sensips winding. In
this circuit the sensing winding is afso the control
winding for the first stage of amplification. The
first stage sensing winding is connected to one of
the AC generator phase leads and receives a
signal proportional to the AC value in that lead.
Note that the voltage reference unit is also con-
nected to the AC generator phase lead. Its pur-
pose io maintain a constant reference signal
over a range of generator out&t. The,ref-
erence sign compared magnetically with the
sensing, and the esultant value of magnetic flux,
which is called g erator error, controls the, first
stage output.

18-28. The output o --the first stage is used
to power the control winding of the second stage
and, thereby, control the second stage output to
the load. (Later in this course you will fmd that
the load refers to the exciter field of the genera-
tor.) The first stage magnetic amplifier uses
additional windings which assist in the control
of output circuit.

18-29. The first stage output is fed into a sec-
ond stage DC control winding, which is com-
pared to the bias signal. The bias circuit is very
similar to the reference circuit except that the bias
circuit signal is variable and is proportional to the
voltage in the AC generator phase lead. The
magnetic resultant bias and the first stage output
signals control the second stage outpid voltage.
The second stage is called the power stage, and it
supplies the DC power to the load. The amount
of DC power. supplied to the load determines
the level of output voltage of the AC generator.

18-30. To help maintain system stability,- the
feedback circuit shown in the illustration takes
a rate-of-chango signal from the second stage out-

/put and feeds it into a control winding of the
first stage. This signal is in such a direction as
to oppose any change that occurs because of

transient load conditions. The feedback circuit
may be thought of as a stabilization circuit used
to prevent overcontrol of the circuit. Any time
there is a change in the output of the second
stage, it will be sensed by the feedback circuit.
Part of the change is _sent back to the first stage
where it has a damping effect on the first stage
output. Since the first stage output determines
the second stage output, this damping effect pro-
vides protection against fluctuating output volt-
ages in the second stage.

18-31. Additional damping is provided by the
coupling circuit between the irst and second
stages. The inductor shown in the illustration
senses a rate-of-change signal. A sudden in-
crease or decrease of the load connected to the
second stage will immediately create a signal in
the winding that opposes the change, and thus
tend to damp it out. A slow increase or decrease
will usually not affect the coupling circuit.

18-32. Another, use for magnetic amplifiers
is in frequencr control units. Since there are
many factors that must be considered in these
circuits, such as the relationship between g era-
tors operating in parallel and the effects of -
eqbal load rdivision among them, it will 'est
to discuss these units in the section on AC gen-
erator systems. That section -will also discuss
more complex voltage regulator systems in detail.

18-33. Transformers. There is a need for
many different voltages in modern airplanes.
The:range of these required voltages varies from
3 vOlts up to 1000 volts-or more. With a direCt-
current system, these higher voltages are almost
impossible to obtain, so other means have been
devised to obtain them. To have a separate
source of electrical energy for each of the various
voltages required would result in an extremely
complex power distribution and control syatem.
For this reason, the primary power system voltage
used in airplanes today is somewhere between
the maximum and minimum requirements of the
equipment installed. The voltage is modified by
bne of several means to 'obtain the specified yolt-
age for each piece of equipment. Where the
principal source of electrical energy is a direct-
current generator, lower voltages are obtained
by placing resistance in series with the equip-
ment to be operated. The value of these resistors
is carefully determined so that the correct amoimt
of current reaches the operating unit at its normal
operating voltage. The difference in voltage bel
tween the source voltage and that at jhe operat-
ing udit is dissipated by the resistor ih the fbrm
of heat energy, which, for all practical purposes,
represents a power loss. Where y higher DC
voltage is desired, the low-voltage DC is used to
drive a motor, which, in turn, drives a small
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high--voltage DC, generator. In this transforma:
tion, there are substantial power losses, because
no mechanical device can be frietionless and no
machine is 100 -percent efficient. Then, too,
there is alwayi the problem of insulation on the
rotating member of a high-voltage DC generator
and' the possibility of failure at an inopportune
moment. Practical electrical power installations
today use one or more sources of alternating
voltage. By using some of the 'electrical prin-
ciples covered in the preceding areas, the voltage
is changed to another value by a transformer
whenever a voltage other than source voltage is
required.

18-34. Operation. A transfOrmer is basically
a device that makes possible the transfer of elec-
trical energy from one circuit to another. A trans-
former does net change the form of the applied
energy, but it is capable of changing the values
of the transferred current and voltage to different
values. From the study of electromagnetism and
inductance, you learned that a wire or coil in
which a current flows has a magnetic field about
it, and you also learned that the amount of cur-
rent determines the relative strength of that mag-
netic field. You also learned that if the magnetic
field cuts through a conductor, a voltage will be
induced in the conductor. These are die basic
principles involved int, transformer operation;
hence, it is essential that you thoroughly under-
stand. them. For this reason let us begin with a
brief review of mutual induction and the princi-
ples of transformer operation.,

18-35. If we have two straight conductors par-
allel to each other, ih magnetic field caused by
a current flowing through one circuit moves
across the second conductor inducing a voltage
in it. The first circuit is called the primary (p),
since it is from this source that the magnetic
field is produced. The secdnd circuit is called
the secondary (s), because it is the circuit in
which the voltage is being induced.

18-36: When a curtent begins to flow, build-
ing up rapidly in magnitude from zero to its
maximum value, it produces a rapidly expand-
ing. magnetic field about the primary. Again, it
is important to remember that motion iS neces-
sary to induce a voltage. The motion in, this
case is the.expanding field which cuts across the
secondary, inducing a voltage in it,'as shown in
figure 105. This induced voltage, however, is

an instantaneous action. When the current' in
the primary teaches its maxim* value, the re-
sultant magnetic field is at its maximum strength,
and the magnetic field at this time is .neither
expanding nor collapsing. Thus, the flux is not
moving in relation to the secondary winding, and
no voltage is being induced in the secoadary at

this time. This does not mean that the magnetic
field is not present. The field is still there, since
it is being sustained by the curre6 flow in the
primary. As long as the current flows at a steady
rate, the flux will be maintained at a steady
strength, which resIlts in no field motion and
no induced voltage in the secondary.

1$-37. At this point, you should consider sev-
eral facts.about the polarity relationship between
the primary and secoidary circuits. The instan-
taneous voltage that is induced in the secondary
is of opposite polarity to the voltage of the pri-
mary. This faet has been discussed in the chapter
on inductance. .

18-38. What action would you expect if the
primary circuit were suddenly opened? When the
circuit is broken, primary current must stop. The
primary magnetic field, which is dependent upon
the primary current, must collapse, and in doing
so, must once again move across the secondary.
Since the field is moving across the secondary
wire in the opposite -direction, the induced volt-
age must now be of opposite polarity from what
it was during buildup.

18-39. From this, it can be seen that a trans-
former would be of little value if DC were ap-
plied to' the primary, since a voltage would be
induced only when the circuit was completed or
internipted. On the other hand, if a pulsating
DC Or AC were applied to the Primary, the
magnelt field would be constantly building up
and collapsing, thus continually inducing a volt-
age in the secondary.

18-40. This method of transferring electrical
energy from one circuit to another is known as
mutual induction. As a transformer, a single
straight length of wire would be a poor device
for the transfer of power. The magnetic field

about a straight conductor is weak, d the sec-
ondary would offer only a short len h of wire
in which to induce a voltage. If both the priniary
and secondary were wound as coils, the trans-
ferred voltage would be greatly increaied. Even

i.,ith this refinement, however, the transformer '
would still not operate at maximum efficiency.
With an airgap between the coils, all the flux
that builds'up about the primary would not cut
across the secondary. The flux losses ,in this ar---'
rangement, referred to as flux leakage, would act
to reduce die efficiency of the transformer. To
reduce flux leakage, a suitable core material such
as iron can beinserted between the coils to pro-
vide a low reluctance path for the magnetic
lines of force.

18-41. Transformer Construction. The ab- ,.
sence of moving parts in the construction of a -

transformer makes it a remarkably efficient de-,
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core has a. large cross-sectional area which has
little resistance, large numbers of eddy currents
circulate and pgroduce unwanted heat.

18-47., These problems are overcome by using
thin shats (laminons) of soft iron or a special ,
transforiber steel containing silicon in the con-
struction of transformer ,cores. These. laminations
are oxidized, varnished, or otherwise have their
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flat surfaces treated with an insulation layer.

. Figure 106. Typical power transformer. They are then placed together in such a way
that there is no electrical aontact between them.

vice. When moving parts are eliminated from a A complete transformer core consists of, many of
device, mechanical friction (which is a major these thin laminations stacked together to ptovide
cause of power losses) is eliminated. " a large core area and, at the same time, to re-

18-42. Transformers are designed to keep strict the travel of eddy currentse Eddy currents
electrical power losses to as small a value as still exist, but 'their travel is restricted to a point
possible. These losses may, be divided into two where the resulting heat losses are reduced to a
classes, iron and copper losses. -'mininium,

18-43. Iron losses. Iron losses that occur in
the core of a transfoimer are caused by hysteresis
and eddy currents, both of which have been
mentioned previously. Both factors produce
heat and represent losses that act to reduce the
power output of the transformer.

1844. The first factor to be considered is the
loss caused by hysteresis. Hysteresis in- an iron
core 4neans that the magnetic flux or lines of
force lag behind the magnetizing force that is
causibg them. Friction is caused by the mole-
'cules trying to aline themselves with a constantly
changing magnetic field that is produced' by
changes in the direction of current 'flow through
the primary coil. The friction produces heat,
which ts wasted energy. .,

18-45. When the core of the transformer is
magnetized, the Molecules of the core material
will be alined in one, direction. As the mag-
netizing force decreases to zero, the magnetizing
action leaves the molecules alined in a particular
manner for a period of time. The magnetism
that is left in the core material after the magne-
tizing current has stopped flowing is called resi-
dual magnetism. Whenever AC is used to mag-
netize, the core, whatever residual magnetism is
placed in the core during one half-cycle must be
overcome in the next half-cycle before the polar-
ity of the core can be reversed.

18-46. The second iron loss that must be con-
sidered is that which occurs as a result of eddy
currents. Iron is a fairly good conductor of elec-
tricity, but not as good as copper. When alter- -
nating turrent is applied to the winding around
a solid iron core, a varying magnetic field will
move across the core and induce a voltage in
the core material. This voltage sets into motion
a large number of currents in the core; these are
known as eddy currents. Since the solid iron`

18-48. Copper losses. Copper losses are those
'that occur within the windings of the transformer.
They are due to just bone thing, the heat gen-
erated by the current in the conductors. You
Axed to remember that the resistance Of copper
and most other metallic conductors increases as
the material gets hotter. This means that if the
heat resulting from the iron and copper losses is
allOwed to accumulate, the-Windings will get hot-
ter. The hotter the conductors get, the higher
their resistance becomes, which in turn increases
the power losses due to excessive heat.

18-49. The windings of the transformer are
designed to be as short in length and as large
in diameter as possible to decrease the resistance
and reduce the heat, and thus contribute to trans-
former efficiency. In large power transformers,
the overall loss due to heating is reduced by
special cooling devices; for eiample, oil baths,
radiators, or air blowers. - .

18-50. The total transformer power loss is the
sum of the copper loss plus the iron losses. Be-
cause of these losses the transfromer is not+ 100-
percent efficient; therefore, the actual power
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taken from the transformer secondary winding
will never equal the amount of power applied
to the primary winding.

18-51. Power Transformers. So far, the only
transformers that have been discussed ar those
that have only one secondary winding. Often
there are several secondary windings, each pro-
viding a separate voltage for different purposes.
Figure 106 shows a.schematic diagram of a typi-
cal power, transformer used in many circuits.
Leads on this type of transformer are usually
color coded for easy identification. If the leads
are not color coded, they will be identified by
numbers on the transformer. In either case, the
color code or the numbers will be found on the
schematic circuit diagram for that particular piece
of equipment. .

18-52. Another type of power transformer is
called an autotransformer. This unit is some-
times found in aircraft lighting systems but is
more likely to be found in the electric shop. It
is used to provide a wide variety of voltages for
testing purposes. It is known as the autotrans-
former because the primary and seeillidary wind-
ings are actually one winding. Many of these
units in general use today have the trade name
"Variac." Figure 107 is a schematic diagram of
an autotransformer. The movable secondary tap
enables the user to select a voltage value to suit
his need. It is possible to obtain transformer ac-
tion with such a coil if a connection is made
somewhere along the winding between the ex-

S. ,
..

ill
treme ends. If a. step-up voltage effect is desired,
the Winding between the input leads in the pri-
mary and the entire winding acts as a secondary.
There is a 180° phase shift between primary and
secondary voltages. The core in this type of,
transformer is made in the form of a ring and
the 'Winding is usually in the form of a single-
layer winding covering almost the entire surface.
A manually operated control shaft carries an arm
and u brush that is.so arranged as to make ion-
tact with ea:eh tun of the winding as the contr 1

,shairis rotated, .

18-53. Current Transformers.. Current tr
formers are used for controlling and sensing or-
cuits. When used for this purpose, the trans-
former has no primary winding; the current in
the secondary is induced by the current flowing
through the conductor that passes through the
center of the transfOrmer, as shown in figure
108. You will find many of these transformers
on multigenerator Ae systems. They are used--
in such circuits as voltage regulation, frequency
control, and load protection. They are also used
to furnish sensing current to KW/KVAR meters.

19. Somiconduttors.
19-1. There are !limy solid-state devices used

in the electro'nics field; you will be mainly con-
cerned' with crystal diodes and transistors.

19-2. The operation of crystal diodes and
transistors is based on the peculiar properties of
semiconductor materials such as germanium and
silicon. Semiconductors are materials that are
roughly halfway between the metals and the in-
sulators in their ability to carry current. These
materials are brought to au exceedingly high de-
gree of purity and then "poisoned" by the addi-
tion of very carefully controlled amounts of other
elements. ,

19-3. Semiconductor Operation. The two ma-
terials most generally used for semiconductor
devices are, as we mentioned 15efore, germanium
and silicon.. each of these materials has its own
advantages,,but an explanation of these advan-
tages is beyond the scope of this course. Funda-
mentally, both of these materials react electrically
in the same , manner. When germanium is in its
pure state, it is very nearly an insulator; that is, it
has very few electrical charge carriers. Pure
silicon also is a poor conductor of electricity.
Both of these elements have four-valence elec-
trons. Valence electrons are the electrons in the
outer shill of the atom. Theoretically, they are
more loaely bound to the atom than electrons
ti*r to the nucleus of the atom.

19-4. By the addition of certain very small
amounts of a three- or five-valence electron ma-
terial to the pure germanium or silicon, they take
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Figure 109. Two conditions of bias in a PN rectifier.

on the properties of either an acceptor or a donor
type material. Briefly, the acceptor type of ma-
terial (three-valence electron material added) is
effectively deficient in electrons. This lack of
electrons within the crystalline structure causes
the material to be known as a P type. You may
also hear the word "holes" associated with P
type material.

19-5. The donor type of material (five-valence
electron material added) is effectively overloaded
with electrons. This surplus of electrons within
the crystalline structure causes the material to be.,
known as an N type.

19-6. The flow of electricity in a semiconduc-
tor occurs by means of the free holes and free
electrons in the crystalline structure of the mate-
rial. One very important point to remember
about the theory of semiconductors is that of
space charge neutrality. This means that the
total number of positive charges in any region of
a semiconductor equals the total number of nega-
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five charges under conditions of small voltage
differences within the semiconductor. Thus, we
arrive at a practical point where, by applying
voltages externally, this balalfced charge condi-
tion is upset and current flows.

19-7. PN4unction Rectifiers. When a P type
fegion and an N type region are formed in the
same piece of germanium or silicon, a rectifier
or diode is formed. The boundary between the
P and N regions is called a junction. The P
region is called the anode, while the N region is
called the cathode. The interface between the P
and N materials is called the junction. These
regions and their relationship to each other are
illustrated in figure 109 where two conditions of

bias are shown. When the anode of the rectifier
is made, negative with respect to the cathode, the
rectifier allows almost no current to flow. This
condition is called reverse bias. The thtiory be-
hind this action is that the electrons in the
N region and the holes in the P region aa both

-...--- IT *

s

Figure 110. Zener diode.
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Figure 111. Full-wave rectifier.

repelled from the junction. This leaves no charge
catriers near the junction, and so no electricity
can flow through the rectifier. However, if an
exceedingly high reverse-bias voltage is applied
to the rectifier, the barrier breaks down. This
breakdown, if uncontrolled (too much current is
allowed to flow in the reverse direction), over-
heats and ruins the diode. At the breakdown
point (too high a reverse voltage), -the "leak-
age-current" electrons can gain enough energy to
free additional electrons from the semiconductor
atoms causing what is known as avalanche mul-
tiplication. This means simply that each electron
that moves, under this high voltage collides with
the semiconductor .atOms and frees additional
charge carriers; these add to the total current.
Under avalanche conditions, the PR (power)
developed across the junction may ruin the de-
vice. The word "may" is used because the mag-
nitude and duration of the current are the deter-
mining factors.

19-8. Again referring to %figure 109, note a
condition known as forward bias. The theory
hese is that the electrons in the N region move
across the junction and unite with holes in the
P region. Also, the holes in the P region move
across the junction and unite with the electrons
in the N region. The movement of these nega-
tive and positive carriers across the junction con-
trols the current in an external circuit. The re-
suit of forward bias is considerable current flow
for a small applied voltage. ,

19-9. Zener Diode. A Zener diode is a spe-
cially processed silicon diode that exhibits prop-
erties similar to a gas diode. A graph of the
current through and The voltage across a reverse-
biased diode is shown in A of figure 110. Note
that with a certain value of reverse voltage, the
current increases rapidly while the voltage across
the diode remains almost constant. The voltage
at which this action occurs is called the break-
down or Zener voltage. When the reverse-biased
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diode is used to take advantage of this charac-
teristic, it is called a Zener diode. The break-
down diode can be used as a voltage regulator,
as shown in B of figure 110.

19-10. When' the load current 12 increases
(within limits), the totO current drawn from the
source E/N does not increase. The increased cur-
rent is diverted to the load from Zener diode
CR1; the voltage across the breakdown /diode
CR1 and the load remains almost constant. A
decrease in current 12 drawn by the load causes
a corresponding increase in current Il drawn by
breakdown diode. Under these conditions the
total current IT drawn from the source Ent
remains constant, so that the voltage output Earr
again remains practically constant.

19-11. If the source voltage BIN increases, total
current IT drawn from the source also increases.
The voltage drop across resistor RI increases, by
the amount of increase in source voltage, and
current 11 increases by the amount of increase
in current IT. The load current 12 and the
load voltage Ecorr remain nearly constant. A
decrease in source voltage is compensated for in
the same manner by a decrease in voltage drop
across resistor RI and a decrease in current Il
through the diode.

19-12. The voltage regulator discussed above
is capable of,maintaining a constant load voltage,
regardless of the variations that occur in either
the source voltage or the load current or both.
Depending on, the characteristics of the particu-
lar breakdown diode, the breakdown voltage can
'be any value from 2 volts to 200 volts.

19-13. At this point, let's discuss the differ-
ence between a solid-state rectifier and a solld-
state diode. As you know, both of these units
have a higher resistance to current flow in one
direction than in the other. The main difference
is one of terminology. The rectifier is a unit that
is normally used in circuits handling large
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amounts of electrical power, while diodes are
used in signal type circuits where the power re-
quirements are relatively small.

19-14. Rectifier Power Supplies. The power
supply units that furnish the direct-current power
requirements (other than 28 volts) are full-wave,
bridge, and dry rectifiers operating) above and
below signal ground potential. Four individual
rectifier elements are utilized. Now let's simplify
these statements a little bit. About the best way
tostain a good understanding of full-wave recti-
fication is to follow power through a partial sche-
matic of a rectifier similar to the one used in an
aircraft. Study figure 111 as you follow this ex-
planation.

19-15. The power applied to the primary of
the transformer (T1) is 115 volts at a frequency
of 400 Hz. To follow the direction of current
through the bridge rectifier assembly, we must
assume an applied voltage at some instant. Let's
assume that point 3 of T1 is posi9e4ith respect
to point 4. Thus a positive potential exists at

the junction of CR1 and CR5. A negative po-
tential is therefore applied to the-junction of CR2
and CR6. Electron theory of current noir tells
us that the current must flow from a point of low
potential to a point of high potential. Because of
the unidirectional characteristics of the rectifiers,
current at the junction of CR2 and CR6 can go
only through CR2 (against the arrow). Since
rectifier CR1 acts as an .open, the current must
flow out through the load (RT,) and back to the
junction of CR5 and CR6. The current cannot
flow back through CR6 because of the lower po-
tential at the opposite end of CR6. So, the cur-
rent passes through CR5 and back to the
secondary of T1. This occurs for one-half of a
cycle. On the other half of the cycle, the volt-
ages applied to the junction of CR1 and CR5
and the junction of CR2 and CR6 are reversed.
Now the junction of CR1 and CR5 becomes neg-
ative, while the junction of CR2 and CR6 be-
comes positive..

. 19-16. The negative potential at the junction
of CR1 and CR5 will cause current to flow
through CR1. The rectifier CR5 is biased off at
this time. The rectifier CR2 is biased off so the
current will flow out through the load and back
to the junction of CR5 and CR6. The rectifier
CR5 is biased Off so the current flows through
CR6 and back to the secondary winding of T1.

19-17. You will notice both half-cycles of the
AC input power are utilized, and for both half-
cycles the current...flows in the same direction
through the load. Also, the output frequency will
be double the input frequency. The resistors RI
and 9.3 plus capacitor CI form a filter network
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to help smooth out the pulsations. Smoothing out
the pulsations effectively causes the direct cur-
rent to be at a constant voltage level as applied
to the load. The Zener diodes CR9 and CR10
are voltage-regulating devices. If the voltage
tends to rise above their breakdown rating, they
will act as a shunt across the load and thus re-
dufe the voltage. If the voltage tends to drop
below a preset value, the diodes will effectively
become an open circuit and cause all of the volt-
age to be applied to _the load. The diodes CR9
and CR10 are each 25-volt units. This means
that they will pass current at a voltage potential
difference of 25 volts. Thus, two of them in se-
ries form a 50-volt regulator. A tap between
them forms a 25-volt regulator. This is all illu-
strated in figure 111. ,

19-18. Now, assume that we have two PN
junctions in one crystal, one ,biased in the for-
ward direction and the other in the reverse direc-
tion. Then you apply a sigiial to the low resist-
ance section (PN junction biased in the forward
direction) and take an output from the high-re-
sistance element (PN junction biased in the re-
verse direction). When the output is developed
in the external circuit, you find that you have
increased the power. You have produced a
power gain. The combination of PN junctions
has transferred the signal from a low-resistance
circuit to a high-resistance circuit. Thus came
into being the word "transistor," which is a con-
traction of the words "TRANSfer" and "resIS-
TOR."

19-19. Transistors. Since you have had formal
schooling on transistors at some time in the past,
the material covered in the following paragraphs
is mainly to refresh your memory and broaden
your knowledge of transistorized circuits. Pos-
sibly a few of the circuits explained,later in this
discussion will be new to you. But remember,
the more background knowledge you acquire,
the easier it will be for you to understand the
systems.

19-20. What is a transistor? It is a solid-state
device used for signal and power amplification,
signal inversion, and related applications where
its small size is' especially adaptable to the min-
iaturization of electronic equipment. The transis-
tors that are of prime importance are the junc-
tion type. By recalling the explanation of
semiconductor diodes, you can move easily to
junction transistors. The semiconductor diode
has,a junction betWeen an area of P type mate-
rial and an area of N type material. By forming
a layer of one type of material between two lay-
ers of the other type,material, a junction tran-
sistrir is formed, The transistors thus formed are
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Figure 112. SchematiC symbols of transistors.
-

known as PNP or, NPN types, depending on
which type material is in the center.'

19-21. By studying figure 112 you become fa-
miliar with the schematic symbols for tran-
sistors. Part A of figure 112 shows the terminal

. names and the direction of current flow for a
PNP transistor, and part B shows the terminals
and the direction of current flow for an NPN
transistor. Slotice that the arrow in the emit-
ter lead (1E)- is always against the direction of
electron flow. The direction of this arrow is an
indicator of the type of transistor. The arrow
pointing' toward the base means a PNP transis-
tor, and the arrow pointing away from the base
means an NPN transistor. Having two different
types of transistors means that the circuit polari-
ties for obe must be rexersed for the other. For
a PNP tranaistor, the collector is negative with
respect to the emitter. For an NPN transistor
the collector is positive with respect to the emit-
ter. When the current floii in the emitter lead
is away from the transistor' (PNP type), the
current flow in the base lead (TB) is into the
transistor. When the current flow in the emitter
lead is into the transistor (NPN type), the cut-

rent flow in the base lead is away from the tran-
sistor.

19-22. Now let's examine a simple single
stage of AC amplification. Follow through and
study figure 113 during this explanation. The
input signal is an AC sine wave and is coupled
to the base of the transistor by a coupling capaci-
tor. Resistors.R1 and R2 form a v9ltage divider
network. This network ismsed to establish a bias
voltage on the base of the transistor. The correct
bias voltage causes the transistor to operate in its
linear range so that it does not distort the output
signal wave shape. Resistor R.3 also enters the
biasing circuit because some current flows from
ground, through R3, into :the emitter lead and
out the base lead to the junction of R1 and R2.
The capacitor in parallel with R3 offers a low-
resistance path for ac signals.

19-23. There is current flow through the tran-
sistor and R4 to the positive side of the power
supply at all times. The input signal varies the
ability of the base to conduct current. This var-
iation of current flow causes a variation in the
voltage drop across R4. The changing voltage
drop is reflected across .the output capacitor.
When the input signal goes in a positive direc-
tion, the current flow through the transistor in-
creases. This causes a greater voltage drop
across R4. The net result is a decreasing output-
signal voltage with an increased input-signal volt-
age. This phase change is known as phase
inversion. The actual amount of voltage ampli-
Ocatioff is dependent on the particdiar circuitv,
construction.

19-24. Transistor Amplifier Circuits. There
are three ways in which a transistor may be used
in an amplifier circuit. Each way allows some
variation ii relationship between the input signal
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Figure 113. Typical AC amplifier.
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Figure 114. Common-emitter (CE) =pilfer.

and the output signal. You should be familiar
with these configurations in order to better un-
derstand what happens to a particular al as
you follow it through a system. In th following
paragraphs, we review the comma Otter

(CE) amplifier, then follow this by reviewing
the common-collector (CC)..amplifier, and the
common-base (CB) amplifier.

19-25. Common-emitter (CE) amplifier. The
common-emittes (CE) amplifier, shown in fig-
ure 114, is a- simplified schematic of the circuit
shown in figure 113. The name "common-emit-
ter" is derived from the fact that the emitter
terminal is common to both the input,and output
circuits. The common-emitter circuit is also
known as a grounded-emitter circuit The fol-
lowing discussion is related to figure 114 with an
NPN transistor. The battery in the base-to-emit-
ter circuit supplies the bias voltage, while the
battery in the collector-to-emitter circuit is the
main transistor power supply. The input signal
is applied between the tran*Dr base and
ground. The output signal is taken between the
collector and ground. Resistors RI in figure 114
and R4 in figure 113 both serve the same func-
tion as load resistors. An examination of the
input and output graphs reveals a phase inver-
sion of the signal and a gain in signal amplitude.

42350-1-7-175

19-26. Common-collector (CC) amplifier.
The common-collector (CC) amplifier is shown
in the simplified schematic of figure 115. Here
again we have a bias voltage source and a power
voltage sOurce. Notice that the collector is com-
mon to the input and output circuits. The load
resistor is shown in the common (collector) line
rather than in the emitter line. This causes- the
output signal to be in phase with the input signal.
Consider an instant of time when the input volt-
age is positive, as shown by the line AB. This
positive input signal causes the total collector cur-
rent to increase. The increased collector current
causes the top point of the load resistor R1 to
become more positive with respect to the lower
end. The result is shown by the line AB on the
output waveform. The CC circuit is also
known as a grounded-collector circuit or as a
follower type circuit, and does not produce phase
inversion. This type of circuit is frequently used
as an isolation amplifier and has an amplification
factor of less than one.

19-27. Common-base (CB) amplifier. The
common-base (CB) amplifier is shown in simpli-
fied form in figure 116. In this case we have a
bias battery in the base=to-emitter circuit. The
power battery is in the base-to-collector circuit.
The base is common to both the emitter and the

Figure 115.

42350-1-7-176

Common-collector (CC) amplifier.,
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Fig= 116. Common-base (CB) amplifier.

collector. The input signal is applied to the emit-
ter terminal; the voltage waveforms represent the
input and output voltages. The resistor Ikl rep-
resents the load reSistance of the circuit. The
output signal is coupled out of the circuit by the
couPling capacitor.

19-28. Now, follow the sigeal through the cir -
cuit. As the input voltage becomes more positive,
represented by line AB, it opposes the bias volt-
age. This results in less current flow through the
transistor. If there is less current flow through
the transistor, there must be' less current flow
through the load resistor. As a result, the poten-
tial at the top of RI rises. This produces an out-
put voltage represented by line AB "on the
output waveform. Continuing through this analy-
sis, you should find that there is no phase inver-
sion through a CB amplifier. This particular
type of amplifier is sometimes referred to as a
grounded-base amplifier, and has 4an amplifica-
tion capability of greater than one.

19-29. Triggerld circuits. A triggered circuit
is one in which an externally applied signal
causes a rapid change in the operating state of
the circuit. Once the applied trigger pulse has

N.

started the change, the circuit uses its own power
to complete the changeover. This changeover
operation is known as trigger action. Triggered
circuits operate in a stable, monostable, or bi-)
stable modes of operation. These circuits, all var-
iations of multivibrators; use different circuit val-
ues in various applications. After studying
these explanations you should be able to readily
transfer your knowledge to any similar circuit.

19-30. Astable multivibrator. The astable
multivibrator, illustrated in figure 117, is a two-
stage oscillator in which one stage conducts while
the other is cut off until such a point is reached
that the stages reverse their conditions. That is,
the stage that has been conducting cuts off and
other stages start to contuct. This oscillation con
tinues and is used to produce a squate-wave
output. The multivibrator shown in figure 117 is
connected as a collector-coupled circuits with the
collector of each transistor connected to the base
of the opposite transistor. There is a capacitor-
resistor network in each coupling line. This type
of circuit is also known as a free-running multi-

vibrator. However, in certain applications, trig-

\

Figure 117. Astable multhibrator.
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Figure 118. ?timetable multivibrator.

gering pulses may be used ,to synchronize the
astable multivibrator to another pulse-producing
operation.

19-31. Follow the diagram of figure 117 as
we explain the operation. To begin with, assume
that 01 is conducting very heavily as compared
to 02. Much more current is flowing in the base
circuit of, Q1 than in the base circuit of Q2. The
collector current of Q1 increases, causing the
voltage at the junction of Re1 and 14.1 to become
more positive. This action places an even more
positive bias on the base of Q2 and cuts that
transistor off completely. Keep in mind that
these are PNP transistors, and for heavy current
flow, the base must be negative with respect to
the emitter. As 02 iS Cut off; the voltage at the
junction of Pim and Rr2 becomes more negative.
This negative voltage is applied to the base of
01. Transistor Q1 is then driven to saturation.
Saturation means that Q1 is carrying all of the
current possible under the voltage conditions ap-
plied to its collector and emitter with the
maximum negative voltage applied to 'its base.
At the time that 01 is saturated, the voltage drop
across Rei is maximum. This mealis that at
this time, the potential. at the junction of Rci
and Rm becomes less negative. At the same tiine
02 is cut off, and the voltage at the junction of
R2 and Ry2 becomes mote negative.

19-32. Ali this action happens so quickly that
capacitor Cm does not get a chance to discharge.
Therefore, the increased positive voltage that ap-

,

pears on the base of 02 is drc9ped across RBI.
The conditions remain prictically static for the
period of time it 'takes for Cm to discharge. The
base of 02 is going through a voltage change due
to Cr/ discharging. ,

19-33. Mien Cm is practically discharged, the
bias on the base of 02 .is such that 02 begins
conducting. As the current flow through 02 in-

*eases, the voltage at. the junction of Rc2 and
121.2 becomes less negative. This voltage change
is 'applied to the base .of Q1 and causes it to
conduct less. As Q1-conducts le&, the voltage at
its collector becomes more, negative. This volt-
age change is applied to the base of 02. Transis-

;t\cir 02 is driven into heavier conduction. All this
-*action continues until 02 is driven into saturation

-and 01 is cut off.
19-34. Again, the action was so rapid that

Cy2 did not have time to discharge. All of the
circuit conditions again remain static except for
Cr2 discharging and changing the voltage ap-
plied to the base of Q. When Cy2 is, nearly dis-
charged, 01 once again begins to conduct. This
brings us back to the starting point. The .fre-
c.,ency of oscillation is mainly dopeddent on the
time constant of the resistor-capacitor combina-
tion (RmCm, Rr1Cr2) in each of the two
crossovers from collector to* base. Capacitors
Cm and CE2 are used as AC bypass units. Resistors
R pn and Rz2 are used as sviamping resistors. A
swcunping resistor reduces 'the effects of varia-

, dons in emitter-to-base junction resistance caused
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Figure 119. Eilstable multivibrator.

by variations in temperature; thus, it reduces the
possibility of excessive current through the tran-
sistor,: Swamping resistors are placed in the emit-

ter lead circuit. Review this explanation, and
study figure 117 until you are reasonably sure

lcnow how an astable multivibrator operates,
Once you have mastered this' multivibrator, the
others will be easy to understand, since they are
variations of the astable multivibrator. The next
logical multivibrator to study is known as the
monostable multivibrator.

19-35. Monostable multivibrator. The major
difference between the 'astable (free-running)
and the nmnostable multivibratOr is the bias
arrangement. In the astable unit the base-to-emit-
ter junction is forward biased and starts oscillat-
ing as socm as DC power is appliid. The mono-
stable circuit, when power is applied, stabilizes
with one stage cut off and, the other Stage at sat-
uration. It remains in this condition until a trig-:

ger pulse is applied. The 'trigger pulse causes the
transistors to switch states for a short time, as
determined by the circuit values, and then re-
turn to their initial Conditions. This type of mul-
tivibrator may also be referred to as one-shot,
single-sWing, or sintle-shor multitibrator. The
monostable multivibrator, aftet a trigger pulse
flips its operating state, flips Itself back to its ini-
tial operating condition. Study. figure 118 as you
follow the explination of the operation of a mon-
ostable multivibrator.

31602-1-4-.102

CC

19-36. The batte4 Vec supplies the voltage to
the collectors of both Qj and Q2. It also sup-
plies the forward bias for Q2. When thinking of
biases, keep in mind that Qi ant o2 are PNP
type transistors. Therefore, VCC furnishes a for-
ward bias through Ry1 to the base of Q2. The
forward bias of V 'c:Z causes Q2 to toc in a state
of saturation while the reverse bias. provided by
Vnis holds 91 at cutoff. As we follow through the
operation of figure 118, the various '41Oltages de-
veloped in the circuit are shown by the graph
at the left side of the figure, and in parentheses
in the text.

19-37. The trigger pulse, shown as Vi in the
graph, is a negative going pulse. It is applied
to the base of Q1 through CC. As the base of
Qt is driven in a negative direction (Vbl) by the
trigger pulse, conduction occurs through the tran-
sistor (from the collector to the emitter). Cur-
rent flow through Ru causes a voltage drop
across it. Thus' the collector of QA becomes less
negative .(Ve1). This voltage change (Vb2) is
reflected through Cy1 to the base of 02. The for-
watd-bias voltage on the base is decreased.
Therefore, Q2 conducti less, and, the voltage on
its collector goes negative (Va): This negallye-
going voltage is applied to the base 9f Qi' and
drives Q1 iflt0 heavy conduction. Thè result is
that Qi is driven into saturation and Q2 is biased

to cutoff. This switching action is so rapid that
Cy1 has not had time to discharge.
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19-38. As C, i. discharges through RT4 and
Q1, the transistors remain stable in their switched
positions. When Cr1 is almost discharged,
the voltage on the base of 02 has dropped (gone
negative) enough to allow 02 to start conducting
again. The positive-going voltage at the collec-
tor of 02 drives the base of Qi positive. This
action causes Q1 to conduct less. The collector
of Qi goes negative as less current flows through
R. This negative-going voltage is applied to the
base 02; thus, Q2 is driven into saturation and
Q1 is driven to cutoff. The vibrator has returned
to its monostable condition.

19-39. This stable condition-rentai an-
other trigger pulse is applied. The output can
be taken from the collector of Qi as well as from
02. However, the output taken from Q1 would
be 1800 out of phase with the output of 02. The
output waveform is alrgost a square wave. The
duration of the output or triggered pulse is de-
termined primarily by the values, or time con-
stant, of Ftr1 and Cpl.

19-40. Bistable multivibrator. A bistable mul-
tivibrator is stable with either of its transistors
saturated. In_other words, it remains in either
mode of operation. The conventional bistable
multivibrator is also known as an Eccles-Jordan
trigger circuit or as a saturating flip-flop. It is
used in computing and wave-generating circuits.
Since it is controllable, its outputs can be made
to represent 0 and 1 or false and true signals.
Study figure 119 and follow it through during the
explanation of the bistable multivibrator opera-
tion. Since the particular circuit of figure 119

shows PNP type transistors, any effective trigger
pulse must be a negative-going voltage.

19-41. When power is first applied to this cir-
cuit, either transistor may go into saturation. To
make the circuit predictable, a reset line is
usually tied into the circuit to cause on artic-
ular transistor to go into saturation when swer
is applied. The resistors RL1-RF1--RB2, d
Itr.--Rr2-RBI form voltage-divider net mks
that aid in holding the transistors stable
state.

19-42. The application of either a negative
trigger pulse to the base of the nonconducting
transistor-or a-positive -pulse-to -the- base-of-the
saturated transistor switches the conducting state
of the circuit. The trigger pulses are, applied
through Cci and C2 to transistors 01 and Q2
respectively. For the purposes of this explanation,
assume that transistor 01 is cut off while Q2
is conducting. A negative trigger pulse at input
A drives the base of Qi in a negative direction.
Transistor 01 starts conducting and so develops
a positive-going voltage at its collectof This pos-
itive-going voltage is coupled to OF ,base of Q2
by RF1 and C11. The change of bias on the base
of 02 causes it to conduct less. Since Q2 con-
ducts less, its collector voltage goes more nega-
tive. This negative-going voltage is' coupledrto
the base of Qi through CF2 and RF2. The
increased negative bias on the base .of Q1 causes
it to go into heavier conduction. Transistor Qi
conducts more heavily, driving the base of Q2
even more positive. The final result of all of
this is that 01 is driven to saturation while Q2

31407 I 4 103

Figure 120. Direct-coupled bistable multivibrator.
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Figure 121. OR and NOR gating circuits.

is biased completely off. Actually, this trahsition
(switching) period is very short

19-43. With 01 at cutoff and 02 saturated, a
negative trigger pulse applied to input B indi-
cates the chain of events that drives 02 into cut-
off and Qi into saturation. The output wave-
form very closely resembles a square wave when
continuous triggering is applied.

19-44. The direct-coupled bistable multivibra-
wr, as illustrated in figure 120, is also Imown as
a binary or "count-by-two" circuit. It is used in
computing and counting applications. The tran-
sistors Q1 and Q4 are not part of the basic flip-
flop, but are used to amplify the input control
signal. The loads for 02 and Qs (the bistable
multivibrator transistors) are Ria and 11./4 respec-
tively. The load resistors also serve as the base
input resistance of the other transistor. That

... is, Ria is also the base input resistance for Qs,
and R1. 2 is also the base input resistance for Qa.

19-45. In the explanation of the direct-
coupled bistable multivibrator, follow the circuit
of figure 120, and the voltage-versus-time graph
in 120. Let's start by assuming that transistor
Q2 i3 cut off and Qs is conducting. While this
stable condition exists,, the base of Qt is at a
high-negative potential and the base of Q2 la al-
most at ground (positive) potential. The reason
for this is that the base of each transistor is

coupled directly to the collector of the other tran-

124

0/
sistor. The transistor that is conducting heavily
(saturated) causes a positive potential to be ap-
plied to the base of the other transistor. The
transistor that is cut off (02) causes a negative
bias equal to,battery voltage to be applied to the
base of the conducting transistor 03. Now as-
sume that a negative-goin trigger pulse (V1:4)
is applied to the base of Q. Tranistor Qx con-
ducts and effectively grounds the collector of 02
(Vcs). At .the same time, it grounds the base of
Qs (Vim) by direct coupling. All of this initiates
a chain reaction which causes 03 to be cut off
and 02 to be driven into saturation. The volt-
ages shown vertically under the input 1 line of
the graph are the stable conditions following the

pulse on input 1.
1946. The new stable condition exists until a

negative-going pulse is applied to input line 2.
This time Q4 effectively grounds the collector of

Gs and the base of 02, causing a switching action
between the transistors. The voltage changes are
shown under the input 2 section of the voltage
waveform diagram. This shows that the voltages
are brought back to their initial conditions.

19-47. By connecting output 1 and output 2 to

the inputs of another multivibrator, and its
outputs to another and so on, a chain of these
can be constructed to form a computing device
known as a binary-counter string. Depending on

0 0
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Figure 122. AND and NOT AND gating circuits.
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how one multivibrator is connected to the next,
the chain can be made to function as a counter
or a shift register. The inf
circuits presented in this s
only scratched the surf

nnation on triggered
ction has, of course,
of the subject. We

have presented it as a beginning from which you
can progress to an understanding of the many
other types and designs of transistorized triggered
circuits.

19-48. Gating circuits. These circuits are used
extensively in computer circuits. They func-
tion as switches by making use of open or short
circuits between the emitter and collector of tran-
sistors. Transistors used in gating circuits may
be connected in series, parallel, or series-parallel.
A large variety of functions may be established,
depending on the manner in which the transistors
are connected.

19-49. Included in the overall category of
gates are the AND, OR, NOT AND, and NOT
OR (NOR) circuits. The NOT refers to a circuit
design that provides pulse polarity inversion. For
instance, an inverted output from an AND
provides a NOT AND gate. Since these circuits
have the ability to evaluate input' conditions and
respond with a predetermined output, they are
also referred to as logic circuits. The circuits that
will be explained here are typical. You may
find slight variations in actual circuits. Since
there are so many variations possible in design-
ing any particular gate, or combination of gates,
a general understanding is preferable at this time.
Having gained a general knowledge of gating cir-
cuits, yo'r will be better equipped for specific
circuits that you may find in subsequent chapters
of this course.

19-50. OR and NOR gates. An Olt gate has
more than ope input but only one output. Simple
methods of obtaining OR and NOR gates are
illustrated in figure 121. We will use this figure
in the following explanations of OR and NOR
gates.

19-51. A positive trigger pulse applied to ,ei-
ther of the OR gate inputs will cause transistor
01 to conduct. This will cause the collector volt-
age to go from a high-negative potential to almost
zero or ground potential. The input and output
voltage waveforms are illustrated in section A
of figure 121. The input signal. is applied to the
emitter. Although only two input lines are shown,
several may be used. Remember, onlfvone
input pulse is required to trigger an OR gate.
You should recognize this configuration as a com-
mon base with emitter input.

19-52. The NOR gate uses base signal input.
The output is taken between the collector and

125

ground. This is a typical common emitieLson-
figuration. The base is biased off by the action
of Vila and RB. A signal input through either

cr R2 will reduce the reverse bias enoggh to
cause Q2 to conduct if the input signal rs nega-
tive. When 02 conducts it acts as a.short between
the top of R1, and gound. The result is phise
inversion of the signal. This signal output Will
last only as long as the input pulse.

19-53. The OR and NOR gates illustrated in

figure 121 are by no means the only circuits pos-
sible. But if you understand the ones piesented,
you can readily understand simple circuit varia-
tions.

0

19-54. AND and NOT AND gates. The
AND gate requires two or more simultaneous
signal inputs of the proper polarity to trigger the
gate and causes an in-phase output. The NOT
AND gate requires two or more signals of the
proper polarity to trigger the gate and causes an
inverted-phase output signal. Study figure 122
and refer to it as you read the following descrip-

don.
19-55. The emitter to base bias of the 'AND

gate is such that Q1 is conducting when no signal
is applied. The circuit design is such that a sin-
gle input pulse will not trigger the circuit. It
takes two pulses, applied concurrently, to ever-

come the forward bias. The transistor is then
effectively cut off. The ilosistor will be held at
cutoff as long as both signals are applied. Since

the type of circuit illustrated in section A oi fig-
ure' 122 is of the common base with emitter
input, there is no phase inversion. The represent-
ative waveforms are shown in figure 122. Re-
moval of either input signal will allow the tran-
sistor to go back into conduction.

19-56. The NOT AND gate does show phase
inversion between the input signals and the out-
put signal. Here again the transistor is forward
biased. Notice that this time the transistor is Wed
in a common emitter with a base input type, of
circuit. The waveforms for the NOT.ANDPgate
are illustrated in section B of figure 122; The
AND or NOT AND gate is also known as a
coincidence type gate.

19-57. This concludes Chapter 7. Answer the

questions at the end. If for any reason you are
not confident in your ability to understand or
discuss electronic circuitry, reread the chapter.
The material covered in this chapter is inter-
spersed throughout Volumes 2 and 3 as applica-
tion of electronics in the equipment anclectrician
maintains. Anytime the application cannot be
understood, refer back to this chapter for the

basic operation.
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CHAPTER $

Applicatan of Electron Tubes

'VMS CHAPTER will cover the electron tube
and its circuitry. Electron tubes and related

circuitry are presented, with emphasis on opera-
tion and applications. Operation is the required
working circuitry for the electron tube which
allows it to perform as a rectifier, an amplifier,
or a regulator. The applications are the specific
functions of electTonic power supplies and multi-
stage amplifieiincluding the use of the CRT.

2. At the conclusion of this chapter; you
should be ab e to understand and discuss the
basic operation of rectification, amplification,
and regulation of electronic circuits.

20. Melton Tubes and Circuitry
20-1. The ability of electron tubes to control

relatively large amounts 8f power upon the re-
ceipt of minute control signals allows them 'to
have a wide variety of applications in aircraft
electrical systems. Although you learned the
principles of operation of the electron tube in
school, let us begin this discussion with a brief
review of electron tubes in general.

20.:2. Electron Tube Parts. The basic parts of
an electron alga are the envelope, the filament,
and the plate.

20-3. Envelope. This unit may be made of
metal or glass and in a wide range of sizes and
shapes. In vacuum tubes, the envelope is com-
pletely evacuated; for others, it is filled with an
inert gas. Tubes having metal envelopes are in-
'tended for installations that rust be shielded
from magnetic interference, and they are not
normal se where high voltages are present.

20-4 Filament. The ,type of filament used in
a tube epends on the use for which the tnbe is
intended. Tungsten, in combination with tho-
rium, is used for many tube filaments; pure
tungsten is used mostly in high-power tubes.

20-5. Tubes used, in lower voltage circuits may
have an oxide-coated filament. To obtain such a
filament, nickel or platinum alloys are coated
with alkaline-earth oxides of metals such as

barium, strontium, or calcium. Oxides work well
only in tubes that are subjectfd to less than 500
volts, because higher voltages will tear away the
coating.

20-6. The cathode, as you recall, supplies the
electrons necessary for operation of the tube.
When the cathode, is heated to the proper emis-
sion temperature, electrons are driven from its
surface. Cathodes are classified according to the
method used for applying heat, which may be
directly or indirectly.

20-7. A directly heated cathode is one in
which the filament is also the cathode. That is,

0' the heated conducting wire gives off all the nec-
essary electroni:Since most directly heated ox-
ide-coated filaments require comparatively little
power, they are often used in tubes designed to
operate on battery power or in portable equip- ,

ment.
204. In the indirect unit, the cathode sur-

rounds the heater filament (the source of heat),
and the heat is conveyed 'to the cathode by
conduction. The indirect heater is most com-
monly used in tubes that operate on alternating
Current.

20-9. Plate. The purpose of the plate is to
receive the electrons emitted by the cathode.
The plate is usually made of nickel, carbon, or
molybdenum. It is designed to radiate .heat and
remain at a fairly low temperature so that, it
absorbs rather than emits electrons.

20-10: Electron Emission. The operation of all
electron tubes depends upon an available supply
of..electrons. There are various ways of emission
by which this supply can be obtained. Let us
turn our attention to the thermionic-etnission
method as a starter.

20-11. Thermioitic emission. Thermionic emis-
sion is the process of liberating electrons from a
metallic emitter by applying heat. From earlier
discussions you recall that all substances contain
electrons in random motion. When heat is added,
energy is added to that already possessed by the
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moving electrons, and their Movement is acceler-
ated.

20-12. Secondary 'emission. In this type of
emission, electrons are detached from a body
that is being pelted by electrons that have been
emitted from a primary source. Whenever a
stream of high-velocity electrons strikes a metal-
lic substance, they impart enough energy to the
electrons stiithin the metal to enable them, in
rirn, to bak through the potengg barrier.

20-13. Photoelectric emission. Light is an
electromagnetic wave or a form of energy. Elec-
tron emission takes place when light strikes a
photosensitive metal; the light energy frees elec-
trons from the metal in direct proportion to the
intensity of the light.

20-14. Cold-cathode emission. In emission
ouch as this, electrons are pulled from the cathode
substances by a strong electrical attracting force.

, The cold cathode method is not commonly used
because of the high voltages necessary to attract
electrons.

20-15. Space Charge. Once liberated, the
electrons travel about in space. In electron tubes
the term "space charge" is restricted to the
charges that give rise to an accumulative effect
near. the cathode.

20-16. When heat is applied to the cathode,
the electrons move with increased velocity until
they break through the surface of the material.
Electrons have little energy left after they leave
the Oathode because most of it is lost when they
pass through the potential barrier. The emission
itself is haphazard, and the electrons wander in
space in different directions. You already know
that like charges repel one another; therefore,

x

the electrons that journey the farthest tend to
repel the ones that .are closer to the cathode.
These, in turn, repel the electrons that are just
leaving the cathode surface. The net result is
that near the cathode there is a cloud of electrons.

20-17. The space charge continues to build up
until a point of critical density is reached. At
that time the charge (or cloud) can no longer
receive an electron unless it forces one to return
to the cathode. When this happens, the space
_charge is at the emission saturation point.

20-18. This condition varies with the cathode
temperature ranges. An increase in cathode
temperature raises the velocity of the emitted
electrons; these new ones then enter the space
charge and make it more dense until the field
strength can offset their increased velocity. At
this point a new level of emission saturation is
reached. You can see, therefore, how the space
charge enables us to control the emission of elec-
trons. A second electrostatic field exists between
the space charge and the plate. Since electrons
are 'negative, the plate which is to absorb them
must be positive in relation to the cathode.'How-
ever, the space charge between the two units
tends to retard the emitted electrons. Knowing
these conditions, you can conclude that the at-
tracting force of the positive plate acts on the
electrons in the space charge rather than directly
on those that are leaving the cathode. Thus, the
plate has either some excess positive charges or
a deficiency of electrons. Actually, the electrons
move from the cathode to the space 'charge and
from there to the plate without changing the
density of the space charge. But how? Each
time an electron is absorbed by the plate, another
one leaves the cathode to maintain the emission
saturation. Because of this action, the- directed
movement .of electrons .can be described as the
flow of plate current between the. Cathode and
the plate, and then through the rest of the system.

20-19. Just as the temperature of the cathode
affects the .number of electrons being emitted, so
does the positive plate voltage control the num-
ber of electrons entering the plate from the space
charge. For a given value of plate yoltage and a
constant cathode temperature, a fixed numbet cf
electrons are drawn in from the space charge.
This yields a current which is measured in am-
peres (or milliamperes). Any change in the
plate voltage varies the rate of electron flow and ,

the, resulting plate current. When the voltage is
high, all of the electrons passing from the cathode
enter the space charge and go directly to 'the
plate. This sets up a condition wherein the plate
and the emission currents are equal. If there
were no space charge, a very low voltage on the

,. plate would result in -extremely high values of
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Figure 124. Diode operation u a halt-wave rectifer.

current and a short emitter life. To prevent this,
the cathodes in most tubes are designed to emit a
surplus of electrons. When the plate voltage is
low, the emitted electrons nearest the cathode are
forced back to it by the accumulation of electrons
that are a little farther away from the cathode.
At the same time, the plate attracts only those
electrong.that are nearest to it. For intermediate
values of plate potential, the space charge in the
vicinity of the catItode is reduced by the attrac-
tion of more eleetrons to the positively charged
plate. From this, you can see 'that particular
manufacturing features based on the use of space
charge ves tubes definite operating character-
istics.

Vacuum Tubes. To begin, let us ex-
plain c characteristics that apply to vacuum
tubes.

*20-21. Characteristics. In a- vacuum tube, as
previonsly stated, a definite relationship exists
between the plate voltage and the plate current.
There is also a relationship between the cathode
temperature and electron emissiOn, which, as you
have learned, establishes the characteristics of a
particular tube. These characteristics may be
quite different from those of a tube designed for
another purpose; you can clearly determine what
they are by graphs known as characteristics
curves. For simplicity, you can regard these
curves as charts of cause and effect plotted within
the boundaries of two reference lines which serve
as scales to indicate the various units of measure-
ment (volts, ohms, amperes).

20-22. Figure 123 illustrates what has just
been said. The vertical reference line indicates
the amount of plate current in terms of milliam-
peres (ma), and the horizontal one denotes the
plate voltage. At the zero point, the plate current

'is cut off. By placing a 10-volt potential on the
plate, a platp current of 5.6 ma is obtained. This
information is supplied by the tube manufacturer
in the form of the characteristic curve. As re-
vealed in the figure, you construct a vertical line
from the 10-volt marker on tbe lkorizontal axis
until it intersects the curve; then draw a horizon-

-I, tal line from the point of intersection'tto the
vertical axis. A step-up of plate voltage from 10

to 24 volts changes the plate current from 5.6
ma to 10.6 ma, as shown by the seeond set of
vertical and horizontal lines. By using the same
curve, you can determine plate voltage values
for known values of current.

20-23. So far, the tubes that have been dis-
cussed contain only two elements, a plate and a
cathode. Such units are known as diodes. As
more elements (electrodes) aro added, the tubes
are known successively as triodes, tetrodes, pen-
todes, and so on down the line of Greek prefixes.
The diode, of course, is the first and, therefore,
the simplest in construction.

20-24. Diode tubes. One of the most common
uses of the diode tube is to rectify, which means,
as you know, to convert AC to DC. To see how
this is done, turn your 'attention to figure 124.
Observe that when the AC power supply is on
the positive alternation of the sine wave (shown
at the left) the plate has a positive potential
applied and the cathode a negative one. From
the previous discussion, you know that such con-
ditions aro necessary for the tube to operate.
As the plate voltage increages, so does the plate
current. At the highest point on the AC sine
wave, the plate has the greatest potential and
current. The current drops to zero with the de-
crease in the positive alternation because of the
loss of the attracting force in the plate. On the
negative alternation nothing happens, for in this
state the polarities do not slend themselves to
conduction within 'the tube. Then, there is an-
other positive alternation that reestablishes the
positive plate and negative cathode, and current
flows again. In effect the negative alternation
has been eliminated. A diode tube used for this
purpose is called a half-wave rectifier.

20-25. Diode tubes may be combined to pro-
vide full-wave rectification, or a dual-diode tube
may be used..

20-26. Dual diodes. The dual diode is a sin-
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Figure 125. Dual-diode schematic&
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Figure 126. Triode ichetnatics.

gle tube containing two sections, each being the
equivalent of one diode.

20-27. Dual diodes (A and B, fig. 125) con-
tain two plates, though they may have one or
two cathodes and heater filaments. This depends
upon the circuits for which the tubei are.de-
signed.

20-28. Remember that the simple diode con-
ducts only when the plate is positive and the
cathode is negative. The dual diode, on the
other hand, has the proper polarities in one of its
sections during each alternatiOn of the pOwer
supply. First one section and then the other
conducts the successive alternations. In this situ-
ation, as you would expect, the dual diode is a
full-wave rectifier.

20-29. Triode tubes. In a triode, the cathode,
and the plate retain their functions as a source of
electrons and a collector of electrons. In the
space between them, and located closer to the
cathode, is the control grid. This third element,
as shown in figure 126, appears in schematics
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Flare 127. Triode tube with cathode and grid potential
equal..

as either a zigzag or a dashed line, and it is
distinguished from other grids by the capital let-
ters "0" or "CG."

20-30. Briefly, the purpose of the control grid
is to govern the movement of electrons between
the cathode and the plate, thereby controlling
the instantaneous plate current flowing through
the tube. As previously mentioned, the plate
voltage determines the number of electrons at-
tached to it. What, then, is the electrical differ-
ence between the triode and the diode? Essen-
tially, the diode changes AC to a pulsating DC.
In the- triode,--a-voltage-orrthe--grid can vary the

129

plate current when the voltage applied to the
plate is held constant.

20-31. The polarity and the amount of vbitage
on the diode plate results in a one-direction flow
of pulsating plate current. In the triode, the
applied DC voltage is obtained from a constant
source like that from a dual diode. The effect of
a positive plate voltage in a triode can be over-
come by the application of the proper amount of
negative voltage to the grid. (This plate voltage
often runs as high as 5000 volts.) From what
has been stated, you might be led to believe that
the grid acts as a valve. Although the grid is
often referred to as a valve, the term is not fully
descriptive. Nevertheless, the valving action is
important because it is the basis for many func-
tions of a triode, especially its ability to` deliver a
stronger signal than it receives. This process is
called amplification, and it will be discussed in
detail in another section of this volume.

20-32. The triode is a thermionically heated
electron tube in which a space charge is de-
veloped between the cathode and the grid, as
shown in figure 127. (The small circles represent

IV 00V

\

r

A

42330-1-7-134

Figure 128. Negative grid with respect to cathode.
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Figure 129. Schematic ttibe symbol for a tetrode.

the control grid, which is wound around the
cathode.) When a positive voltage is applied to
the plate, the electrostatic field that is formed
(shown by the arrows) draws the electrons to-
ward the plate. So far, the action of the triode
differs little from that of the diode.

20-33. If a small battery or other source of a
DC power supply is introduced into the assembly
(see fig. 128), the grid can be made negative
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with respect to the cathode. With voltage ap-
plied to both the plate and the grid, two,electro-
static fields are produced within the tube. One
attracts electrons to the positivelY charged,plate;
the other (the field of the negatively charged
grid side that faces the cathode) restores elec-
trons to the space charge, and in this manner
reduces the number of electrons that advance to
the plate. The movement of electrons to the
plate_through_the_grid_openings is controlled by
the predominant electrostatic field.

20-34. The application of a positive voltage
to the triode grid causes the electrons to be
accelerated in their travel to the plate and results
in an increase of plate. current. When AC is
applied to the grid, it becomes positive at lone
initant and negative the next. Thus, a variation
in plate current occurs as the AC grid signal
varies. The output current in the plate circuit
will still be direct, but of fluctuating amplitude.

20-35. The change in plate current for a
given signal voltage depends upon the tube and
its purpose. The theoretical relations developed
for a triode will apply equally well to tetdc
and pentodes. Therefore, it will be necess
consider here only the effects of thc additional

GI
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Figure 130. Physical construction and schematic symbol for metal type pentode.
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electrodes as we study the current flow to the
plate.

20-36. Tetrode. The tetrode tube contains all
the electrodes of a triode and, in addition, a
fourth electrode called the screen grid. The
screen grid was added to the electron tube to
decrease the apacitance between the control
grid and the plate.

20-37. The construction of a tetrode is very
"similar to that of a triode,'except for the screen
grid. The screen grid is located between the
control grid and plate, as shown re 29.
The shape of the grids in tetr e tubes varies;
however, the functioning of the electrodes is
fundamentally the same re dless of shape.

20-38. Pentode. The pe tode tube contains
all of the electrod tetrode and, in addi-
tion, a fifth el ode called the suppressor grid.
The suppressor grid is placed between the plate
and the screen grid to eliminate the effects of
secondary emission

20-39. Secondary emissisn effects restrict a
tetrode to those amplifier circuits with high plate
voltage. Removal of this limitation would permit
the tube to have wider usage. This was made
possible by the suppressor grid placed between
the screen grid and plate. Thus, the pentode
with cathode, control grid, screen grid, suppressor
grid, and platecame into being.

20-40. The pentode is a 5-electrode electron
tube. It contains an emitter, three grids, and a
plate. The grid closest to 'the cathode is the
control grid, 01; next is the screen grid, G2;
and the third, located between the screen grid
and the plate, is the new suppressor grid, G3.
The pentode symbol is shown in figure 130.
There are other kinds of tubes, however, in
which the flow of current is through a relatively
dense gas.

20-41. Gas-Filled Ilibes. In tubes of this type,
the gas is about one ten-thousandth as dense as
air under normal atmospheric pressure. When.
an electron collides vith a gas molecule, the
energy imparted by the impact can cause the
molecule (or atom) to lose or gain one or more
electrons. The result is ionization. Any gas or
vapor having no ions is practically a perfect insu-
lator. If two electrodes are placed in such a
medium, no current will flow between them.
However, gases always have some residual ioni-
zation because of cosmic rays, radioactive mate-
rials in the walls of the container, and the action
of light. If a potential is applied between two
elements in such a gas, the ions migrate between
them and give the effect of current flovf: This' is
called the dark current because no visible light is
associated with it. Its value is about 1 ma.

20-42. If the voltage on the electrudes is in-

creased, the current starts to rise. At a certain
point known as the threshold (usually about 2
ma), the current suddenly begins to go up with-
out any increase in applied volta. If there is
enough resistance in the external circuit to pre-
vent the current from rising quickly, the voltage
immediately drops to a lower value and break-
down occurs. This abrupt change takes place as
a result of the ionizitiiin ofthe gas hy electron
collision. The electrohs released by the ionized
gas join the stream and liberate other electrons.
The process, then, is cumulative. Breakdown
voltage is determined primarily by the type of
gas, the materials used for the electrodes, and
their size and spacing. Once ionization takes
place, the current can rise to 50 ma or more
with little change in the voltage applied. If the
voltage is raised, the current increases and the
cathode is heated by the bombardment of the
,ions that strike it. When the cathode gets hot
enough, therrnionic emission results. This emis-
sion reduces the voltage loss in the tube, which,
in turn, causes more current to flow and increases
the rate of emission and ionization. This cumula-
tive action .4volves a sudden decrease in the
voltage loss across the tube and a current rise to
an extremely high value. Unless the tube is
specifically designed to operate in this manner,
it can be destroyed by the heavy current flow.

20-43. The condition just described is basic to
the formation of an arc; therefore, tubes that
operate at these high currents are called arc
tubes. For currents up to 50 ma, the unit usually
is small and is termed a glow tube because of the
colored light it emits. An example of such a tube
is the familiar neon light.

20-4k: In the gas-filled tubes, you will 0e
diode type, just as you do in vacuum tubes.

20-45. Gas diodes. A unit that contains two
electrodes in a gaseous medium (helium, neon,
mercury vapor) is called a gas diode; -these ele-
ments, as in vacuum tubes, are called the plate
and the cathode. The cathode in a gas diode
can be an electrode similar to the plate in a
vacuum tube, or it may be a therrnionic emitter.
The former design is known as a cold cathode
and the other as a hot cathode.

20-46. The gas diodes, like the vacuum ones,
are also used as rectifiers. However, gas recti-
fiers are able to pass much greater currents than
high-vacuum tubes because of the ionization of
the gas within the envelope. The ions make it
unnecessary to rely on the electrons proauced by
the filament, which is used merely to start ioniza-
tion of the gas. Actually, the filament heat va-
porizes a small amount of mercury in the mercury
vapor tubes. Because of their low voltage loss,
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connecling several VR tubes in series as ;flown
in figure 132. This circuit provides for three
regulated voltages, which are 330 volts from A
to ground, 180 volts from B to ground, and 75
volts from C to ground. Note that a- limiting
resistor, R, is used also in this circuit to keep
the current flowing through the tubes between 5
ma and 30 ma.

20-51. In the previous section you learned
VR 150 .30 how grid control is affected in vacuum tubes;

now you will see how it works with gas tubes.
20-52. Thyrations. The principle of grid con-

trol can be applied to almost any gas tube, but it
is used specifically with cold cathode, hot cath-

- ode; and arc types of triodes and tetrodes. ,All
are given the general name of thyratron.

42350-1-7-137

Figure 131. VR tube drcu

they have a high efficiency in power rectification,
which, in some instances, easily approaches 99
percent. Since the loss does not vary with a
changing load, as is the case in vacuum types,
the gas tube gives better voltage regulation,

20-47. Voltage regulators are circuits de-
signed to maintain the output voltage of a power
source at a constant, predetermined level, even
though the input voltage or the load varies.

20-48. VR tubes. As you recall from your
study of gas tubes, a VR tube has a constant
voltage drop across it if the current is held within
limits. In ihe_circuit_shown'jn figure 131, the
output voltage is regulated by the VR 150-30
tube at 150 volts as long as the current through
the tube does not exceed 30 ma. A minimum
current of 5 ma must be maintained to keep the
tube from exthiguishing; In other words, the
current through The tube must be maintained
between 5 ma and 30 ma to keep the output
voltage regulated.

20749. By proper'selection of limiting resistor
R. the output voltage is maintained at 150 volts
regardless of changes in input voltage from the
rectifier or of 'changes in load. If the put volt-
age rises, more current flows thrh the VR
tube and a greater voltage drop across R.
This greater voltage drop keeps the voltage across
the load 121, constant. A decrease in input voltage
causes a smaller voltage drop across R and so
keeps the output voltage constant. A change in
load is.compensated by a change in current flow-
ing thrpugh the VR tube. This, in turn, keeps
the voltage drop across R constant and, therefore,
maintains a constant output vOltage.

20-50. One of the major disadvantages of
VR tubes is their comparatively low-voltage
rating. This disadvantage may be overcome by

20-53. With voltage on the grid, the voltage at
which breakdown occurs can be regulated. The
grid, which shields the plate surface before
breakdown, is located close to the plate to pre-
vent discharge. Then, should a discharge take
place, it would be dilly in the unimportant dark-
current range. In these tubes, thtr-plate supply
voltage exceeds the plate-cathode breakdown

,voltage, and the grid remains either zero or neg-
ative with respect to the cathode. Under these
conditions there is no breakdown.

20-54. If the grid voltage is, raised, there is
breakdown between the grid and the cathode.
This action causes all of the gas in the tube to be
ionized, and the discharge

-.- cathode cuirent flow. A
series with the grid limits

TO
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continues with plate-
resistance placed in

its current on- break-

Figure 132. VR tubes in series.
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down to a safe value. After breakdown the grid
is unable to control the discharge. To reestablish
grid control, the plate potential must be reduced
until the cathode-plate discharge disappears.

20-55. In gaslubes, either hots or cold-cath-
ode emission can be used instead of directly
heating the filament as with vacuum tubes,
which function primarily through the, thennionic
method.

20-56. The next part of this section .discusses
the principles of operation of the cathode-ray
tube, which is used in the oscilloscope,, one, of
the most important items of test equipment you
use.

20-57. Cathode-Ray Tube (CRT). This tube
is the very heart of the oscilloscope. It is a large
vacuum tube shaped like a funnel; that is, long,
conical, and flared at one end. The small end
,fits into a socket and is equipped with the re-
quired number of contacts for the electrical con-
trols. The large end of the tube serves as the
screen. When this tube is installed in an oscillo-
scope, you see only the screen end because the
barrel and socket base are hidden deep within
the case of the scope.

20-58. If you were to slice the cathode-ray
tube in half lengthwise, it would look something
like the drawing in figure 133. The inside of
the screen is painted or coated with a fluorescent
substance (one which gives off light when struck
by electrons) so that a visible indication may be
obtained. Willemite is used for the coating of
the screen because of the soft green light it emits
when bombarded by electrons. Other fluorescent
substances, such as cadmium tungstate or zinc
sulphide, may be used for the same purpose.
One of the principal factors derrnining the ma-
terial chosen for the screen coating is the per-
sistency of the material. The persistency of the
screen coating determines how long a spot will
remain visible after an electron has hit the
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Figure 134. Parts of.an electron gun.

screen. Most oscilloscopes use a screen of low
persistency so that the image disappears soon
after the electron beam has moved on.

20-59. At the left-hand end of the tube, you
will notice the electron gun is an assembly con-
sisting of the cathode, filament, grid, first anode,
and second anode. Directly to the right of
the electron gun are two pairs of deflection
plates. One pairthe vertical deflection plates.
is mounted in a horizontal plane, and the second
pair is mounted in a vertical plane and provides
horizontal deflection of the electron .beam.

20-60. The electron gun. The five parts of
this gun act together to shoot a stream of elec-
trons against the fluorescent screen of the cath-
ode-ray tube (CRT). The gunlike action of
shooting a stream of electrons gives this unit its
name. Figure 134 shows the arrangement (in
cross section) of the parts of an electron gun.

a. Filament and cathode. The filament and
the cathode form a single unit. In the figure,
the cathode appears as a small metal container;
one end is open to permit the entry of the fila-
ment. The other end of the cathode is shaped
like a cup; it is filled with barium oxide or
thorium oxide. Use of these compounds increases
the number of electrons that will be given off by
the heated cathode. The filament is prevented
from touching the sides of the cathode by a
plasterlike insulating material. When the cathode
is heated by the filament, electrons are boiled
out of the barium oxide oythorium oxide to
form a cloud or space charge around the cathode.

b. Grid,lfhe grid resembles a tin can that
has elf' slipped over the end of the cathode.
A hole in one end of the grid provides a passage-
way through which the electrons move toward
the first anode. This element regulates the num-
ber of electrons that strike the fluorescent screen.
The regulation results from making the grid neg-
ative with :espect to the cathode. A very nega-
tive grid willi permit some electrons .to pass
through the grid opening. This means that by
varying the amount of negative potential on the
grid, the intensity or brilliance of the image on
the fluorescent screen can be controlled.

c. First and second anodes. The first anode is

ELECTRON GUN

ERTICAL DEFLECTION PLATES

HORIZONTAL DEFLECTION PLATES

.-42330-1-7-13t

Figure 133. Cross section of cathode-ray tube.

. 133

139



1510S`

v 41336,1-7-141

Figure 135. Electron *gun potentials.

a small can that has a hole punched in the
center of each end. The seoond anode is a larger
can having one end cut away and a hole punched
in the center of its opposite end. Both anodes
focus the electrons into a sharp, fast-moving
stream. When the electrons leave the cathode,
they are slow moving and _their direction is not
defined. The two anodes work as a unit tp
focus this cloud of sluggish electrons into a sharp,
fast-moving beam. They do this in much the
same way that a lens focuses the beam of a

flashlight-
-

20-61. Electron gun potentials. Except for the
second anode, whose potential is ground or zero,
all of the elements of the electron gun are ati
negative potentials.

20-62. Figure 135 shows resistors RI, R2, RS,
and R4 forming a bleeder for a high-voltage
power supply. Note that the positive end of the
bleeder is grounded. This brings up the subject
of relative potentials and what must be done to
all the other potentials along the bleeder when
the positive terminal of a bleeder is grounded.

20-63. Reading from right to left in figure
135, the highest negative_potential is at point A.
Reading from left to right the highest positive
potential is at point E. Therefore, E is a. higher

than D; b is a higher positive
point C; C is higherthan B; and B is higher
than A. You should recak froni the previous
discussion of vacuum tubes that electrons always
move toward the highest positive., potentials.
These chutes are given off by the cathode
which is connected to point B. Because the first
anode is connected to a point of higher positive

zotential, electrons will move from the cathode
toward that particular anode.

2IY-64. The seconds anode is connected to a
point (E) which has. a' higher positiv6 potential
than the first The difference in potential be-
tween the two anodes is from the first. toward the
second anode: Electrons arriving at the first
anode from the cathode are cauglit in this electro-
static field and whipped forward through tie
openings, in the anodes at an ever-increasing rate.
By the time the electrons reach the opening in
the second anode, they are tiaveling fast enough
to be thrown the length of the tube, where they
strike against, the fluorescent screen.

20-65. The greater the difference in potential
between the anodes, the stronger the electrostatic
field. The stronpr the field, the faster the move-
ment of the electrons toward the fluorescent
screen. You can increase the strength of the
electrostatic field by moving the focus control
(R2) toward point C. This not only makes the
first anode more negative, it also, in effect,
makes the second anode more positive. Increas-
ing the difference in potential between the
anodes squeezes the electrons into a narrower
and sharper beam.

20-66. If the focus control (R2) is moved
toward point D, the difference in potential be-
tween the anodes is redfiTed. This reduces the
strength of the electrostatic fkeld, and the beam
striking the fluorescent screen ibecomes thick and
fuzzy.

20-67. Operation of the grid. Lodk at figure
135 again. Note that the grid is Connected to a
point that is more negative than the ,cathode.
Electrons leaving the cathode must pass this nega- .

tive grid before they can get to the first anode.
If the grid is slightly negative, only a few elec-
trons will be repelled toward the cathode; mast
of them will get through. If the grid is made
progressively more negative by moving the in-
tensity control (R4) toward point A, fewer and
fewer electrons will be able to get through the grid
opening. Finally, when the grid reaches its maxi-
mum negative value, none of the electrons will
be able to get through.

20-68. Making the grid more negative reduces
the intensity of the image on the flourescent
screen. You can make the grid so negative that
no image will be visible. Normally, you make
the grid potential barely negative enough to hold
back part of the electron stream. If you want to
brighten the spot, ieduce the negative potential
by turning up the intensity control. Never make
the spot any brighter than is necessary; doing so
can damage the screen.

20-69. The deflecting plates. To produce the
movement of the electron beam over the entire
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Figuns 136. , Vertical deflection of the electron beam.

screen surface, two pairs of deflection plates are
used. Referring to figure 133, note that 1 the
plates are located to the right of the second anode
in such a position that the electron beam passes
through the square opening formed by the four
plates.

20-70. The plates are named in accordance
with the direction in which they cause the
to move. That is, the horizontal deflection ates
move the beam across the ;cieen in a horizontal
direction, and the vertical deflection plates move
the -spot up or down in a vertical direction.

20-71. So that voltages can be applied directly
to the deflection plates, connections or binding
posts on the outer side (or the back) of the
scope are in clirect contad with the deflection
plates. The connections on the back are usually
moved from their normal position before they
are used. For the vertical deflection plates, the
ground connection is attached to the bottom verti-
cal plate and the other connection is attached
to the top deflection plate. If a DC voltage, is
impressed across these connections with the nega-
tive side to ground, the bottom vertical deflection
plate will be negative and the top plate positive.

20-72. Since the top plate i positive:it will
attract the electron stream. On the other hand,
the bottom plate, which is negative, will repel
the electron stream. This condition causes the
beam to be bent Upward as it passes between
the plates so that it produces a dot on the screen
at some point above its center. This is illus-
trated in figure 136., If the applied voltage is
reversed, the beam is bent downward so that the
dot appears below the center of the screen. So,

42350-1-7-143.

Figure 137. Horizontal deflection of the electron
beam.

.1

your' see thatOne function of the oscilloscope is
to determine the polarity of an unknown voltage.

20-73. 'You have just learned the effect of
polarity on the position of the dot. But how does
a variation in the amount of potential difference
between the plates affect the position Of the dot?
With twice as much voltage applied to the vertical
deflection plates as was used before, you will
find that the dot molies twice as far from its
center position. If the voltage is increased, the
dot will move farther from the center of the
screen. If the voltage is decreased to one-half
its original value, the dot will be only one-half
as far from the center of the screen as it was
originally. This shows that the distance of the
dot from the center is a direct indication of the
amount of voltage that is connected across the
plates. These experiments show that the oscillo-
scope can be used as a voltmeter. The charac-
teristic that makes it a good DC voltmeter is its
very high input resistance.

20-74. The horizontal deflection plates can
also be used to influence the electron beam; their
effect being similarto that of the vertical deflec-
tion plates. If a voltage is applied to the hori-
zontal deflection plates as shov:in in figure 137,
the nearest plate (in the figure) will be negative
and the other one will be positive. As the elec-
trons speed between the plates,-the nearest plate
repels the electron stream and. the other plate
attracts it. As a result, the electron beam is bent
away from the center and the dot moves to a
point that is to be right of center (looking at the
end of the CRT). A reversal of voltage causes
the dot to appear at a point to the left of center.
An increase of voltage will move the dot farther
from the center, whereas a decrease of voltage
will bring the dot closer to the center of the
screen. Although the horizontal deflection plates
can also be used to measure Voltage, they pre
generally used for another purpose.

20-75. The deflection produced when an AC
voltage is applied to the vertical deflection plates

42330-1-7-144

Figure 138. One cycle per second applied to the
vertical deflection plates.
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Fignre 139. Line image on the scope.
...

occurs in exactly the same manner as that which
results when a DC voltage it applied. Actually,
the displacement of the beam from its normal-
center position is a function of the' field strength
existing between the two deflection plates. As the
previous examples have shown, the displacement
of the spot from its normal center position is a
measure of the voltage difference existing be-
tween the two plates. An AC peak voltage of
10 volts will alternately displace the spot'or de-
flect the beam the same distance on either side
of the center position. A DC voltage of 10 volts
applied first to one and then to the other of the
two plates will give the same results.

20-76. For a very low frequency, the dot can
be seen to move up and down from one ex eme
to the other. At 60 cycles per nd, the age
on the screen will appear as a str Hine, since
the dot travels so jrapidly that its motion from
point to point aloni the line cannot be seen. Sup-
pose, f9r a moment, that a frequency of 1 cycle
per second is applied to the vertical deflection
plates, as shown at the left of figure 138. Since
only the force is acting on the electron
the field set up by the applied deflecting voltage
is determined by the instantaneous amplitude of
this voltage. The normal position of the spot is
indicated in the figure by the dot within the
circle in the center of the screen. The applied
voltage starts at zero and increases in one di-
rection until maximum value is reached. If the
polarity of this alternation is such that it makes
the top vertical deflection plate positive with
respect to the bottom vertical deflection plate,
the beam and spot will move upward, As the
voltage increases, the spot will move through the
various positions shown in figure 138 until it
reaches a maximum position at the moment the
peak of the alternation is reached. Then the
downward half of this alternation begins and the
spot moves toward its initial starting position.
This point is reached when the first alternation
is completed, and the AC voltage is again zero.

20-77. The alternation now starts in the oppo-
site direction, and the bottom vertical deflection

I
plate is positive with respect to the top vertical
deflection plate. The resulting beam is deflected
downward, and the spot moves in that direction.
As the amplitude of this downward alternation
increases, the spot moves farther and 'farther
away (down) froni its normal center position
until it reaches its farthest point at the time the
peak amplitude is reached. Then as the voltage
starts to decrease (the last quarter-cycle of the
sine wave), the spot moves upward toward its
initial starting point, finally reaching the middle
of the screefi when the AC voltage is again at
zero. Figure 138 shows the position of the dot
at various points along the sine wave of voltage
as it is applied to the vertical deflection plates.

20-78. In actual practice, the frequency of the
voltage applied to the plates is such that it is im-
possible to see the spot moving from point to
point. Instead, the recurrent action of the AC
voltage causes the spot to trace and retrace its
path at such a speed that, because of the per-
sistency of vision and the persistency of the screen,
a solid line pattern is. seen. The scope reads
peak-to-peak voltages. It can be used as an AC
voltmeter because it has a high input impedance
and because the beam of electrons can move up
and down as rapidly as the highest frequency of
AC changes. Figure 139 shows the solid-line
pattern that is visible when the frequency is too
high for the movement of the dot to be observed.

20-79. What has just been explained about
the vertical deflection plates is also true of the
horizontal deflection plates. If an AC voltage is
applied to the horizontal deflection plates with-
out any vertical deflection, a horizontal line will
be visible. -When-only the sweep voltagels_ap-___

lied, you can observe a horizontal line (time-
b -line) whose length depends on the position
of the horizontal gain control.

26-80. The time By now you are aware
that the scope can be us voltmeter. You

,
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Figure 140. The sweep voltage.
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also know that the primary function bf the CRT
used in the oscilloscope is to observe changing
voltage. But what happens to a voltage with
respect to time from one moment to the next is
also important.

20-81. The normal representation of a chang-
ing voltage with respect to time appears as a
graph. The horizontal line of the graph repre-
sents time, and the vertical line represents the
magnitude of the voltage. Rather than draw
individual graphs of voltage on paper, it was
determined that the scope could be used to make
the graph if there were some means of moving
the dot from one side of the scope to the other at
a constant rate. That means became a reality
in a device called a time-base generator. This
device causes the dot to start at the left side of
the-screen and move to the right side at a con-
stant rate. In this Way the dot moves a certain
distance farther to the right during each suc-
ceeding unit of time. Another name for the
time-base generator is the sweep generator. It
is given this name because of the action of the
dot on the screen. After the dot moves across
the screen, it returns to the starting point, and
the operation starts all over again. This move-
ment of the dot is similar to the motion of a
broom in sweeping; hence, the dot "sweeps"
across the screen.

20-82. When the sweep generator moves the
dot across the screen, it is actually applying a
varying voltage to the horizontal deflection
plates. When the dot is on the left side of the
screen, the electron beam has been deflected to
the left. At that moment, the left horizontal de-
flection plate is positive with respect to the right
one, and the right one is negative with respect
to the left one. As the spot moves toward the
center of the screen (horizontally), the voltage
difference between the plates decreases until both
are at the same potential. The dot is then at the
center of the screen. The dot continues to move
toward the right at a constant rate because the
voltage on the deflection plates reverses, and the
plate on the right becomes more and More posi-
tive, while that on the left bedomes more and
more negative.

20-83. Figure 140 is a graph representing the
relationship between sweep voltage and time.
This illustration shows a scope "picture" when
voltage is applied to the right deflection plate.
When the right plate is negative with respect to
the left, the voltage appears below the zero axis
on the graph. When the right deflection plate is
positive with respect to the left plate, the voltage
is shown above the zero axis. The position of
the spot at several instances during the time the

sweep voltage is being applied is shown in the
complete figure. The dashed lin& connect each
dot with the voltage that caused the dot to appear
in that position.

20-84. Since the dot is repeatedly swept across
the screen, the graph of this sweep voltage is
continuous: To start over again dot has to

' return to the left side of the s een. The time
required to make this return *p -is called the
flyback time and is very small compared to the
time that the dot is being swept. Flyback time
is shown as a near vertical line on the graph,
while the sweep voltage closely xesembles the
outline of sawteeth. For this reason, thc sweep
voltage is often referred to as a sawtooth voltage.

20-85. A switch on the scope permits the hori-
zontal deflection plates to be connected to the
external binding posts or to the connections of
thA.sweep generator. This switch is a part of all
-Willoscopes. On some scopes, switching is done
by turning the frequency range selector. On
others, it is either a part of the timing sync con-
trol or a part of the horizontal amplifier control.

20-86. The varying voltages which are to be
observed on the oscilloscope make their changes
in very small increments of time. To make these
changes visible, it is necessary to move the dot
across the screen at a very fast rate. This will
give the effect of a constant pattern. .The greater
the speed with which the dot is moved across
the screen, the more times per second it can be
swept across. The number of times the dot is
swept across the screen each second is known as
the sweep frequency, and the length of time it
takes for the dot to trace the line is the sweep,
time. The latter is usually measured in terms of
microseconds (millionths of a second). This con-

,cludes the discussion of the principles of opera-
!don of the cathode-ray tube as used in an oscillo-

scope.
20-87. Electron Tube Identification. There are

two ways of identifying.electron tubes. the first
is by designation, where the numbers and letters
serve as a code. The second is by consulting
the tube manuals that are prepaied by various
tube maiufacturers. There arc, four parts of the
coded designation and each represents the fol-
lowing:

(1) Numberfilament or heater voltage.
(2) Lettertype of function of 'the tube.
3) Numberuseful elements. ,

(4) Lettersize or construction. ,-

137

Let's take a 5Y3G to illustrate.
(1) Filament or heater voltage-5 (5 volts).
(2) Tube functionY (recdfier; letters -"U"

to "Z" also denote rectifiers).
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Figure 141. Power supply block diagram

(3) Useful elements-3tuodiode).
(4) ConstructionG (glass envelcipe).

Thus, a 5Y3G is a glass-inclosed duodiode recti-
fier that requires 5 volts filament voltage. Now,
see what you cad do with type 50L6GT (L rep-
resents beam power amplifier) before proceeding-

...----, further. If you figure "beam power amplifier
with six useful elements that operates on 50 volts
and is housed in some sort of glass container,"

you are correct. This particular tube uses heater
voltage, and the heater and cathode are separate
elements. GT is the cale for a certain glass en-
velope that is somewhat smaller than the con-

-
ventional size.

, 20-88. Since thousands of different. types of

tubes are manufactured, there are numerous ex-

ceptions to the system. The situation is even
more confused with transmitting tubes because
the manufacturer of these tubes has his own
method of assigning numbers and letters. How-
ever, when possible, a faulty tube should be re-
placed with one made by the same manufacturer.

20-89. Since there is a lack of standardization
and since a simple designation does not disclose

the many operating characteristics of the various
tubes, personnel often have to refer to a tube
manual to obtain specific information.

20-90. Many of the electronic control systems
and components you will work on require a spe-
cial type of power for operation. This power is
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provided by built in or separate er supplies.
In the following section we will discuss- power
supplies and their operation.

21. Electronic Power Supplies
21-1. Electronic power supplies have a wide

variety of applications throughout the Air Force.
For example, many electrical shops have electri-
cal testers, such as the T-35 or T-170, that
contain power supplies. The oscilloscope- (dis-
cussed elsewhere in this volume) has a power
'supply that is an integral part of the set. Since

you are required to repair electrical shop test
equipment, it is necessary that you have a work-
ing knowledge of power supplies.

21-2. Vacuum tubes require various values of
voltage for their different elements, such as fila-

ment, screen grid, and plate. Except for the
filaments, which can be heated with AC or DC,
the vacuum tube elements require DC voltages.
A typical power supply for an electronic device
is shown in the block diagram, figure 141.

21-3. The AC source can be any source of
alternating current. You know that 115-volt, 60-

Hz AC is typical of that encountered com-
mercially. In aircraft application, 400 Hz power
sources are most commoq.

21-4. The six elements of the power supply

shown in figure 141 are not all present in every
application. However, the AC source of power
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- CURRENT*" INTUTHIIIRtlitautUf....h6i11401.111T4lhahimita,

42350-1-7-141

%Figure 142. tlalf-wave rectifier.
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Figure 143. Full-wave rectifier.

and the rectifiers are essential and could provide
the necesiary power. The oth elements con-
tribute to the ability of the po er supply to pro-
vide a wider range of output oltages that are
smoother and more dependable.

21-5. Rectifier Circuits. Earlier in this chapter,
you learned that a diode vacuum tube acts as a
rectifier. There are various types of circuits that
are used for rectificationamong these are half-
wave rectifiers, full-wave rectifiers, bridge recti-
fiers, and polyphase rectifiers.

21-6. Half-wave rectifiers. The half-wave
rectifier shown in figure 142 is a circuit that uses
a single diode to rectify an alternating current.
T is_the_power_transformerliose :primary is
connected to an AC source. The rectified current
flows through the load resistor. The transformer
secondary applies an AC voltage between the
plate and cathode of the diode. However, cur-
rent flows only during that half-cycle when the
plate -is positive with respect to the cathode. Cur-
rent flows in only one direction, as indicated by
the arrows. However, the current is a pulsating
type, as shoyn by the waveshape. The frequency
of the pulse called ripple frequency. For each
type of AC input there is one pulse or one ripple.
Therefore, in this type of rectification, the ripple
frequency is equal to the AC input frequency.

21-7. The current flows through RE, and
causes a voltage drop to exist across it. Since
the current flows from point A to point B in RI.,
point A is negative with respect to point B. Be-
cause the current through RL is pulsating, the
voltage developed across it is also pulsating. From
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the wave shapes of the output voltage and cur-
rent, you can see why this type of rectifier is
called a half-wave rectifier.

21-8. If the tube is reversed so that the plate "
is connected to point B and the cathode to point
1 of the transformer secondary, current flows
through RL in the opposite direction (from B to
A). Since A is at ground potential, the output
voltage across RL is negative in this case.

21-9. The output voltage of a half-wave recti-
fier drops to a low value if a load requiring much
current is connected to the output terminals. Half-
wave rectifiers are therefore used where current
drain is low and high voltages are required. The
high-voltage power supply circuit for an oscillo-
scope is usually a half-wave rectifier.

21-10. Full-wave rectifiers. The half-wave
rectifier finds many applications but it has several
disadvantages. Some of these disadvantages are
overcome by the use of a full-wave rectifier. A
full-wave rectifier uses both halves of the AC
cycle in its rectification process. A typical full-
wave rectifier is shown in figure 143,A: If you
compare this circuit with that of a hilf-wave
rectifier, you will note the following two differ-
ences: (1) The full-wave rectifier employs .two
diodes, and (2) the high-voltage transformer
secondary of the full-wave rectifier iscenter-
tapped (CT).

21-11. Note that the center tap is returned to
ground and then through RL to the cathodes of
V1 and V2. Point 1 of the high-voltage winding
is cdnnected to the plate of V1 and point' 2 is
connected to the plate of V2. Thus, the AC
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Figure 144. Rectifier with capacitor-filtered output.

voltage developed from 1 to CT is applied across
V1 and the voltage from 2 to CT is applied
across V2.

21-12. The two diodes conduct alternately be-
cause, at any given instant, one plate is positive
and the other negative; a half-cycle, later the
polarity of the voltages, is reversed. The direc-
tion and path of current through Vi is shown
by the solid arrows and through V2 by the dotted
arrows. Both currents flow through the -load re-
sistor in the same direction. The output.-and in-
put voltage wave shapes are shown in figure
143,B. Note that the frequency of the pulses is
twice the frequency of the AC source. If 60-
Hz AC is rectified by a full-wave rectifier, the
ripple frequency is 120 Hz.

21-13. In most applications, the two diodes
are included in one envelope. When Vi is con-
ducting, its plate is positive. The cathode of V2
is at the same potential; however, its 'plate is
negative at the same instant. Each tube must,
therefore, be capable of withstanding twice the
peak y,oltage applied to the tube in the reverse.
direction. This is known as the inverse peak
voltage and must be taken into consideration in
the design of a full-wave rectifier.

21-14. In full-wave rectifiers, where half of
the high-voltage secondary is connected across
each diode, the DC output voltage is. propor-
tional to half of the secondary's AC voltage. On
the other hand, in half-wave rectifiers, the entire
voltage of the high-voltage secondary is applied
across the diode. The high-voltage secondary
winding of a full-wave rectifier must, therefore,
provide approximately twice the AC vOltage to
give the same DC output. A major disadvantage
of full-wave rectifiers is that transformers- of
higher voltage output are necessary. At higher
values of voltage, a difficult problem is' created
because of the excessive amount of insulation
required. As a result, where thousands of volts
are supplied, half-wave rectifiers are usually used.
However, full-wave rectifiers tare used in power
supplies which require a high-current drain at a
lower voltage.

/3 2

21-15. Filters. You have seen that the recti-
fier changes AC voltage to DC voltage. How-
ever, the DC voltage output of the rectifier is a
pulsating DC voltage; that is, it has pulses or
ripples. These ripples may be considered to be
an AC voltage superimposed on a DC voltage.
If the output from a rectifier is to be used to
provide voltages for certain vacuum tube circuits,
the ripple must be removed or reduced, other-
wise distortion may occur. The filter of a power
supply is the device that removes or reduces the
magnitude of the AC component (ripple) of a
rectifier so that only the DC component is ef-
fective.

21-16. Individual reactances as filters. A re-
actance that opposes a change in voltage (or cur-
rent) by storing energy and then releasing this
energy back to the circuit may be used as a
filter.

21-17. You have seen that a capacitance op-
poses a voltage change across its terminal by
storing energy in its electrostatic field. When-
ever the voltage tends to rise, the capacitor con-
verts this voltage change to stored energy. When
the voltage tends to fall, the capacitor converts
this stored energy back to voltage. The use of
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Figure 145. Capacitor-filtered output wave shaper.
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Figure 146. Rectifier with inductor-filtered output.

a capacitor for filtering the output of a rectifier
may be seen in figure 144. The rectifier is shown
as a block in the illustration, and the capacitor
C1 is connected in parallel with the load L.

21-18. The capacitor CI is chosen to offer
very low impedance to the AC ripple frequency
and very high impedance to the DC component.
The ripple voltage is, therefore, bypassed to
ground through the low-impedance path, while
the DC voltage is applied unchanged to the load.
The effect of the capacitor on the output of the
rectifier may be seen in the wave shapes shown
in' figure 145. Dotted lines show the rectifier, ,
output; solid lines show the effect of the capacitOr.
Half-wave and full-wave rectifier outputs are
shown. The capacitor C1 charges when the recti-
fier voltage output tends to increase and dis-
charges when the voltage output tends to de-
crease. In this manner, the voltage across the
load Re, is kept fairly constant

21-19. An inductance may be used as a filter,

trtre

-o

becauie it opposes a change in current through
it by storing energy in its electromagnetic field
whenever current tends to increase. When the
current through the inductor tends lo &crew,
the inductor supplies the energy to maintain the
flow of current. The use of an inductor for
filtering the output of a rectifier is shown in
figure 146. Note that the inductor L1 is in series .
with the R. load.

21-20. The inductance L1 is chosen to offer
high impedance to the AC ripple voltage and
low impedance to the DC component. There-
fore, for the AC ripple, a very large voltage
drop occurs across the inductor and a very small
voltage drop occurs across the load R. For the
DC component, however, a very small voltage
drop occurs across the inductor and a very large
voltage drop occurs across the load. You can
see the effect of an inductor on the output of a
full-wave rectifier in the output wave shape.
Note how the ripple has been attenuated in the
output voltage.

21-21. LC filters. Capacitors and inductors'
are combined in various ways to provide more
satisfactory filtering than can be obtained with a
single capacitor r inductor. Several combina-
tions are shown sc matically in figure 147. Note
that the L, or inve type, and the T type
filter sections resemble schematically the- corre-
sponding letters of the alphabet. The pi type filter
section resembles the Greek letter pi (7r) sche-
matically.

21-22. The filter sections shown in figure 147
are similar in that the inductances are in series
and the capacitances are in parallel with the
load. The inductances must, therefore, offer a
very high impedance and the capacitors a very

Figure 147. Types of LC filters.
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Figure 148. "No-section filters.

low impedance to the ripple frequency. Since
the ripple frequency is comparatively low, the
inductances are iron-core coils having large values'
of inductance (several henrys). Because they
offer such high impedance to the ripple fre-
quency, these coils are called chokes. The ca-
pacitors must also be large (several microfarads)
to offer very little opposition to the ripple fre-
quency. Because the voltage across the capacitor
is DC, electrolytic capacitors are 'frequently used
as filter capacitors., Be sure you observe the cor-
rect polarity in connecting electrolytic capacitors.

21-23. More than one section of a ,given type
of filter niay be combined to im'prove the filtering
action. An illustration of two-section filters is
shown in figure 148.

21-24. LC filters are also classified according
to the position of the capacitor and inductor.
A capacitor-input filter is one in which the
capacitor is connected directly across the output
terminals of the rectifier. Filter sections A and
D in figure 147 are examples Af the capacitor-
input filters. A choke-input filter is one in whieh
a choke precedes the filter capacitor. Filter sec-
tions B and C in- figure 147 are examples of
choke-input filters.

21-25. The most common type of filter used
with half-wave rectifiers is the capacitor input,

C A

4

42350-1-7I53

pi type filter shown in figure 149. When the
electrons flow in the path shown by the solid
arrows, the capacitors are charged as shown. If
RL is not connected and the capacitors are as-
sumed to have no leakage, the output voltage is
equal to the peak value of the AC voltage ap-
plied from the secondary of the transformer. If
RL is connected, the capacitors discharge through

kit, as shown by the dotted arrows. The e tent to
which the capacitors discharge depends up the
value of the load. The voltage falls, rapidly as
the current drain increases.

21-26. The resistor R shown as part of the
filter is called a bleeder resistor. It is used to
discharge the capacitors when the equipment is
turned off. The resistor should be large; it should
not draw more than 10 percent of the rated cur-
rent. The output voltage of a rectifier with a
capacitance-input filter is approximately peak
value if the current drain is low, but the load
must be extremely light. Because the output
voltage depends on the value of the load, a ca-
pacitance-input filter has poor voltage regulation.
If a full-wave rectifier is used with a capacitance-
input filter, there is a slight improvement in the
filtering action. However, the voltage regulation
is still poor.

42350-1-7-155

Figure 149. Half-wave rectifier with capacitorinput pi type filter.
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Figure 150. Full-wave rectifier with choke-input filter.

21-27. Choke-input filters provide better volt-
age regulation than capacitance-input filters. As
a result, choke-input filters are used to a great
extent in power supplies for transmitters and
other electronic circuits that require considerable
power. However, the choke-input filter raNires
full-wave rectification and gives less DC output
voltage for a given AC input.

21-28. A full-wave rectifier with a choke-in-
put filter is shown in figure 150. The pulsating
current from the full-wave rectifier flows through
the choke and the load. The choke opposes the

SI
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changes in current and reduces the niQnitude
of the ripple. The capacitor filters the AC com-
ponent further. When a small amount of current
is drawn, the voltage' drops rapidly and then re-
mains fairly constant over a wide range of load.
This type of filter gives good current regulation
under changing load conditions or heavy drain.

21-29. RC filters. In many applications, a
resistor is use41 to replace the coil in a filter to
save expense. A disadvantage of this type of
filter is that the resistor offers the same imped-
ance to the DC voltage as to the AC component.
In addition, current flow through the resistor
causes power to be dissipated in the form of heat.

21-30. From our discussion up to this point,
you have seen that filters ars an important part
of an electronic power supply. Now let us take a
look at a low-voltage powej supply and see just
how the output voltage is affected by the filter.

21-31. Power Supply Systems. A wide variety
of power supply systems is used in electronic
units, depending on the application of the unit.
There are low-voltage systems, medium,voltage
systems, high-voltage systems, and in some cases,
combination type systems. We will limit our dis-
cussion to a low-voltage system.
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21-32. A complete power supply system lg,
supply low voltages is shown in figure 151. This
circuit shows a full-wave rectifier, filter section,
voltage-regulator circuit, and voltage-divider net-
work all combined in a single power supply unit.
This circuit arrangement is typical, and if addi-
tional filtering is required, 'chokes or capacitors
can be added after capacitor C2. The function of
the power supply is summarized here in terms of
the complete unit. . .

21-33. Aeferring to figure 1.51, you see that
the input voltage to the power transformei pri-
mary is 115-volt, 60-Hz AC, which Is a standard'
value of power-line voltage. The transformer has
three secondary windings, two being loW-v,oltage
windings and the third a high-voltage winding.
(The term "high voltage" is used here to make
a distinction between the filament,N;oltage and the
voltage applied to the platei of the rectifier tube.)
In one of the .low-voltage windings, the voltage
is stepped down to a value of 6.3 volts and pro-
vides the power for the .fijaments of all 6.3-volt
tubes in the power supPly and its associated
equipment. The other low-voltage winding pro-

.

vides a stepped-down voltage of 5 volts for op- .
eration of the filament of rectifier tube Vs. In
the high-voltage winding, the voltage is stepped

. up from the input value of T15 volts (rms) to a
total secondary value of 1290 Volts peak mil ap-
proximately 900 volts.rms. This 'value represents
a step-up of almost eight times. -Waveforms
showing the voltage on the priinary of the,trans-
fonner and the stepped-up voltage of the high-
voltage secondary winding are shown in item A.

21-34. The high-voltdie secondary 'of the
.....

power transformer is tapped in the center to pro-
vide the common B-minus return lead for the
power supply. This tap is placed at the electrical
tenter of the winding so that equal voltages are
applied to the Plates of rectifier tube Vs. from
each end of the secondary winding to the center
tap, 'approximately 450 volts (rms) is available,
and this voltage is applied to the plates of the
rectifier tube.

21-35. The rectified voltage appears at the
center tap of the 5-volt filament transformer in
item C. This winding is center tapped so that the
plate current for the two sections of the full-
wave rectifier will divide equally in each fila-
ment lead. The rectified pulses then will,be equal
in amplitude as shown in the waveform in item
B. The operation is as follows: When switch S1
is closed, the 115-volt, 6041z AC line voltage is
applied to the primary of the power transformer.
This voltage is indicated by the ,smaller wave-
form in item A. The larger waveform in A
reprelents the stepped-up voltage acrois the full

..

/1/
,

high-voltage secondary winding, which is 1290
volts (peak). i21-36. The two plates of the rectifier tube Vs
conduct alteitnately as each 'plate.is made positive
by the alternating voltage onlhe transformer sec-
ondary. Pulses of current flow from the, filament
to each plate as each lilate goes positive. Since
edch plate is in operation ,for only half of an
input cycle, thepurrent through the rectifier tube
always flows in the' same direction as the action
swings from one plate to the other. The curre4
in the filament line, therefore, shows a con-
tinous pulsating current flow in this, 'one . di-
rection..,The waveform representing this action is

ishown n item B. (In practice, this waveform ap-
pears pnly when there is'no filter connected to
the yectifier tube'butput. When the filter is used;
as shown in the diagram, tlie, actual wavefo is

similar to that shown in it9pC.) .

Z1-37. The tectified current pulsations are fi
tered and smobthed by the action of Cs, Ls, and'
C2, which are connected in a, simple rr-filter
arrangement. The charge and 'discharge of the
filter capacitors smooth the gaps between the rec-*
tified current pulses. The current flowing through
thePholce builds up a varying magnetic field,'and
this field tends to retard the flow of current as it
increases and to maintain the current flow when
it collapses. The effect of this is to produce a
more constant flow of current through the circuit.
The waveform at the filter output in item C is
represented by the heavy line superimposed upon
the peaks of the dotted current pulses. The ca-
pacitor input filter of the circuit allowl a higher
voltage output with a lower load current than
that of a choke-input filter. However; a choke-
input filter. would provide a more constant value
of output`voltage with less ripple under changing
load conditions.

21-38. The voltage regulator circuit provides a
constant value of output voltage despite variations
in the input,voltaid or changes in load conditions.
The pass tube V2 is in series with the output cir-
cuit. Resistor R4, tube Vs, and glow tube VR-
150 are connected in series across the output.
The VR tube holds the cathode of Vs at a con-
itant potential with respect to ground. The set-
ting of potentiometer R2 determines the bias on
the control grid Of Vs. The current passing
through resistor R4 establishes the bias voltage
Which, determines .the interval resistance of Va.
These conditions are set to provide the rated
current across the voltage divider. When the load
draws a larger-than-rated current, the terminal
voltage of the power supply tends to decrease.
This places a more negative bias on the grid of
V3 and less current flows through V3. The re-
duced current through R4 provides a less negative
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Figure 152. Trio& With grid connected directly to
cathOde.

'bias on the grid of V2 and decreases the internal
resistance of this tube. Consequently, the volt-
age drop across the tube becomes las and the .
output voltage increases. In a welklesigned c\....,
cuit, the reduced voltage drop across tube V2 is
just sufficient to compensate for the reduced out-
put voltage, and the voltage across the output
terminals orlhe power supply is restored auto-
matically to The rated value. When the terminal
voltage ineireases, a similar action occurs in the
opposite direction, and the output voltage remains
constant. The output ,voltage appekring acrosi
R4, V3, and the VR tube is a 'fairly constant DC
voltage, shown in item p.

21-39. The bleedei:divider resistor connected
across the power-supply output performs three
functions. As a bleeder, the ,resistor acts as a
safety device to permit the filter .capacitors to
discharge when the equipment is turned off. As a
load resistor, it acts as a stabilizer to protect the
voltage regulator when no load is connected to
the power supply and also helps to improve the
regplatidn. As a voltage divider, it is tapped at
various points along its length to provide inter-
mediate values of the maximum voltage across
the power-supply output. The bleeder-divider re-
sistor can be grounded at the lower end, or it
can be grounded at some point of higher potential
along its length in order to provide negative volt-
age, or voltages, between the grounded point vid
B minus of the power supply. In item B,othree
positive outputs and one negative output ( 40
volts) are obtained. Their polarities are shown
with relation to ground. Amplifiers use power
supplies to provide high voltage DC. The next
section utilizes the power supply in explaining
circuit operation..

22. Amplifier arcuite
22-1. In the earlier discussion of triodes, their

importance in the development of tubes was
pointed out. In the course of describing their
construction, constants, and capacitance, you

were told something about their operation. Now,
let's gee downtto details. If the grid is connected
directly to the cathode, as shown in figure 152,
there will be no potential between the two ele-
ments: By applying a normal potential between
the plate and cathode, the electron flow is af-
fected only slightly, if at all, by the grid. As the
diagram shows, the electrons are pulled across
the tube by the positive plate potential. Only 0
those moving directly toward a grid wire strike
the grid, where they are deflected or captured.
Those electrons that pass through the wire spaces
enter the plate. You may recall that the attrac-
tion of the plate for an electron depends on the
plate voltage and the distance between the plate
and the 'electron source. The closer together the
electron and the plate, the greater the attracting
force. The same principle holds for the grid when
it bears an electrical charge.

22-2. Suppose a small DC potential (bias) is
connected between the grid and cathode, as
shown in figure 153. Since the grid is much closer
to the cathode than the plate, it will have more
effect on the emitted electrons than the plate
when voltage is applied to both these elements.
As a matter of fact, this effect is so strong that a
far greater voltage can be applied to the
plate and the grid will still exercise more
influence over the electrons.

22-3. If the grid were a solid plate, it would
capture all the electrons, and the result would be
a large current in the grid-cathode circuit. But
since the grid is open, many of the electrons
attracted to it actually pass through it. Aus,
the electron flow to the plate is increased. There-
fore, the more positive the grid becomes, the

,
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Figure 154. Er-I, curve.

more the plate current' increases. Eventually, the
grid attains a state of charge at which it begins
to attract more electrons to itself. At that time, it
begins to rob the plate of electrons. The result is
a small,but undesirable current floW in the grid-
cathode circuit. However, there is a limit to the
amount of increase in plate current that can be
obtained by raising the positive charge on the
control grid.

22-4. Let's assume that the potential on the
grid is reversed. This element will now repel
electrons. If the negative voltage becomes great
enough, all electron movement between the cath-
ode and plate will cease. However, if the grid
becomes only slightly negative, the plate current
will decrease accordingly. .

22-5. You can readily see that a voltage ap-
plied to the grid will control the plate current.
Moreover, such a voltage can also be used to vary
it. If an AC signal voltage is applied between
the grid and cathode, the alternate positive and
negative half-cycles will produce up and down
variations in the plate current. You are not look-
ing for plate current variations, however, but for
an amplified signal voltage. This can be obtained
by simply connecting a load tesistor in the plate
circuit, as was shown previously in figure 153.
This arrangement forces varying plate current to
flow through the load resistor, and the resulting
voltage drop, across it will vary with the current.
Thus, each time that the grid signal voltage
varies, there is a change in both the plate current
and the voltage across the load resistor. In other
words, a signal voltage fed onto the grid is re-
produced as a similar voltage across the load re-
sistor; none of the plate current comes from the
signal source. The grid signal voltage merely
controls the floW of current from the power supply

4

through the tube. You may find it easier to re-
member this action if you recall that it was men-
tioned earlier that the. gridsis a kind of electrical
valve.

22-6. But, is this wIlat you want in the voltage
developed across the load resistor? Remember,
you started out With the idea of using a tube to
amplify a small grid or signal -voltage. Your
desire was to produce a voltage that would have
the same general form as the signal voltage bur
would be considerably larger in magnitude." Let's .
find out, then, if it is larger. Ohm's law states
that the voltage drop across the resistor is equal °
to the current flowing through it, multiplied by its
resistance, or E = I X R. From the equation,
you can see that when R is large, even a fairly
small plate current through it results in a large
voltage drop. By the same token, a small change
in plate current provides a big changein-the volt-
age drop.

22-7. When you combine this information with ?

the fact that a small change in grid voltage will
produce a considerable one in plat current, you
can see that it doesn't take muc1l of a signal
voltage change to cause a large o e across the
plate load resistor. Thus, by using this resistor,,
the signal voltage is amplified.

22-8. Grid 'Voltage, Plate Current Curve.
There are restrictions that must be placed on the
operation of triodes. For one thing; the amount
of signal that can be applied to the grid is limited.
If it is too great, the resulting changes in the
plate current will not be carbon copies of the
applied signal; and the output may be distorted. -
This is not too much of a problem when handling
small signals, but after several stages of amplifi-
cation the signal bUilds up to such proportions
that tubes capabl.c.of handling large grid voltage
variatiobs musf) be used. To understand these
limits better, study the Er-I, curve, shown in
figure 154, which shows the relationships between
the grid voltage and the plate current.

22-9. The shape of the typical Er-I,p curve is
quite similar to that of the .other curves already
mentioned. Since it has both positive and Jiega-
tive values of grid voltage, you must insert the
vertical line OX to represent zero grid voltage.
The distance along the horizontal reference line
to the left of OX indicates increasingly negative
grid voltage values, and the distance to the right,
positive values. When there is a highly negative
grid voltage (distance from OX to point A), there
is no plate current. Assume that this negative
voltage is gradually reduced. When the value
represented by point B is reaaed, plate current
will flow. (The EkI9 curve begins here.) The ,

cutoff point is B, because it indicates the nega-

146

152

4

)



. 7

I IA S

IOPERATING POINT)

PLATE

CURRENT

CUTOff

10

7

:11

emr !NO WO
tipoki

1

SIAS VOLTAGE
-10

1TIME
1

3

3

OUTPUT
PLATE CURRENT

INPUT G kID
SIGNAL

-3 TO -IS, VOLTS

42350-1-7-1g

Figure 155. Grid signal variation-plate current (class
A amplifier).

tiVe grid voltage which cancels the effects of the
plate voltage. Any grid voltage that is more nega-
tive than this will "cut off' the plate current.
As this voltage becomes less negative, the plate
current will mount. Once the bend or "knee" of
the curve (point C) has been reached, the plate
current ificrekses almost in step* with the gtid
voltage changeand the curve will approadh a
straight line between points C and D. As the zero
grid bias line (OX) is" passed and the grid be-

. eiSmes increasinsly more positive, the dtirve be-

lp

*

gins to flatten out toward point E. At the same
time, the grid beghts to attract electrons to itself.
As pointed out earlier, the grid current increases
steadily as it becomes more positive, and the
grid now robs the stream and reduces the num-
ber of ereetrons that might be expected to gd to
the plate. In amplification, grid current is gen-
erally not needed; therefore, the tube .onist be
preVented from operating on the upper curved
part of its characteristic curye. If exact dupli-
cation of the signal voltage is desired, the tube
must 'operate in the straight-line portion of the
curve. To have the tube function near the mid-
dle of the straight portion, grid bias must be used.

22-10. Grid Bias. Earlier the term "bias" was
Mentioned several times. Now it is necessary to
take up the subjecrin detail. In a moment, you
will find out how grid bias is used. First, let's
discuss its Purpose. With grid bias, the develop-
ment of a grid current is avoided by keeping the
grid negative at all times. This is done by con-
necting the DC voltage between it and the cath-

' ode, as pointed out in figure 153. The word
"bias" is used for the DC voltage that influences
the initial of)erating plate current. The explana-
tion should make this clear. A bias voltage which
causes the tube to operate at point F on the
curve shown in figure 155 sets The initial plate
current at some particular value. After point F
has been established, an AC signal voltage can be
applied to the, grid. This signal alternately adds
to or subtracts froM the .grid bias voltage, making
it successivelji more or less negative, If the bias
voltage is ,10 volts'and the applied AC signal
has a peak of,5 volts, the grid voltage will change
alternately from 5 to 15 volts. The. grid

42350-1-7-162

Figure 156. Excessive signal voltage distortion.
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Figure 158. Cathode bias.

voltage then becomes a pulsating DC because it
is a mixture of DC and AC. As shown in figure
155, these changes in grid voltage cause alternate
increases and decreases in plate current. The
point F represents the operating point of the tube
as set up by the bias voltage. When the grid
voltage is varied by the AC signal (1-2-3-4--5),
the operating point must follow the instantaneous
grid voltage up and down the curve between
points C and D. Thus, when the grid bias is

reduced by the signal swing from 1 to 2, the
grid becomes less negative and the operating
point moves from F to D, permitting an increase
in plate current from 7 to 8. Similarly, during
the swing from 2 to 3 the grid becomes more
negative, and the operating point goes from D
to C, resulting in the plate current falling from
8 to 9. Hence, the AC grid voltage (1-2-3--4-5)
produces the plate current variation (7-8-9
10-11). If the bias voltage changes during the
operation, so will the plate current, and varia-
tions will occur that are not the result of the
original signal. Therefore, to prevent this, a
steady DC voltage has to be furnished so that
these variations will be caused only by the signal
voltage.

22-11. As long as the tube operates along the
straight line portion of its characteristic curve and
the AC voltage applied to the grid is not large
enough to make the grid positive, the plate current
variation will produce a voltage across the load re-
sistor that is similar in form to the grid signal
voltage. As you know, excessively high signal
voltages or operation over a curved portion of the

characteristic curve will result in distortion. For
example, in figure 156 the grid, bias is overly
negative and, therefore, causes operating point
M to fall too close to the lower bend. The curva-
ture reveals hov, the bottoms of the plate current
pulses are chopped off, thereby giving t dis-
torted ABC--DE Curve. For exact refroduc-
don of the grid signal plate, the current would
have to follow the ABHDI curve.

22-12. Now that you are familiar with the
term "bias," let us examine some of the methods
used to provide bias voltage.

22-13. Fixed bias. Figure 157 illustrates one
method of obtaining bias, wiatkch is through a
voltage' divider, network in cathode circuit.
This is referred to as fixed bias and establishes
the initial plate current. To explain this method,
let us assume that point A in the illustration is
at a potential of 7 volts. Since the grid is at
ground potential assuming no grid current flow,
the bias on the tube is also 7 volts. Under' these
conditions, when the tube conducts because of a
grid signal, additional bias will result from the
4111 drop.

22-14. Cathode ¢ias. Another method of,pro-
viding bias is called cathode bias, or self-bias.
As shown in figure 158, a. resistor has been
placed in the, cathode circuit. As the tube con-
ducts, there will be current flow across Rk. Point
A will be at a positive potential with respect to
ground because of 'the IR drop across re§istor Rk.
Since the grid is at ground potential, the cathode
is positive with respect to the grid, or the grid will
be negative with respect to the cathode. The
amount of bias on the tube is equal to the IR
drop across Rk. Any change in current flow
through the tube will change the bias. To stabi-
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coupling circuit transfers the AC signal voltage
between the stages while isolating the DC plate
voltage from the grid of the following tube. There
are two primary methods by which amplifier
stages are coupled together, the, resistance-ca-
pacitance and transformer types, both of which
are shown in figure 160.

22-18. Resistance-capacitance coupling. In the
resistance-capacitance (or simply the RC-cou-
pled) amplifier, the biased cathode shown in the
figure is the most commonly used. For the grid
of the second stage, the coupling capacitor (Cc)
provides a low-impedante path, and the resistor
(Ri) furnishes high enough resistance to permit

13+ =

TRANSFORMER-COUPLED AMPLIFIER
42330-1-7-1114

Figure 160. Types of coupling for triode amplifiers.

lize the bias voltage, a filter capacitor (C1) is

placed in parallel across the cathode resistor.
22-15. Grid-leak bias. A third method of ob-

taining bias voltage is called grid-leak bias. This
method is shown in figure 159. If an alternating
current is applied to the grid, the grid will be-
come positive with respect to the cathode during
the positive half-cycle, and some electrons will
pass from the cathode to the grid. In other words,
grid current will flow and capacitor C1 will

charge. Capacitor C1 will tend to charge very
rapidly, because when the grid draws current
the grid-to-cathode resistance of the tube drops
to a very low value (usually about 1000 ohms).

22-16. On the negative half-cycle of the ap-
plied alternating current, capacitor C1 attempts
to discharge through resistor RI. Resistor R1 is
usually a large-valued resistor, between 500 K
and 1 megohm, which means that the discharge
rate of C1 will be slower than its charge rate.
Thus, the grid is negative in respect to the cath-
ode which is at ground potential, and bias is
established.

22-17. Coupling. When one stage of amplifi-
cation (a tube and its circuit connections) is

coupled to the next, the plate cannot be
connected directly to the gnd of the following
stage. Instead, a special circuit is used. The
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Figure 162. Class A amplifier operation.

as much voltage as possible to be transferred
there. .

22-49. The coupling between the two stages
takes place in the following manner. When a
signal is applied to the grid of the first stage,
voltage variations, in the plate circuit are im-.

pressed upon the grid of the second tube through
the coupling Capacitor and the grid resistor (Rg).

22-20. The coupling capacitor, in addition to
providing a path fbr AC to reach the grid of the
followingtube, also prevents the plate voltage of
the first tube from reaching the grid of the second
one.

22-21. Transformer coupling. Although not as
common as the resistance-capacitance type, the
transformer method is often used to couple ampli-
fier stages. In the transformer circuit, shown in
figure 160, current from the plate of the tube in
the first stage flows through the primary (Lp)
and causes a voltage. This is induced into the
secondary (L,), to be applied to the gnd of the
second tube as a signal. The overall effect is
that the amplified signal of the first stage is
transferred by the transformer to the grid of the
second stage, where further amplification takes
place.

22-22. Just asdiportant to ,amplifiers as cou-
pling is feedback. We have already pointed out
several ways of controlling feedback. However,
a more interesting aspect of the topic concerns
the way we can use it to aidr amplification.

22-23. Feedback in Amplifiers. Sometimes a
portion of the amplified output energy is fed
back into the input circuit. If this feedback aids
the signal, it is called positive or regenerative;
if the portion is fed back to oppose the input
voltage, the feedback is called degenerative,
negative, or inverse.

22-24. Feedback can be obtained in several
ways, as shown in figure 161. In the first dia-

1

..

gram (part A) feedback voltage is developed
across the cathode resistor (Rk), which is not
liypassed as a result of the plate current flowing
through it. This voltage varies at the same rate
as that of the plate. Since Rk is located between
the grid and cathode, any voltage developed
across it is in series with the input signal of the
tube. This condition establishes a phase relation
suitable for degeneration. Thus, when a positive
signal appears on the grid, both the plate current
and the voltage drop across Rk increase. A volt-
age increase across the cathode resistor makes
the grid more negative with relation to the cath-
ode, which is opposite to the action provided by
the signal voltage. This arrangement is useful in
canceling distortion in the output signal deter-
mined from the EgI9 characteristic curve. Since
plate voltage changes in a tube do not dupli-
cate those of the grid voltage, there is some dis-
tortiob in the output wave shape. However, de-
generative feedback introduces a portion of the
distorted output into the input in reverse, thereby
counterbalancing the conditions that cause the
original distortion.

22-25 You also can get feedback by connect-No,ing a capacitor from the plate to the grid, as
shown in part B of figure 161. Here the plate
voltage changes produced by plate current varia-
tions are opposite in polarity to the original grid
voltage changes. The capacitor introduces a small
part of the plate voltage change into the grid cir-
cuit. This reflects the distortion in the plate cur-
rent in reverse, and thus virtually cancels the
distortion previously existing in the output.

22-26. Feedback can be used effectively in
multistage amplifiers (see part C in figure 161).
Not only is it useful for counteracting the effects
of distortion introduced by the tubes, but it can
also aid in eliminating out-of-phase relationships
caused by certain circuit components. For ex-
ample, feedback compensates for any changes in
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the inductive reactance of the deflection coil in
the circuit. When current flows through this coil,
its reactance changes and alters the plate volt-

age. In turn, this alteration moves around the
feedback loop and counteracts the inductance
change. This action makes the plate voltage nor-
mal and insures an undistorted output.

22-27. In some circuits, i!actance elements
send positive feedback into t circuit and catise
it to oscillate. This condition is all right in oscil-
lators but not in amplifiers. Therefore, a type of
feedback arrangement similar to that in the two-
stage feedback amplifier must be used to intro-
duce a negative feedback into the input to, cancel
the effects of the regeneration.

22-28. The discussion of electron tube and
amplifier circuits is not finished. Although many
other tube circuits could have been presented,
only those relevant to your work on aircraft elec-
trical installations have been discussed. Know
these circuits completely, and your job will be
greatly simplified.

22-29. Applying Definite Signals to an Ampli-
fier. By studying the application of a small signal
voltage to the grid and by observing the highly
amplified voltage change it causes in the plate
output circuit, it is easy to see how an amplifier
works. The following discussion deals with a
simple class A amplifier, such as that shown in
figure 162, and a capacitor-coupled class A am-

, plifier, such> as that shown in figure 163. Using
the diagram in figiire 162, let's determine the
plate voltage and current values.

22-30. Assuming that R1 is 40,000 ohms and
plate potential is 320 volts, when grid voltage
varies from 4.25 to 3.75 volts, plate output
voltage will vary from 132 to 140 volts. This is
evidencsd by comparing the grid voltage, R1
voltage 'drop, plate output voltage, and current
sine wayes in figure 162. According to the sine
waves, when grid voltage is 4 volts, plate cur-
rent will be 4.6 milliamperes. This means that
the voltage drop across RI will be 184 volts.
This can be proved by applying Ohm's law.

E = IXR
= 40,000 x 0,0046
= 184 v

Therefore, since plate potential is 320 volts and
184 volts is lost across RI, plate output voltage
will be 136 volts.

22-31. When grid voltage goes to 3.75 volts,
plate current will go to 4.7 milliamperes. This
means that the voltage drop across R1 has in-
creased to 188 volts; therefore, plate output volt-
age will be 132 volts. Remember, the reason for
the increase in plate current is the fact that the
control grid has become more positive, which
allows more currentto flow.

22-32. Now suppose the grid voltage is driven
to 4.25 volts. This will cause plate current to
decrease to 4.5 milliamperes. Using Ohm's law

once again, you will find that the voltage drop
across R1 is 180 volts, which means that plate
output voltage will increast to 140 volts.

22-33. From the preceding discussion you

should be able to understand better how amplifi-
cation is accomplished. Suppose another tube is
added in series with the first. Now the plate of
the first tube is connected to the grid of the
second, as seen in figure 163. For the purpose of
illustration, let's use the simple capacitor-cou-
pled amplifier in figure 163.

22-34. With a 4-volt variation in grid signal
(above and below the 8-volt bias), the grid
will be 4 volts during one alternation and 12
volts during the other. By comparing the sine
waves as before, you can see the greater ampli-
fication in the second stage. As the grid signal
reaches 4 volts, the drop across R2 will be
228 volts and the plate output will be 172 volts.
When the grid signal reaches 12 volts, the
drop across R2 will be 112 and plate output will
be 288 volts. The plate current will vary from
4.5 milliamps to 9.1 milliamps as the voltage
varies throughout the circuit. As seen in the
drawing, the 4-volt variation in the first stage
causes a 58-volt variation in the second stage.

22-35. This concludes our discussion of the
electron tube and its application. By now you
should be able to troubleshoot tube type circuits.
Compare this information to other tube type cir-

cuits with which you may be working.
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APPENDIX A

Squares and Square Roots

2

1 1

2 4

3 9

4 26

5 25
6 36

7 49

8 64

9 82
10 loo
11 121
12 144
13 169
24 196
25 225
26 256
17 289
28 324
29 362
20 400
21 441
22 484
23 529
24 576
25 625
26 676
27 729
28 7e4
29 841
30 900
31 962
32 1024

33 1089
34 2256

35 2225
36 2296
37 1369
38 2444

39 1521
4o 1600
41 1681
42 1764
43 1849
44 2936
45 2025
46 2116
47 2209
48 2304
49
50

2401
2500

VT1- vr

1.000 3.162 51 2601 7.141 22.583
1.424 4.-472 52 2704 7.211 22.804
2.732 5.477 53 2809 7.280 23.022
2.000 6.325 54 2916 7.349 23.238
2.236 7.071 55 3025 7.426 23.452
2.449 7.746 56 3236 7.483 23.664
2.646 8.367 57 3249 7.550 23.875
2.828 8.944 58 3364 7.626 24.083
3.000 9.487 59 3431 7.682 24.290
3.262 10.000 60 3600 7.746 24.495
3.327 10:488 61 3722 7.810 24.698
3.464 10.554 62 3844 7.874 24.900
3.606 11.402 63 3969 7.937 25.100
3.742 11.832 64 4096 8.000 25.298
3.873 22.247 65 4225 8.062 25,495
4.000 12.649 66 4356 8.124 25.690
4.123 13.038 67 4489 8.285 25.884
4.243 23.426 68 4624 8.246 26.077
4.359 13.784 69 4762 8.307 26.268
4.472 14.142 70 4900 8.367 26.458
4.583 24.492 71 5041 8.426 26.646
4.690 14.832 72 5284 8.485 26.833
4.796 25.266 73 5329 8:544 27.019
4.899 25.492 74 5476 8.602 27.203
5.000 15.811 75 5625 8.660 27.386
5.099 26.225 76 . 5776 8.728 27.568
5.196 26.432 77 5929 8.775 27.749
5.292 16.733 78 6081, 8.832 27.928
5.385 17.029 -79 6241 8.888 28.107
5.477 27.322 80 6400 8.944 28.284
5.568 17.607 82 6561 9.000 28.,461

5.657 27.889 82 6724 9.055 28.636
5.745 28.266 83 6889 9.110 28.810
5.832 28.439 84 7056 9.265 28.983
5.926 18.708 85 7225 9.220 29.155
6.000 28.974 86 7396 9.274 29.326
6.083 19.235 87 7569 9.327 29.496
6.264. 29.494 88 7744 9.382 29.665
6.245 29.748 89 7921 9.434 29.833
6.325 20.000 90 8100 9.487 30.000
6.403 20.248 91 8281 9.540 30.166
6.482 20.494 92 8.464 9.592 30.332
6.557 20.736 93 8649 9.644 30.496
6.633 20.976 94 8836 9.695 30.659
6.708 22.223 95 9025 9.747 30.822
6.782 21.4148 96 3216 9.798 30,984
6.856 22.679 97 9409 9.849 31.145
6.928 21. 98 9604 9.900 31.
7.000
7.071

224
22.3 1

99
100

9801
10000 18:888

31.
31.623
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APPENDIX B

Natural Sines, Cosines, and Tangents

Angles

0° 00'
10
20
30
40
50

1° 00'
10
20
30
40
50

2°00'
10
20
30
40
50

r 00'
10
20
30
40
50

4* 00'
10
20
30
40
50

5* 00'
10
20
30
40
60

r 00'
10
20
30
40
50

r 00'
10
20
30
40
50

r 00'
10
20
30
40
50

r or
Angles

eines
Nat. Log.
.0000 as
.0029 7.4631
.0058 7648
.0087 9408
.0116 8.0668
.0145 1627
.0175 8.2419
.0204 3088
.0233 3068
.0262 4179
.0291 4837
.0320 5000
.0349 8.5428
.0378 5776
.0407 8097
.0436 6397
.0465 6677
.0404 6940
.0823 8.7188
.0552 7423
.0581 7645
.0610 7857
.0640 8059
.0669 8251
.0698 8.8436
.0727 8813
.0756 8783
.0785 8946
.0814 9104
.0843 9256
.0872 8.9403
.0901 9645
.0929 9682
.0958 9816
.0987 9945
.1016 9.0070
.1045 9.0192
.1074 0311
.1103 0426
.1132 0539
.1161 0648
.1190 0755
.1219 9.0859
.1248 0961
.1276 1060
.1305 1157
.1334 1252

. .1363 1345
.1392 9.1436
.1421 1525
.1449 1612
.1478 1697
.1507 1781
.1536 1803
.1564 9.1943
Nat. Log.

Cosines

Cosines
Nat. Log.

1.0000 0.0000
1.0000 0000
1.0000 0000
1.0006 0000

.9999 0000

.9999 0000

.9998 9.9099

.9998 9999

.9997 9909

.9997 9099

.9996 9098

.9995 9998

.9994 9.9997

.9993 9997
.9992 9996
.9900 9998
.9989 9995
.9988 9995
.9986 9.9904
.9985 9993
.9983 9093
.0981 9992
.9980 9991
.9978 9990
.9976 9.9989
.9974 9989
.9971 9988
.9969 9987
.9967 9986
.9964 9985
.9962 9.9983
.9959 9982
.9957 9981
.9954 9080
.9951 9979
.9948 9977
.9945 9.9976
.9942 0975
.9939 9973
.9936 9972
.9932 9971
.9929 9969
.9925 9.9968
.9922 9966
.9918 9984
.9914 9063
.9011 9961
.9907 9959
.9903 9.9958
.9899 9956
.9894 9954
.9890 9952
.9886 9950
.9881 9948
.9877 9.9946
Nat. Log.

Sines

Tangents
Nat. Log.
.0000 a
.0029 7.4637
.0058 7648
.0087 9409
.0116 8.065e
.0145 162768.750
.0175 8.2419
.0204 3089

, .0233 3669
.0282 4181
.0291 4638
.0320 5053
.0349 8.5431
.0378 5779
.0407 6101
.0437 6401
.0466 6682
.0495 6946
.0524 8.7194
.0553 7429
.0582 7652
.0612 7865
.0641 8007
.0670 8261
.0699 8.8446
.0729 8824
.0758 8796
.0787 8960
.0816 9118
.0846 9272
.0875 8.9420
.0904 9563
.0934 9701
.0963 9836
.0992 9966
.1022 9.0093
.1051 9.0216
.1080 0336
.1110 0453
.1139 0567
.1189 0678
.1198 0786
.1228 970891
.1257 0995
.1287 1096
.1317 1194
.1346 1291
.1376 .1385
.1405 9.1478
.1435 1569
.1405 1658
.1495 1745
.1524 1831
.1554 1915
.1584 9.1997
Nat. Log.
Cotangents

Cotangents
Nat. Log.
a se

343.77 2.8363
171.89 2352
114.59 0591
85.940 1.9344

8373
87.290 1.7581
49.104 6911
42.964 6331
38.188 5819
34.368 5362
31.242 4947
28.636 1.4569
26.432 -4221
24.542 3899
22.904 3599
21.470 3318
20.206 3055
19.081 1.2806
18.075 2871
17.169 2348
16.350 2135
15.605 1933
14.924 1739
14.301 1.1554
13.727 1376
13.197 1205
12.708 1040
12.2.51 0882
11.828 0728
11.430 1.0590
11.059 0437
10.712 0299
10.385 0164
10.078 0034
9.7882 0.9907
9.5144 0.9744
9.2553 9664
9.0098 9547
8.7769 9433
8.5.555 9322
8.3450 9214
8.1443 0.9109
7.9530 9005
7.7704 8904
7,5958 8806
7.4287 8709
7.2687 8615
7.1154 0.8522
6.0082 8431
6.8269 8342
6.6912 8255
6.5006 8169
6.4348 8085
6.3138 0.800381°
Nat. Log.

Tangent*

ADO lie

309 0e.
50
40
30
20
10

89° 00'
50
48
30
20
10

88 00°
53
40
30
20
10

87° 00'
50
40
30
20
10

36° 00°
50
40
30
20
10

81511 00'
50
40
30
20
10

8411

20
10

83* 00'
80
40
30
20
10

82° OW
30
40
30
20
10
00'

Angle*
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APPENDIX B (Coned)

Angles Sines
Nat. Los.

Coainee
Nat. Log.

.

Tangents
Nat. Log:

Cotangents
Nat. Log.

Ang1e:

r 00' .1664 9. 1943 .9877 9.9946 .1584 9.1997 8.313k 0.8003 81° 0()
10 .1593 , 2022 .9872 9944 .1614 ,2078 6.1970 7922 54)
20 .1622 2100 .9888 9942 .1044 2158 6.0844 7842 40
30 .1650 2176 .98o3 9940 .16,73 2236 5 . 9758 7764 30
40 .1679 2251 .9858 9938 .1703 2913 5;8708 7087 20
60 .1708 2324 .9853 9936 .1733- 2389 5.7694 7811 10

10°00' .1736 0.2397 .9848 9.9934 . 1763 0.2403 5 6713 0.7537 80° 004
10 .1765 2488 .9843 9931 . 1793 23 -6 5.5764 7464 60
20 .1794 2538 .9838 9929 . 1823 2609 3.4845 7301 40
30 .1822 2606 .9833 9927 .1853 2680 5.3955 7320 30
40 .1851 2674 . 98fl 9924 . 1883 2750 5.3093 7254) 20
50 .1880 2740 .9 2 9922 .1914 2819 5.2257 7131 10

11.00' .1908 9. 2806 818 9.9919 .1,1944 9.2887
.2953

5. 144if 0.711379' 00'
10 .1937 287 .9811 9917 .1974 5.0658 7047 50
20 . 196.5 2934 . 9805 9914 . 2004 3020 4.9804 0980 40
30 .1994 2997 .9799 0912 .2035 3085 4.9152 6915 30
40 .2022 3058 .9793 9909 .2085 3149 4.8430 6851 20
,80 .2051 3119 .9787 9907 .2095 3212 4.7729 6788 10

ir ofy. .2079 9.3179 .9781 9.9904 .. 2126 9.3275 4.7040 0.0725 78° 00
10 .2108 3238 .. 9775 9991 .2156 3336 4.6382 6664 .50

20 .2136 3296 . 9769 9899 .2168 3397 4.5734, 8603 40
30 .2164 3353 .9763 9896 .2217 3458 4.5167 6542 30
40 .2193 3410 .9757 9893 . 2247 3517 4.4404 6483 20
60 .2221. 3466 .9750 9890 .2278 3576 4.3g97 , 6424 10

13' 00' .2250 9 . 3521 .9744 9.9887 .t309 9.3634 4. 3315 0.6366 77* 00'
10 .2278 3575 .9737 9884 .2339 3691 4.2747' 6309 80
20 .2306 3629 .9730 9881 .2376 374,g 4.2193 0252 40
30 .2334 3682 .9724 987 .2401 3804 4.1653 6196 30
40 .2363 3734 .9717 987 .2432 3859 4.1126 6141 20
50 .2391 3786 .9710 9872 2462 3914 4.0611 6086 10

14' 00' .2419 9.3837 .9703 9.9869 .2493 9.3968 4.0108 0,6032 76600'
10 .2447 3887 . 9696 9866 :2524 4021 3.9617 5979 50

20 .2476 3937 .9689 9863 .2555 4074 3:9136 5920 40
30 .2504 3986 .9681 9859 .2588 4127 3.8667 5873 30

40 .2532 4035 .9674 9856 .2617 4178 3.8208 5822 20

50 .2560 4083 .9667 9853 .2648 4230 3.7760 5770 10

16. 00' .2588 9.4130 .9659 9.9849 .2679 9.4281 3.7321 0.5719 73* 00'
10 .2616 4177 .9652 9846 .2711 4331 3.6891 5669 SO

20 .2644 4223 .9644 0843 .2742 4281 3.6470 5619 40

30 .2672 4269 .9638 9839 .2773 4430 3,6059 5570 30

40 .2700 4314 .9828 9838 .2805 4479 3.5656 6521 20

50 .2728 4359 .9621 . 9832 .2836 4527 3.5261 5473 10

166 00' .2756 9.4403 .9613 9.91428 .2867 9.4575 3.4874 0.5425 74* 00
10 .2784 4447 .9605 9825 .2899 4822 3.4495 5378 N
29 .2812 4491 .9.598 9321 .2931 4669 3.4124 5331 40

30 .2840 4533 .9588 9817 .2982 4718 3.3759 5284 30

40 .2868 4576 .9580 9814 .2964 4782 3.3402 5238 20

50 .2896 4618 .9572 9810 .3026 4808 3.3052 5192 10

17°00' .2924 9.4659 .9563 9.9806 .3057 9.4853 3.2709 0.5147 73' 0(Y

10 .2952 4709 .055.5 9802 .3089 4898 3.2371 5102 30

20 .2979 4741 .9546 9798 .3121 4943 3.2941 5067 40

30 .3007 4781 .9537 9794 .3153 4987 3.1718 5013 30

40 .3036 4821 .9528 9790 .3185 5031 3,1397 4969 20

50 .3062 4861 .9520 9786 .3217 5075 3.1084 4925 10

18° 00' .3090 9.4900 . 9511 9.9782 .3249 9.5118 3.0777 0.4882 72° 00'
Nat. Log. Nat, Log. Nat. Log, Nat. Log.

Angles Cosines Sines Cotangents Tongenta Angles
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APPENDIX B (Coned)

Ames gnu
- Nat. Log.

Combas
Nat. Log.

.

Tangenta
Nat. Log.

Cotaxigenta
Nat. Log.

.

Angler

18° 00' .3090 9.4900 .9511 9.9782 .3249 9. 5118 3.0777 0.4882 726001
10 .3118 4939 .9602 9778 .3281 5161 3.0475 4839 50
20 .3145 4977 .9492 9774 .3314 5203 3.0178 47! 40
30 .3173 5015 .9483 9770 .3346 5245 2.9887 4755 30
40 .3201 5052 .9474. 9765 .3378 5287 2.9600 4713 20
50 .3228 5090 .9465 9761 .3411i 5329 2.9319 4671 10

19° 00' .3238 9.5126 .9455 9.9757 .3443 9.5370 2. 9042 0.4830 7140'
10 .3283 5163 .9446 9752 .3476 5411 2.8770 4589 50
20 .3311 5199, .9436 9748 .3508 5451.2.8502 4549 40
SO .3338 5235" .9426 9743 .3541 5491 2.8239 4509 30
40 .3365 5270 .9417 9739 .3574 5531 2. 7980 4469 20
50 .3393 5306 .9407 9734 .3607 5571 2.7725 4429 10

20' 00' .3420 9.5341 .9397 9.9730 .3640 9.5611 2.7475 0.4389 70°00'
10 .3448 5375 .9387' 9725 .3673. 56.0 2. 7228 4350 50
20 .3475 5409 .9377 9721 .3706 (.689 2. 6985 4311 40
30 .3502 5443 .9387 9716 .3739 5727 2.8746 4273 '30
40 .3529 5477 .9358 9711 .3772 5706 2.8511 4234 20
50 .3557 5510 .9346 9706 .3805 5804 2.8279 .4194 10

21* 00' .3584 9.5543 .9336 9.9702 .3839 0.5842 2. 6051 0.4158 69° 00'
10 .3811 5576 .9325 9697 .3872 5879 2:5826 4121 50
20 .3638 , 5609 .9315 9692 .3906 5917 2.5605 4083 40
30 .3665 5641 .9304 9887 .3939 4954 2. 5386 4046 30

' 40 .3892 5673 .9293 9682 .3973 5991 2. 5172 4009 20
50 .3719 5704 .9283 9677 .4006 6028 2. 4960 3972 10

22° 00' .3746 9.5736 .9272 9.9672 .4040 9.6064 2. 4751 0.3936 68 00'
10 .3773 5767 .9261 . 9667 .4074 6100 2. 4545 3900 50
20 .3800- 5798 .9250 9661 .4108 6136 2.4342 3884 40
30 .3827 5828 .9239 9656 .4142 6172 2. 4142 3828 30

', 40 . 3854 5869 .9228 9651 .4176 6208 2. 3945 379 20
50 .3881 5889 .9216. 9646 .4210 6243 2. 3750 3757 10

23° 00' .3907 9.5919 .9205 9.9640 .4245 9.6279 2. 3559 0.3721 67' 00'
10 .3934 5948 .9194 9635 .4279 6314 2. 3369 3686 50
20 .3981 5978 .9182 9629 .4314 6348 2.3183 3652 40
30 .3987 6007 .9171 9624 .4348 6383 2. 2998 3817 30
40 .4014 6036 .9159 9818 .4383 6417 2.2817 3583 20
50 .4041 6065 .9147 9613 .4417 6452 2.2637 3548 10

24* 00' .4067 9.6093 .9133 9.9607 .4452 9.6486 2. 2480 0.3314 66° 00'
10 .4094 6121 .9124 9602 .4487 6520 2. 2286 3480 50
20 .4120 6149 .9112 9596 .4522 6533 2. 2113 3447 40
30 .4147 6177 .9100 - 9590 .4557 6387 2. 1943 3413 30
40 .4173 6205 .9088 9584 .4592 6620 2. 1775 3380 20
50 .4200 6232 .9075 9579 .4628 6654 2. 1609 3346 ' 10

26° 00' .4226 9.6259 .9063 9.9573 .4663 9.6687 2. 1443 0.3313 00'
10 .4253 6288 .9051 9567 .4699 6720 2. 1283 340 50
20 .4279 - 6313 .9038 9561 .4734 6752 2. 1123 3248 40
30 .4305 6340 .9026 9555 .4770 6785 2.0965 3215 30
40 .4331 6366 .9013 9549 .4306 6817 2.0809 3183 20
50 .4358 6392 .9001 9543 '.4841 , 6850 2.0655 3150 10

2e 00' .4384 9.6418 .8988 9.9537 .4877 9.6882 2.0503 0.3118 64* 00'
10 .4410 6444 .8975 9530 .4913 6914 2. 0353 3086 50
20 .4438 6470 .8962 9524 .4950 6946 2. 0204 3054 40
30 .4462 6495 . 8049 . 9518 . 4986 6977 2. 0057 £023 30'
40 :4488 6521 .8938 9512 .5022 7009 1. 9912 2991 20
504 .4514 6546 .8923 9505 .`. 5059 7040 1. 9768 2960 10

27* 00' .4540 9.6570 .8910 9.9499 .5095 9.7072 1. 9626 0.2928 63'00'
_Nat. Log. Nat. Log. Nat. Log. Nat. Log.

%Angles Cosine; Sines Cotangents Tangent's Angler
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APPENDN B (Cont'd)

Awake 81gtot Cosines Tangents Cotangents Angles

27° 00'
10
20
ao
40
60

Nat. Log.
.4540 9.6370
.4566 6395
.4592 6620
.4617 6644
.4643 6668
.4669 6692

Nat. Log.
.8910 9.9499
.889Z 9492
.8884 9486
88711 9479
.8857 9473
.8843 9466

Nat. Log.
0095 9.7022
.5132 71
.5169 71
.5206 716
.5243 . 719
.5220 72

Nat. Log.
1.96260.292863°001
1.9486 2897
1.9347 2866
1.9210 2$35
1.9074 2804
.8940 2774

50
40
30
20
10

28* NY
10
20
30
40
50

.4695 9.6716

.4720 6740

.4746 6763

.4772 6787

.4797 6810

.4823 6833

.8829 9:9459

.8816 9453

.8802 .9446

.8788 9439

.8774 9432

.8760 9425

.5317 9.72

.5354 7287

.5392 7317

.5430 7348

.5467 7378

.5505 7408

.88070.274362°00'
1.8676 01713
1.8546 2683
A.8418 2652
1.8201 2622
1.8165 2592

50
40
30
20
10

?VOW .4848 9.6856 .8746 9.9418 .5543 9.743. 1.80400.256261°00'
10 .4874 6878 .8732 9411 .5581 7467 4.7917 2533 51)

20 .4899 6901 .8718 '9404 .5619 7497 1.7796 2503 40

30 .4924 6923 .8704 9397 .5658 7526 1.7675 2474 30

40 .4950 6946 .8689 9390 .5696 7556 1.7538 2444 20'

60 .4975 6968 .8675 9383 .5735 75 1.7437 2115 10

31fr 00' %5000 9.6990 .8660 9.9375 .5774 9.7614 1.73210.238660°00'
.10 .5025 7012 ,8646 9368 .5812 754 1.7205 2358 50

20 .5050 7033 .8631 9361 .5851 7673 1.7090 2327 40
30 .5075 7055 .8616 9353 .5890 770/ 1.8977 2299 30

40 .5100 7076 .8601 9346 .5930 7730 1.6864 2270 20

50 .5125 7097 .8587 9338 .5969 7759 1.6753 2241 10

:n 00' .5150 9.7118 .8572 9.9331 .6009 9.7788 1.66430.221259°00'
10 .5175 7139 .8557 9323 .6048 7816 1.6534 2184 50
20 .5200 7160 .8542 9315 .6088. 7845 1.6426 2155 40
30 .5225 7181 .8526 9308 .6128 7873 1.6319 2127 30
40 .5250 7201 .8511 9300 .6168 7902 1.6212 2098 20

50 .5275 7222 .8496 9292 .6208 7930 1.6107 2070 10

3?°00' .5299 9.7242 .8480 9.9284 .6249 9.7958 1.60030.204258°00'
10 .5324 7262 .8465 9276 .6289 7988 1.5900 2014 50

20 .5348 7282 .8450 9268 .6330 8014 1.5798 1986 40

30 .5373 7302 .8434 9260 .6371 8042 1.5697 1958 30

10 .5398 7322 .8418 9252 .6412 8070 1.5597 1930 20

50 .5422 7342 .8403 9244 .6453 8097 1.5497 1003 10

3:s° 091 .5446 9.7361 .8387 9.9236 .6494 9.8125 1.53990.187357'00'
10 .5471 7380

.5495 7400
.8371 9.28
.8355 9219

.6536 8La3
..6577 8180

1.5301 1847
1.5204 1820

50
40

.5519 7419 .8339 9211 .6619 8208 1.5108 1792 30

10 .5544 7438 .8323 9203 .6661 8235 1.5013 1765 20 ,

10 .5568 7457 .8307 9194 :6703 8263 1.4919 1737 10'

34* 00' .5592 9.7476 .8290 9.9186 .6745 9.8290 1.48260.171056°00'
. 10 .5616 7494 .8274 9177 .16787 8317 1.4733 1683 50.
20 .5640 7513 .8258 9169 .6830 8344 1.4641 1656 40

5664 7531 .8241 9160 .6873 8371 1.4550 1829 430

40 .5688 7550 .8225 9151 .6916 8398 1.4460 1602 20

50 .5712 7568 .8208 9142 .6959 8425 1.4370 1575 10

35° 001, .5736 9.7584 .8192 9.9134 .7002 9.8452 1.4281 0.154855°001

210

.5760 7604

..5783 7622
.8175 9125
.8158 9116

.7046, 8479

.7089 8506
1.4193 1521
1.4106 1491

30
40

to
.5807 7640
.5831 7657

.8141 9107

.8124 9098
.7133 8533
.7177 8559

1.4019 1467
1.3934 1441

' 30
10

50 .5854 7675 .8107 9089 .7221 8586 1.3848 1411 10

.5878 9.7692 .8090 9.9080 .7265 9.8613 1.3764 0.13873-1°00'

Nat. Log. Nat Log. NIA. Log. Nat. Log.

Anglem Cosines :Tines Cotangents Thogonty kagIpm
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APPENDIX B (Corked)

Aft*. ; Bina
Nat. Log.

,

Cosines
Nat. -

Tangents
Nat. Log.

Cotangents
Nat. Log.

Angles

26' 00' .5878 9.7692 .8090 9. 1: 1 .7265 9.8813 1 .3764 0.1387 54* 00'
10 .5901 7710 .8073 . 1 0 .7310 86391.3680 1361 50
20' , .5925 7727 .8056 1.1 7355 1.3597 1334 40

. 30
40_

.5948'

.6972 1

.8039 9052
8021 9042

.7400 8692

.7443 8718
1 .3514 1308
1 .3432 1282

30
20

50 .5996 : : 1 9033 .7490 8745 1,3351 1255 10

3r 00' .6618 9.7794 . 9.9023 .7536 9.8771. 1 3270 0.1229 W 00'
10 .6041 7311 .7969 9014 .7581 8797 1.3190 1203 50
20 .6065 7828 .7951 9004 .7627 .8824 1.3111 1176 40
30 .6088 7844 7934, 8995 :7673 8850 1.3032 1150 30
40 .6111 ,7861 .7916 -8985 .7720 . 8876 1.2954, 1124 20
150 .6134 7877 .7898 8975 .7766 890.2 1.2876 1098 10

1116 00' ,

10
.6157 9.7893
.6180 7910

..7880 9.8965
'.7802 8935

.7813 9.8928

.7860 8954
1.2799 0.10725r
1.2723 1046

ow
50

20 .6202 7920 .7844 8945 .7107 8980 1 .2647 1020 40
30 .6223 7941 .7826 8935 .7954 . .9306 1142572 . 0994 30
40 .6248 7957 .7808 ., 8925 48002 9032 1 .2497 0968 20
50 . .6271 7973 .7790 8915 .8050 ' 9038 1.2423 0942 It)

W 00' .6293 9.74989 .7771 9.8905 .8098 9.9084 1.2349 0.0916 51 00'
10 46316 8004 .7753 8895 .8146 9110 1.2276 0890 50'
20 .1338 8020 .7735 8884 .8195a 9135 1.2203 0865 40
30 ..6311 8035 .7716 8874 . 8243 9161 1 . 2131 0839 30
40 8050 .7698 8864 .8292 9187 1 .2059 0813 20
so 8066 .7679 8853 .8342 9212 1.198i 0788 10

40.!00'" .6428 9.8081 .7660 9.8843 .839,1 9.9238 1.1918 41.0762 501' 00'
10 .6450 8096 .7642 8832 .8441 9264 1.1847 0736 50
20 .6472 8111 .7623 8821 .8491 9289 1.1778 0711 40
30 .6494 8125 .7604 8810 .8541 9315 1.1708, 0685 30
40 .6517 8140 .7585 14 8800 .8591 9341 1.1640 0650 20
50 .6539 8155 .7566 \8789 .8642 9366 1.1571 0634 10

41°00' .6561 9.8169 .7547 9.8 A693 9.9392 1.1504 0.0608 4 00'
10 .6583 8184 .7528 8767 .8744 9417 1.1436 0583 50
20 .6604 8198 .7509 8756 .8796 9443 1.1369 0577 40
80 .6626 8213 .7490 8745 .8847 946&L1303 0532 . 30
40 .6648 8227 .7470 8733 .8899 9494 t1237 _ 0506 20
50 .6670 8241 .7451 8722 .8952 9519 1.1171 0481 10

-W 90° .6691 9.8255 .7431 9,8711 .9004 9.9544 1.1106 0.0456 48° 00'
10 .6713 8269 .7412 8699 .9057 9570 1.1041 6430 50
20. .6734 8283 .7392 8688 .9110 9595 1.0977 0405 40

. 30 .6756 8297 .7373 8676 .9163 9621 1.0913 0379 30
40 .6777 8311 .7353 8665 .9217 9646 1:0850 0354 20
SO .6799 , 824 .7333 8653 .9271 9671 1.0786 0329 10

W 00'
10

.6820 9.8338

.6841 8351
*.7314 9.8641
.7294 8629

.9325 9.9697

.9380 9722
1.0724 0.0303
1 .0661 0278

4r ay
50

30 .6862 8365 .7274 8618 .9435 9747 1.0599 0253 40

30 8378 .7254 8606 .9490 9772 1.0538 0228 30
40 . 8391 _7234 8594 .9545 9798 1.0477 0202 20
80 . 8405 .7214 8582 .9601 9823 1.0416 0177 10

441' Od .647 9.8418 .7193 9.8569 .9657 9.9848 1.0355 0.0152 4,6* 00'
10 .067 , 8431 .7173 8557 .9713 9874 1.0295 0126 50
20 .611611 8444 7153 8545 .9770 9899 1.0235 0101 40
10 .7009 8457 .71.33 8532 .9827 9924 1.0176 0076 30
40 .70110 8449 .7112 8520 .9884 9949 1.0117 0051 20
SO .7050 8482 .7092 8507 .9942 9975-1.0058 0025 10

WOO' *;_7071 9.8495 .7071 9.8495 1.0000 0.0000 1.0000 0.0000 45! 00'
lolat. Log. Nat. Log. Nat. Log. . Nat. Log.

Aegis., Ceases Sines Cotangent* Tangents Angler
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Figur 44, Th screw is a, variation of on
inclinei plan.
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WORliBOOK
Aircraft Electrical Systems and Circuu Operation

This workbook 'places the materials you need where you need them while you
are studying In it. you will find the study Reference Guide, the Chapter Reiew
Exercises and their answers, and the Volume Review Exercise. You can easily
compare te\ tual references with chapter exercise items without flipetrig pages
back and forth in your text. You will not misplace Any one of ttiese essential
study materials You will. have a 'sin* reference pamphlet, in the proper sequence
for learning.

These devices in your workbook are autoinstructional aids. They take the
place of the teacher who would be directing your progress if you were in a.
clawoom. The workbook puts these self-teachers into one booklet. If you will
follow the study plan gi en in "Your Key to iCareer Deelopment. which is
in your course packet, you will be leading yourself by easily, learned steps to
mastery of your text.

or. If ou ha% e any questions which you cannot answer by referring to "Your
K:! tO Career Deelopment" or yOur, cOurse material, use ECI Form 17, "Student
Request for Assistance," identify yourself and your inquiry fully and se.nd it to
ECI.

Keep the rest of this workbook in your files. Do) not return any other part
of it to ECI.

EXTENSION COURSE INSTITUTE

Air University
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t
, STUDY REFERENCE GUIDE 1 7 AF(

1. Use this Guide as a'Study Aid. It emphasizes all important study areas of this "volume.

2. Use the Guide as you complete the Volume Review Exercise and for Review afte? Feedback
on the Results. After each item number on your VRE is a three digit number in parenthesis.
That number corresponds to the Guide Number in this Study Reference Guide which shows you
w here the answer to that VRE item can be found in the text. When answering the items in your
VRE, refer to the areas in the text indicated by these Guide Numbers. The VRE results will be
sent to you on a postcard which will list the actual VRE items you missed. Go to your VRE
booklet and locate the Guide Number for each item missed. List these Guide Numbers. Then go
back to your textbook and carefully review the areas covered by these Guide Numbers. Review
the entire VRE again before you take the closed-book Course Examination.

3. Use the Guide for Follow-up after you complete the Course Examination. The CE results will
bp sent to you on a postcard, which will indicate "Satisfactory" or "Unsatisfactory" completion.
The card will list Guide. Numbers relating to the questions missed. Locate thcsc numbcrs in the
Guide and draw a line under the Guide Number, topic, and reference. Review these areas to
insure your mastery of the course.

Guide
Number Guide Numbers 100 Through 141

100 Introduction to a Maintenance Organiza-
tion; Field Maintenance Squadron, pages
1-5

101 Security: Supervision, and Training Re-
, sponsibirities: Communications Security,

pages 5-7

102 Security, Supervision, and Training Re-
monsibdities: Airman Performance Re-
ports, pages 7-9

103' - Security, Supervision, and Training Re-

sponsibilities: Training, pages 9-13

104 Introduction to. Flight Line Safety for the
Electrician; Flight Line Safety, pages 14-18

105 Good Housekeeping and Fire Prevention,
pages 18-20

106 Introduction to Major Aircraft Systems
and Electrical Maintenance and Inspection;
Aircraft Familiarization, pages 21-23

107 Aerodynamics and Flight Control, pages
23-28

108
-,

Major Aircraft Systems, pages 28-33

109 Servicing Materials for Aircraft Systems,
pages 33-35

Guide
Number

110 Electrical- Hardware and Handtools: Elec-
trical HardwareSafety Devices; Circuit-
Controlling Devices; Circuit-Protection De-
vices, pages 35-39

111 Electrical Hardware and Handtools: Elec-
trical HardwareTerminals and Splices;
Electrical Connections, pages 39-42

112 Electrical Hardware and Handtools: Elec.
, trical HardwareElectrical Wires; Compact

Wirt Bundles; Terminal Blocks; Bonding
and Grounding, pages 42-48

- 113 Electrical Hardware and Handtools: Elec-
trical Handtools, pages 48-50

114 Aircraft Electrical System Inspeciions,
pages 50-53

115 Introduction to Portable Test Equipment
for the Electrician; Meters: D'Arsonval
Meter Movement; Sensitivity; Ammeter;
Voltmeter; Electrodynarnometer Applica-
tions, pages 54-56

116 Meters: Measuring Resistance, pages 56-59

117 Meters: Multimeters, Vacuum-Tube Volt-
meters; Basic VTVM: Watt-Meter, Watt-
Varmeter; Power-Factor Meter, Frequency
Meters, pages 59-62

-0
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Guitx
Number

Special Purpose Measuring Devices: Use of
the Oscilloscope, pages 6 2-65

Special Pui pose Measuring Devices Tube
Testing; Wheatstone Bridges, pages 65-68

Introduction to Advanced Physics for the
Elect r !clan. Applied Physics. Simple

Machines. Eltect: of Pressure and Tempera-
ture. Llect on Physics. pages 69-73 s

121 Applied( Physics Elec't rustat Eke tio-
dvnaniics. pago 73-75

Magnetism and Generation, pages 76-80

Fundamenials of Mathematics. pages 80-84

122

123

.124 lntroductioii to Electrical Circuit
Functions, Circuit Operation. k- Genral.
Ohm's Lav Kirchhoff's Law. pages 85-88

125 Circuit Operation. Series Circuits. Parallel
Circuits. pages 88-93

126 Reac t an c e . Ca pacit ;ince, Capacit dike

Values. Series Capacitors: Parallel Capaci-
tors: Capacitive CirculDirect Current:
Capactive CircuitsAlternating Current,

-pages 93-97

127 Reactance Parallel RC Circuits: Power in
Reactive Circuits. pages 97-99

/79
Guide
\umber

130 I nti oducuon to Solid State Comiol Cir-
cuits: Magnetic Devices General. Nlagnetic
Circuits. pages 107-110

131 Magnetic Devices. Magentic Amplifier
Voltage Regulator. Transformers. Oper-
ation: TransfAner Construction. Power
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CHAPTER 2

Ohicctive To demonstrate J genet al knowledge of the safetN measures requited while performing his dailr woik

Dest.rihe people who are referred to as "accident prone" and "safety conscious (lntro..2. 3)

2 W hai area should he avoided when working around a reciprocating engine? (3-4)

3 \ ame the danger areas around a jet engine. (3-5. 6)

4 What protective equipment should be worn around a jet engine? (3-7)

7'
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*

t

.

5. Where can you find the safe way of approaching a hellcopter? (3.10)

k
.16

4,

6. What attitude should,one have wiien.entering a cockpit? (3-13). ,

f

7 Why do pneudraulically operated systems present such hazards to safety? (3-16)

.

a

8. An aircraft.on jacks presents may potential hazards. There should be an observer for this operation Where

is the.bes1 position for this man? (3.18)

- 5
,

,

9. What part of the body it most susceptible to radar beams? (3,19)
. ..,

..

t
' ..

10 Who is responsible for your knowledge con'cerning'radioactive material? (3.21)

11 What is good housekeeping? (4-1)

-)

,

A,

191

,

a
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12 What two things cause many tires? (419)

13 Satety js whose responsibilit%? (442)

CHAP:TER 3

4:

Objet inc. To, acquire a. job knowledge of aerodynaMic principles, major aircraft control systems, and the
Installation, repair, ahd inspection of aircraft electrical wiring and related hardware.

1. What type aircraft is used to engage the enemy on the giound and in the air? (5-4)

2 %\ hat is one of the most proinkient distinguishing features of an-aircraft? (5.8)

3 %%hat are the three wing.designs mentioned in this text? (5-9.11)

4 What is the purpose of atrcriat designation? (5.13)

What is the reference line often used in discussing an airfoil? (6-3)



6. What are ihe four .1crodynamic forces that act upon un to-4)

7. What is meant 1::0 the term *relative wind when discthsing principles ot t1iht (68)

8. What is the angleof attack? (6-9)

9 What is a flight axis9 (6-11),

10 Name the flight axes of an aircraft. (6-12)

11 ,Name the movement around each flight axis."(6.13)

12. What causes the aircraft to move around its flight axis.' (6-16)

13. What is the purpose of'the secondary flight control surfaces"' (6-21)

6

.1
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. 14. When the turbine-dnven hydraulic pump fails, what type uf power is used for the alternate source' (7-2)

15. What controls the landing gears and how are they actuated? (7-6)

16 .What system prevents the wheels from locking during landing? (7.7)

By what means are electrical requirements met op an aircraft? (7-8)

' 18. What is the function of the CSD? (7-9)

19. Name four functions that an AC voltage regulator may perform. (7.10)

p.

20. What is the function of the AC generator control panel? (7.11).

194
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21. If a section of aircraft tubing is color coded with red marking tape can you connect electrical wiring to

the tubing? Why? (84)

22. +low are hydratilic fluids generally classified? (8-5)

23. Why is it necessary to pay particular attention to lubricating instructions? (8-14)

24. What are the most com:only used safety devices? (9:3)

25. What is the common designation of an electrical switch? (9-8-).

a

26. What type of switch can be used to perform the function of a number ot switches? (9-11)

27. What are mechanically operated switches used for? (9-12)

28. What type switch is used in fife-warning circuits? (9-14)'

195
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29. What are electrically operated swktches called? (9-18)

30. What two devices are used to control the intensity of lights? (9:22)

z

31. What is the simplest overcurrent protection device? (9.27)

32. How may one know that the bakelite fuse is gOod or bad? (9-31)

. 33. Wheretre current limiters generally placed in a parallel bus fevier sAcem`' (9-33)

34 What advantage does the circuit breaker have over thefuse and current limiters? (9-35)

35 What type of breaker is used in circuits which would 'Constitute an in-flight emergency if they were not
energized9 (9-40)

13

/77



3b. What special case authorizes a soldered termtnal or splicp,? (9-42)
r ,

,

, 37.

IL

.

38.

39.

A

..

40.

41.

l'

.
i )

l

42.

43.
1

\

t 0
...

fi

What advantage do crimp-on terminals and splices have on soldered connections? (9-44)

I

.

What two assemblies make up an electrical connectoA (9-50)

. r

I

What is the purpose of installing a short length of wire in all unused pins of an electrical connector? (9-54)

Whit physical-characteristics ci copper wire account for its wide usage? (9-55)

Where is aluminum wire generally used? (9-56)

)
- - , ,

How is wire size designated? (9-59)

a.

4 .

What is the proper distances when marking wire? (9-64). ,,

1 9 >
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t

,

, 44. What precaution is taken when routing wires through ho,t areisT(9-70)

45 How should wire bundles be installed across hinges? (9-74)

r

46. Where is wire lacing authorized? (9-78)

..
47 What advantage do compact wire bundles have over conventional wire bundles? (9.79)

V

48. What is the purpose of terminal block? (9-84)

49.

0

6

What is meant by bonding? (9-89)
t

lik

a

50. How are the letter number combinations processed into the instalation of the wires? (9-93)

# 51. What is one secret ,te good soldering cording to the text? (9-94)

,,

15
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52.. How are good soldering techniques developed? (9 7

a.

53. V/hat tool has taken the place of the soldering iron in many cases? (9-98)

5 . What twti tools am comMonly used to remove insulation from pires? (9-102)ar
4

55. What is the purpose of inspecting the electrical system? (10-2)

56. What technical order covers electrical system inspection procedures? (10-4)

Si. How should wiring be routed in regard to combustible or oxygen lines? (10-11)

58. What is the maximum interval for support cfamps when installing wire bundles? (10-13)

16
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CI-IM'TER 4

Ohicciive To J quirt: a working knowledge of the operating principles and-application of measuring devices
leouned to performance test aircraft electrical systems and components.

After each electrical quantity shown below, indicate what instrument is used to measure its effect.

a. ElectiOn movement.
b Difference in potential.
c. Opposition to current flow in a DC circutt
(Intro -2)

04

..

..
2 A th'orough understanding of the operation and limitations of measuring devices is essential to what three

phases of your job as an electrician? (Intro.-5) r
,

3 What type uf meter movement is found in most electrical test instruments you will use on the job? (I 1-2)
. .

4,
%

4. What provides the turning force of a moving-coil meter movement? (I 1-3)

c

5 To prkluce a usetul.interaction in a D'Arsonval meter movement, what condition must exist? (11-3)

i

.../

e
6 Why is the D'Arsonval meter movement used in a n3ultimeter? (11-4) t

11.

+

/

, 4 17 1
.c.'
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7. What determines the sensitivity of a meter? (11-5)

,

8. What process is used to overcome overshooting and oscillation of the meter pointer? (11-6)

s 9. Why muse the total resistance of an ammeter be kept low? (11-7)
)

,

/

..

...--...."'
&

10. How are ammeters connected in a circuit? (11-9)

11 , What is the correct procedure fur checking an unknown cuirent with a multirange ammeter (11-10)

,

12. How are voltmeters connected in a circuit? (11-12, 18)
-

..,

,i-

13. What is the effect of using a low-resistance ktmeter across a high-resistance circuit? (11-21)



14. How does the electrodynamometer ty.pe meter differ from the D'Arsonval meter? (11-22)

40-

41.

15. What controls overshooting and pointer oscillation in the electrodynamometer ty pe meter movement'
(11-25)

16. What controls the ohmeter pointer deflection? (I 1-29)

9

17. Why must each ohmeter range (R X 1, R X 10'cetc.) be zero-adjusted? (11-32)

18 When resistance measurements are made in electrical circuits, what is the primary precaution tu be
observed? (11-35)

19. In checking electroly4 capacitors with the ohmmeter, why must polarity be observed? (11-41)

20 What is the primary function ra megger? (11-43)

19
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21. What megger voltage is used in one military application?,(11.44)

4-

22. What does a typical multimetCr contain? (11-51)

23. When measuring an AC voltage with a DC moving-coil meter, what must be in the fne ter circuit') (11.54)

*

24. How is meter sensi.twity affected when a h -wave meter circuit is replaced with a full-wave cucuit' (11-55)

25. What value of the sine wave of voltage or current are AC meters calibrated to read') (11-56)

4.)

26. What is used to increase the input resistance of a basic VTVM? (11-62)

27. What measuring device was designed to measure peak-to-peak values? ( 11-66)

28. What meter measures electrical power in the aircraft? (11.69)
,

d gt

a
20
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29. What type reading will be obtained from a circuit with a low-power factor? (11-71)

s..

30. What type meter movement is used in the watt-virmeter? (11-73)

I

31, How can the pbwer factor of a circuit be determined? (11-75)

32. What are theigree.types of frequency meters mentioned in the text? (11-79-81)

33 Why must the intensity control be turned down on the oscilloscope after it has been turned on? (12-3)

34 What .devices are used to adjust the electron beam vertically and horizontally on the oicilloscope? (124)

35. How is the length of the sweep changed? (12-7)

-
36 What must be known befbre using the oscilloscope to determine an unknown AC frequency? (12-11)

21
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'

a.

37. What are you looking for, in general, when examining a waveform in a cla A amplifier circuit' (12-17)

a

1

38. What are the two general classifications of tube testers? (12-19)

39. Which type tube tester provides the most accurate means of testing? Why? (1249)

)

,

i
<

M`6.

40. What is used to compensate for differ ces in the line voltage on the transconductance tube tester covered

in this teXt? (12-21)

s

41. What is connected in series with the primary transformer to Orevent equipment damage9(12-24)

.., .
.,

0

42. When a tube i s under test, what indication reveals a shorted element'? (12-25)

43. What is the purpose of tapping a tube during a noise test? (12-26)

...

/

,
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44. Mtn a tube is subjected ;o a gas test, what is an indication of excessive amount of gas in the tube? (12-27)

\ ,

45. For what is the Wheatstke bridge generally used? (12-30)

\

CHAPTER 5

Objectives: To be 'able to relate the principles of simple machines, effects ofpressure and temperature, and
electron physics; and to state the general facts of the properties of metals and atomic structure of matter.

I
1. What is a machine? (13-2)

t
2. What does mechanical advantage of a machine measure? (13-4)

*

3. Name three examples of simple machines. (13-17)

)
4. How is pressure defined? (13-21) $

4.,

t,

i

,'
..r.

S. How does a rise in temperature affect the resistance of the sensing element in a continuous cable fire.
warning system? (13-30)

\
23 i
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6. List three major particles in an dom. (13-35)

7. What would be the best description of a.positive ion? (13-42)

8. What are the major electrical categories of materials in relationship to their ability to allow electric current
to flow? (13-48)

9. Define a good electrical conductor. (13-49)

10. When is a material considered an insulator? (13.54)

11. How does an increase in temperature affect the resistance of semiconductor material? (13-58)

12. Name the three types of electrical charges. (13-61)

,2()
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1 . What.eftect will like electrical charges have on each other? (13.62)

14. What are three methods of producing a static elect rical.charge? (13-67-69)

15. Define current flow. (13-73)

4

16. What is voltage? (13-78)

17. What are the ends of a pirmanenTrnagnet called? (14-2, 3)

-r

18. How can the.strength of the magnetic field around a conductor 'carrying a constant amount of current be
increased? (14-13)

r

19. What is induction? (14-16)

25
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20. In what direction would a current-cafiyiniconduction move in a uniform magnetic field9 (1417)
a

)

1

.

0106

iv

21. How is the resultant magnetic field around two conductors affected when current in the conductors is in

opposite directions. (14-20)

22. Name the factors that affect the magnitude of an EMF produced in a generator. (14-24)

a,

23. What is a cycle of AC? (14-36, 37)

24.

25.

Define frequency in terms of cycles. (14-38)

What determines the frequency of an alternator? (14-40)

..

t

-

26.

,

What is rms? (14-4448)

26
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27. What equation is used to find the hypotenuse of a right trianile? (15-8)

28. When plotting a sine wave curve, the maximum value or values attained is at what angle ur angles? (15-19)

29. What is the angle whose cosine is .9397? (15-27)

a

CHAPTER 6

Objectives. To be able to use Ohm's law and Kirchhoff's laws to state the mathematical relationships uf voltage,
current, and resistance in series, parallel, and compound DC cucuits, and to be able to state the basic properties
of inductors and capacitors and analyze RC, RL, and RCC series and parallel circuits. Also, to be able to compute
inductive and capacitance reactance, impedance, voltage, current, and power.

I. Define Ohm's law. (16-5)

2. What is the mathematical relationship between voltage, current, and resistance as stated by Ohm's law'
(16-5)

3. How will an increase in circuit resistance affect circuit current? (16-10)

Define Kirchhoff's current law. (J 6-15, 16)

May

2,7

2itj

ome



5. Define Kirchhoff's voltage law. (16-15, 17) 4

6. What is a series circuit? (16-21)

7. ' How is the total resistance in a series curcuit computed? (16-23)

*

v.

8. What is the initial requirement before a voltage can be measured in a circuit? (16-26, 27)

9. How is the total battery voltage expended in a series circuit? (16-29)
-

/
..4

10. Define power in a series resistive circuit. (16-30)
-

4

,

11. How is the voltage applied to each path in a parallel circuit related? (16-32)

4 .

-
,

12. How is total current computed in a paraliel circuit? (16-38)

.
28,
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.,2e313. What is the relationship between the total resistance and the resistance in each part of a parallel circuit?
T

(16-39)

14. What is the formula for computing total resistance in a parallel circuit? (16-43, 44)

15. How are series-parallel circuits analyzed? (16-51) ""

Ia Define a capacitor. (17-2)

17. What is the unit of capacitance? (17-4)

p.

18. How does the distance between the plates of a capacitor affect its capacitance? (17-6)

19. How can you compute total capacitance in a series capacitance circuit? (17-6)

29



20. What limits the charging current at the instant a voltage is applied to a capacitor in an RC circuit (17-14)
,

,
21. Define RC time constant. (17-17)

i

Ow

22. What is the phase relationship between capacitor vol,tage and capacitor current in a series RC circuit?
(17-20)

rei
4 et

23. What is the reference point for calculation of circuit constants in q series RC circuit? (17-21)

24. How can the relationship between applied voltage, voltage drops, and phase angle be determined in aii
series RC circuit? (17-22)

y

250 How can the phase angle be computed in a series RC ciecuit? (17-25)

26. What is the equation for capacitive reactande? (17-27)

21 3
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27. How is impedance computed in a series RC.circuit? (17-28, 29)
f\

)-
28. How is total current computed in a parallel RC circuit? (17-33)

29. What is the best method of computing total-impedance in a parallel RC circuit? (17-33)

30. What is reactive power? (17-38)

31. What is true power? (17-39) .

,

32. Define power factor. (17-40)

33. Define inductance. (17-45)

-
e:Vu3

,

/

34. What is the unit of measurement of inductance? (17-46) ..../

_

r

-31

214 -c-

,



35. How ?a.; total inductance in a' parallel circuit be computed? (17-49)

_2(

36. What is the expression for LR time onstant? (17-56) e

. What is the 1 e of reference for both inductance and resistance in a series LR circuit?, (17-61) °

38. What method can be tised to compute total voltage in a series LR circuit? (17-62)

39. Wpat is the inductive reactance equation? (176)

40. How can you compute impedance in a series LR circuit? (17-67)

41. What is normally the reference vector$in parallel LR circuits? (17-72)

42. How &e reactances treated in LCR circuits? (17:79)

215
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. 43. How is impedance found in LCR circuits? (17-79)

l

3

*

44. What is the condition for resonarice? (17-81)

,

CHAPTER 7N

02° 7

Objectices To be able to relate general o erating principles,of magnetic devices and their application to trans-
formers and magnetic amplifier voltage regulators. Also, to be able to state the basic operation and applii.ation
of semic4ductor devices. .

I. Explain hysteresis. (18-11) ,

2. Define saturation. (18-16)

106

s

1

,
3. What happens to the output of a magnetic amplifier when the cure becomes completely saturated? (18-21.

Part A, Fig. 54)

4. What determines the relationship between the input and output coils in a single magnetic amplifier? (8-24)

5. Why is a voltage reference necessary in a complete magnetic amplifier circuit? (18-27)

33
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6. What is the purpose of a feedback circuit? (18-30)
..

%.

7.:What is 1 transformer? (18-34)

. aol

i z

,

, 8. Explain how energy is coupled from a primary to a secondary circuit of a transformer? (18-40)

%

9. How are transformers constructed to reduce losses? (184749)

7
10. How many windings are there in an autotransformer? (18-52)

11. What is meant-by the term "acceptor impurities"? (19.4)

-

12. What is meant by t e term "donor impurities"? (19-5)

13. What happens when reverse bias is applied to a PN junction? (19-7)

, ,

34
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14. Why is it important that bias voltage not be allowed to become excessive? (19-7)

Whatis "transistor action"? (19-18)

16. What does the arrow on the emitter in a transistor symbol indicate? (19-21)

17. In what part of a transistor does the main current flow? (19-21)

18. In,figure 1 14, what circuit element is common to the basic amplifier configuration? (19-25, Fig. 114)

19. What is the letter symbol for emitter cuhent, collector current, and base curreht-M a CB amplifier?
(19-27, Fig. 11 6)

20. What is triggered circuit? (19-29)

35
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21. What is the difference, between monostable operation and bistable operation in triggered circuits?

(19-35, 40)

22. In reference to figure 118, what two components determine the duration of the triggered pulse?

(19-39, Fig. 118)

si

23. A NOTAND gating circuit leiexample of what basic transistor circuit configuration? (19-56)

_

CHAPTER 8

Objective: To be able to relate principles of operation and application of electron tubes used in amplifier and

electronic power supplies.

1. Name the types of emission and an example of the use of each. (20-11-14)

2. Using figure 123, determine the plate current when the voltage is 20 volts. (20-22; Fig. 123)

,

3. What is a two-element tube called? A three-element? A four-element? (20-23)

x

l

4. What is the advantage of a dual diode over a diode? (20-28)

AP
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5. What is the purpose of the control grid in an electron tube? (20-30)

6. Which tube has a screen gridthe tricode or the tetrode? (20-36)

,r
,

7. What electrode in an electron tube eliminates the effects of secondary emissIon? (20-38)

8. In a gas-filled tube, how is the breakdown voltage determined? (20-42)

9. What is the advantage of a gas diode over a Conventional diode? (20-46)

'
10. What limits the use of a gas-filled VR tube? (20-50)

)

11. What,is the furiction of the anodes of a CRT? (20-63)

t.

12. Which oscillOcope control has the most effect on the size of the dot on the screen? (20-69)
4

,

't
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13. What is the advantage of using the oscilloscope as a voltmeter instead of using the ordinary AC
voltmeter? (20-81)

14. Which axis on the scope is used to represent time? (20-84)

*

15. What,type,of rectifier (full-wave or half-wave) is used when high voltage and low current are required?
(21-9)

16. Differentiate between a half-wave and a full-wave rectifier, and explain the advantage of one over the
% other. (21-14)

17. What is the purpose of a powerrdter circuit? (21-15)

18. An LC filter circuit with the capacitor connected directly acrdss the rectifier output is called a
(21-24) ,

63,

19. What is the purpose of the bleeder resistor used in a power supply? (21-26)

38

N



20. Why are choke-input filters used in electronic circuits that require considerable power? (21-27)

,

21. Why is an electronic voltage regulator used in the power supply of figure 151? (21-38)
y

22. What is meant by the term "cutoff" as applied to vacuum tube plate current? (22-9)

_

I

23. Why is it necessary to prevent a .triode'from operating along the curved part of its characteristic curve?
(22-9)

24. What are the two types of amplifier coupling most commonly used? (22-17)

25. What is meant by the term "regenration"? (22-23)

26. Can feedback be used to increase the gain of an amplifier? (22-27)

39
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CHAPTER 2

i

1 "Accident prone"Pedple who generally take a negative approach to safety programs.
"Safety consctous--People who have taken positive action toward safety. (1ntro.-2. 3)

2. The propeller is a danger area. (3-4)

3. The intake and exhaust are danger areas in reference to a jet engine. (3-5, 6)

4. Ear plugs should be worn while working around operating jet engines. (3-7)

5. The maintenance Instructions (TO) for that helicopter contain the safe.approaches. (3-10)

6. One should always be cautious and careful while in the cockpit. (3-13)
.

7. These hazards come because of the pressure and speed that the system works under. (3-16)

8. In a position to see all around the aircraft. (3-18)

9. Radar beams are extremely hazardous to the eyes. (3-19)
,

10. You are responsible to yourself and the Air Force concerning knowledge about radioactive materials. (3-21)

1 1. Good housekeeping is that neatness and cleanliness that is necessary for the sucLessful perfurmance uf a job.
(4-1)

12. Many fires are started because of carelessness and poor hgusekeeping. (4-9)

13. Safety is everyone's responsibdity. (4-12) ...

CHAPTER :3

I. The fighter is the aircraft that engages the enemy on the grouneind in the air. (5-4)

2. The wing design is one of the most prominent distinguishing features of an aircraft.(5-8)

3. The three wing designs are-the conventional, swept, and delta. (5-9-11)
,

4. The purpose of aircraft designation is to identify 6ch aircraft and its mission. (5-13)

41
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5. The chord line is often referred to when discussing an airfoil. (6-3)

6. The four aerodynamic forces are lift, gravity, thrust, ahd..drag. (6-4)

7. Relative wind is the direction of airflow with respect to the airfoil. (6-8)

8. The angle of attack is the angle between the relative wind and the chord line of an airfoil. (6-9)

9. An imaginary line passing through the aircraft's center of gravity that is used as a reference for movement.
(6-1 1)

10. The flight axes of an aircraft are longitudinal, lateral, and vertical. (6-12)

11 An aircraft rolls around the longitudinal axis, pitches around the lateral axis, and yaws around the vertical
axis. (6-1 3)

12. The main control surfaces cause the movement around the flight axis. (6-16)

13 The secondary flight control surfaces reduce the force required to move the pnmary flight control surfaces.
(6-21)

14. An alternale source of pressure for hydraulic systems comes from an automatically contriled, motor-
),driven, AC pump. (7-2)

The landing gears are electrically controlled and hydraulically operated. (7-6)

The antiskid system prevents wheel skid during landing. (7-7)

Electrical requirements are met by AC and DC power supplies and distribution systems. (7-8)

The CSD drives the generator at a constant speed. (7-9)

20.

21.

22.

23.

Four functions of the AC regulator are to regulate voltage, divide the reactive load, limit current, and
rectify the output of the permaneht magnet generator. (7-10)

The ftinction of the generator control panel is to protect the generator and generator drive. (7-11)

No. Tubing color coded with red marking tape indicates it is a fuel line. (8-4)

Hydraulic fluids are generally closified as.to their, type of base. (8-5)

Because greases are made to specification, according to operating temperature requirements. (8-14)

24. The most commonly used safety devices are safety wire and cotter pins. (9-3)

25. The common designation of an electreical switch is by the number, poles, throws, and positions they have.
(9-8)

26. The rotory selector performs the function of a number of switches. (9- I 1)

27. Mechanically operated switches are used for limit switches and position indication. (9-1 2)

28. The thermal switch is used in a fire-warning system. (9-14)

29. Electrically operated switches are called relays. (9-18)

30. The two devices used to control light intensity are the rheostat or the potentiometer. (9-22)

31. The simplest circuit-protection device is the fuse. (9-27)

32. A multimeter is needed to determine the condition of a bakelite fuse. (9-31)

33. Current limiters are generally placed at both ends of a parallel feeder system. (9-3 3)4
34. The advantage of the circuit breaker is that it ca4(reset. (9-35)
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35. The non-thp-free breakers are used in circts where in-flight emergencies might occur. (9-40)

36. Thermocouple connections are connections that can be soldered. (9.42)

37. Crimp-on terminals require a minimum of time and effort. (944)

38. A plug assembly and a receptacle assembly are needed to make an electrical connector. (9-50)

39. Unused pins are filled with wire to provide additional circuits to be included in the connector (9-54)

40. 41 hashish tensile strength, is relatively free from corrosion, and is easy to solder. (9-55)

41. It is generally restricted to large wires for power feeder leads. (9-56)

42. Wire size is designated by a wire gage numbering system. (9-59) .

dirVr

43. Wire should be marked every 15 Inches and 3 inches from each end. Wires less than 3 inches need not be
marked. (9-64),

44. Wires routed through hot areas should be insulated with high-tempecature-resistant material (9-70)

45. Wires bundles must be installed to twist instead of being bent across hinges. (9-74)

46. Wire bundles are laced only when they are inclosed in a junction box. (9-78)

47. Compact wire bundles save weight and space, and require less maintenance. (9-79)

48. Terminal blocks provide a means of connecting terminals inside a junction box or distribution panel.
(9-84)

49. Bonding is a fixed union between two metal objects that provides a path for current flow. (A9)

50. The wire marking machine presses the letter number combinations into the insulation of the wire. (9-93)

51. A soldering iron that is clean and properly tinned is one of the secrets to good soldering. (9-94)

52. Good soldering techniques come with experience. (9-97)

53. The cm:long tool has replaced the soldering iron in many cases because it ls easier to use and does not
require electrical power. (9-98)

54. The jack knife and hand stripper are used to remove insulation from wires. (9-102)

55. The purpose of inspecting the elecirical system is to prevent aircraft from being disabled and to prevent
flights from being interrupted. (10-2)

'56. Technical Order 8-1-1 covers, in detail, the electrical system inspection procedures. (10-4)

57. Wiring should be routed parallel to combustible fluid or oxygen lines.and should be a distance of 6 inches
from the lines. (10-11)

58. Wire bundles should be supported at intervals of not more than 24 inches. (10-13)

CHAPTER 4

I. a. A ammeter is used to measure electron movement.
b. A voltmeter is used to read a difference in potential.
c. An ckhmmeter is used.to read opposition to current flow.
(Intro. -2) N.

2. One must know operation and limitations of meters to troubleshoot, service, and maintain electrical
systems and equipment. (Intro.-5)--..,

3,. The D'Arsonval meter movement is found in most of your test instruments. (1 1 -2)

_

43

225

..

I

i

.,



4 The turning force is provided by the reaction between a stationary magnetic field and the magnetic field
around a DC coil. (11-3)

5. The current flow must always be in the same direction and of the correct polarity. (11-3)

6 Because the movement is rugged, accurate, and capable of measuring DC voltage and current, AC voltage,
and resistance. (I 1-4)

7. The amount of current necessary for a full-scale deflection. (11-5)

8. Damping is the process that eliminates overshooting and the tendency of the pointer to oscillate. (11-6)

9. To prevent an appreciable decrease in circuit current. (11-7)

10. Ammeters are connewred in series with the load. (11-9)

11 To measure an unknown current with a multirange ammeter, you should start with the highest range and
progress down until a suitable reading is oblained. (11-10)

12. A voltmeter is connected in parallel with a circuit. (11-12, 18)

13 This sets up 3 shunting action of the meter. (11-21)

14. No permanent magnet is used in ths electrodynamometer. (11-22)

15 Overshooting and oscillation is eliminated by means of aluminum vanes that move in inclosed air chambers.
(11-25)

16. The ohmmeter's pointer deflection is controlled by the amount of battery current passing through the
moving coil. (11-29)

17. The meter should be "zeroed" because of the different resistors for each range. (11-32)

18. An ohmmeter should never be used in a circuit where a voltage already exists. (11-35)

19 Because current passes more readily through the electrolytic capacitor in one direction than in the other.
(11-41)

20. A megger is used to measure a large value of electrical resistance. (11-43)

21. In the military application, the megger delivers .500 volts DC. (11-44)

A typical multimeter contains voltmeter, milliammeter, and ohmmeter circuits using a single meter
movement. (11-51) .

23 When a moving-cok meter movement is used 'tO measure AC quantities, the meter circuit mint contain a

rectifier. (11-54)

24. When a half-wave circuit is replaced with a full-wave circuit, sensitivity is doubled. (11-55)

25. AC meters are calibrated to read rms value. (11-56)

26. A high-resistance voltage divider is used. (11-62)

27. The V1YM is used to measure peak-to-peak values. (11-66)

78. The wattmeter measures elecrical power. (11-69)
(

29. A very low reading will be obtained from a circuit with a low-power factor. ( 11-71)

30. The watt-varmeter uses tlie electrodynamometer type meter movement. (I I-73)

31 The power factor of a circuit may be determined by the use of a wattmeter. a voltmeter, and an ammeter.
(11-75)
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32. The three frequency meters covered in this course are dynamometer type, vibrating reed type, and
frequeVy counter. (11-77-81)

33 The intensity control must be turned down on the oscilloscope to prevent burning the CRT. (12-3)

34. Potentiometers are usedj adjust the electron beam. (124)

35. The length of the sweep is changed by varying the horizontal gain control. (12-7)

36. The sweep frequency must be known to determine an unknown frequency. (12-11)

37. A smooth curve in which the pOsitive and negative peaks are identical. (12-17)

38. The two tube testers are emission and transconductance. (12-19)

39 The most accurate tester is the transconductance type. A tube may indicate normal emission and still not
operate properly. (12-19)

40 To compensate for differencp in the line voltage, use the LINE ADJUST knob. (12-21)

41. A small protective lamp is connected in series with the primary transformer. (12-24)

41. The neon lamp will glow continually on one or more switch positions. (12-25) ^

43. Tapping the tube will cause movement of loose electrodes. (12-26)

44. Excessive gas will be indicated by an increase of more than one scale division. (12-27)

45 The Wheatstone bridge is generally used to measure resistance. (12-30)

,

CHAPTER 5

I. A machine is a device that helps you do work. (13-2)

, Mechanical advantage is the ratio of resistance to applied force which measures the efficiency of the
machine. (134)

3. Three examples of simple machines are the lever, inclined plane, and screw. (13-17)

4. Pressure is the push or pull per unit area of surface acted upon. (13-21)

5. The resistanceawill decrease. (13-31)

6. The three major particles of an atom are the proton, neutron, and electron. (13-35)

7 A positive ion is one that has a deficiencjt of electrons. (1342)

8. The three major electrical categories of materials are insulators, conductors and semiconductors. (13-48)

9.
-

A good conductor is a material that has a large number of free electrons. (1349)

10. A material is a good insulator when all electrons are held tightly to its orbit. (13-54)

11 As theiemperature of a semi-conductorpaterial increases-, its resistance decreases. (13-58)

12, The three types of electrical charges are positive, negative, and neutral. (13-61)

13. Like charges will repel each other. (13-62)

14. Static electrical charges are produced by friction, conduction, or induction. (13-67-69)

15 Current flow is the movement of free electrons from negative to positive. (13-73)

16. Voltage is the difference of potential between two points. (13-78)

17. North and south poles. (14-2. 3)
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18. By Winding it in a coil or by looping it. (14-13)

19. Induction is the process by which electric current is produced within a conductor when moved in a
magnetic field. (14-16)

20. A current-carrying conductor will always move at right angles to the field. (14-17)

21. The magnetic field will be strengthened. (14-20)

22. The factors that affect the magnitude of an EMF produced in a generator are the,strength of the magnetic
field and its relative speed. (1424)

23. When the voltage rises and falls through 360E°. (14-36,37)

24. Frequency is the numher of cycles in 1 second. (14-38)

25. The frequency of an alternator is determined by the number of poles in the alternator and as kpeed of
rotation. (14-40)

26. The effective value of an AC voltage is rms. (144448)

27. c = N/a2 + b2 (15-8)

28. A MaXiIIIIIIII value occurs at both 900 and 270° of the sine wave curve. (15-19)

29. The angle is 20°. (15-27)

CHAPTER 6 \
..

1. Ohm stated that current through an electrical component is directly proportional to the voltage across the
component and inversely proportional to its resiStancrf16-5)

------
2. The mathematical relationship is stated as I = ER..(16-5)

3. An increase in circuit resistance will decrease circuit current. (16-10)

4. Kirchhoffs current law states that the algebraic 'slim of the currents entering and leaving a Junction is
zero. (16-15, 16)

5. Kirchhoffs voltage law states that the algebraic sum of the applied voltages and voltage drops around any
closed circuit is zero. (16-15, 17). .,

6. A series circuit is a circuit that has only one path.for current flow. (16-21)
,.,.

7. Total resistance is computed by summing up the individual resistances or, if total'voltage and current are
known, applying Ohm's law.(16-23)

8. Before you can measure voltages, you must first establish a reference point, otherwise determining
polarities would be impossible. (16-26, 27) '

9. Total voltage is the sum of the individual voltage drops. (16-29)

10. Power is the product of voltage a9d current. (16-30)

11. The voltage applied to each path in a parallel circuit is.the same and is applied simultaneously. (16 32)

12. Total current is the sum of the currents of each path. (16-3g)

13. Total resistance is smaller than the resistance of the path wah the least resistance. (16-39)

14. R
T I 1

1 or R
T

=
R' R2

for two paths. (16-43, 44)
1 RI + Ra

RI + Ra + R3

46



15. Series parallel circuits can be analyzed by applying the rules for both series and parallel circuits where
required. (16-51)

16. A capacitor consists of two plates separated by a dielectric. (17-2)

-17. Capacitance is measured in farads. (17-4)
15.

18. increasing the distance between the plates of a capacitor will decrease the capacitance and vice versa.
(17-6)

19. Total capacitance in a series circuit = CT

CT
1

1
1

(17-6) .
_ + _
CI C2

20. Charging current is limited by circuit iTsistance. (17-14)

2,1. RC time constant is the measure of how rapidly voltage and current change can respond to changes in
voltage current amplitudes. (17-17)

22. There is a 90° phase shift with current leading the voltage. (17-20)

23. Since current is the same in all parts of a series circuit, it is used as the reference point. (17-21)

24. The relationship is determined by elementary vectors. (17-22)
_........ E,

25. The phase angle is computed by trigonometric methods e = arc tan _....'
ER

(17-25)

26. Capacitive reactance = X I
. C 2 rrfC

(17-27)

27. Impedance is comikted by.sectors. Impedance = Z = V112 + X 2
(17-28, 29) .

C

V
28. By vecto.,rs. i otal current = IT = 1I R2 + y

(17-33)

29. Total impedande of parallel circuits = ZT

T

ZiZ2 where Z1 and Z2 is the impedance of each path.
Zi + Z2

(17-33)

30. Reactive power is the power associated with an inductor or capacitoi and is returned to the source without
doing any work. (17-38)

31: True power is the power associated with the resistive circuit elements and represents the actual rate of

. doing work. TP is expressed in watts. (17-39)

32. Power factor is the ratio of true power to apparent power and measures the efficiency of the circuit.
(17-40)

33. Inductance is that property of a circuit that tends to prevent a change in current, (1745)

34. Inductance is measured in henrys. (17-46)

35. Parallel inductors are added as parallel resistances

1LT =
1 1 1

17+1; +1---;
(17-49)

-1
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36 Time constant: T = L seconds. (17-56)

R

37 The line of reference in a series circuit for both inductance and resistance is current since it is the same in
all parts. (17-61)

38. Total voltagg in a serieJ.iLçuit is computed by vectors:

ET =4E R2 + E L2 (17-62

39. Inductive reactance: X = 2 n fL
(17-66)

L

40. impedance is computed in the same manner as with series RC circuits by vectors
Z =N/R2 + X 2 (1 7-67)

L

41 The appliedvoltage vectorigc; as the reference vector since voltage is the same to each path-. (17-72)

42. Reactances are directly added in LCR circuits since th are 180° out of phase. (17;70)

43 To comptIte Impedance in LCR circuits, subtract capacitive reactance from inductive reactance and then
use vectors with resistance. (17-79)

a

44. Resonance occurs when X
C

= XL. (17-81)
-

CHAPTER 7
'

I. The la ng of agnetic flux behind the magnetic force that produced the flux is hysteresis. (18-11)
-, Saturati n is the p int of flux density that is maximum for that core. An ncrease in magnetizing force

causes no increase)h flux density. (18-16)

3. The AC voltage in the input coil can no longer create a flux change in the,core, and therefore there will be
maximum output from the amplifier. (18-21; Part A, Fig. 114)

4. The number of turns of wire in each coil. (18-24)

5. A voltage reference is necessary to maintain a constant voltage reference signal (to the first stage of the
mag amp) over a wide range of generator output. (18-27)

6 The purpose of the feedback circuits is to detect and damp out the effect of a change in output circuit of
a magnetic amplifier. (18-30)

A transformer is a device that makes possible the transfer of electrical energy from one circuit to another. t

( 18-34)
%

8. Energy is coupled from the primary to the secondary by means of the mutual-induction principle. (18-40)

9 The core of soft Iron is laminated Into very thin strips and each strip is Insulated against each other. This
prevents Iron losses. The windings are as short and as large as possible to reduce copper losses. (18-47, 49)

10. There is one winding in an autotransformer. (18-52)

11 "Acceptor impurities" are those that take on valence electrons to make the semiconductor substance
vosit we. (19-4)

v.1..

12 "Donor impulities" are those that give up electrons to make the semiconductor substance negative. (19-5)

13. The resistance of the potential barrier is increased to the point where no electrons can flow in the external
circuit. (19-7)
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14. The crystalline structure of the transistor will break down and the only opposition to current flow will be

the resistance of the material. (19-7)

15. The power gained as a signal is transferred fronta low-resistance circuit to a high-resistance circuit. (19-18)

16. It identifies the emitter and indicates the type of transistor, NPN or PNP. (19-21)

17. The main current flows from the emitter to the collector. (19-21)

18. The circuit element that is grounded or common (emitter) to the input circuit and output circuit is
common to the basic amplifier configuration. (19-25, Fig. 114)

19. Emitter current, le; collector cuitent,1
c
;and base current, lb. (19-27, Fig. 116)

20. triggered circuit is one in which an externally applied signal causes an instantaneous change in the
operating state of a circuit. (19-29)

21. Monostatle operation requires only one triggered pulse, while bistable operation requires two triggered
pulses. (19-35, 40)

22. The duration of the output or triggered pulse is determined by the values or time constant of Rr and

C
F 1

. (19-39, Fig. 118)

23. A NOT AND gating circuit is an example of a common-emitter amplifier. (19-56)

CHAPTER 8

I. Thermionic (vacuum tubes). secondary (none), photoelectric (photo-cell), and cold cathode (gas voltage
regulator tube). (20-11-14)

2. The plate current is 9 ma. (20-22, Fig. 123)

3. Diode; triode; tetrode. (20-23)

4. The dual diode serves as a full-wave rectifier, whereas the diode serves as a half-wave rectifier (20-28)

5 The purpose of the control grid is to govern the movement of electrons between the cathode and the
plate. (20-30)

6 The tetrode. (20-36)

7, The suppressor grid eliminates the effect of secondary emission. (20-38)

8. The breakdown voltage is determined primarily by the type of gas, the materials used for the electrodes,
and their size and spacing. (20-42)

9. In the gas diode, the ionized gas allows more current to flow with less voltage loss, making the gas diode a

more efficient voltage regulator. (20-46)

10. The VR tube has a voltage limitation; it is not made for high voltages. How,ever, this can be overcome by

connecting them in series. (20-50)

11. The anodes focus the direction of the electrons emitted by the electron gun.(20-63)

12. The focus control has the most effect on the size of the dot on the screen. (20-69)

13 The oscilloscope has a much higher input impedance. (20-81)

14. The horizontal axis represents time. (20-84)

15. Half-wave rectifier. (21-9)
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16. In the half-wave rectifier only the positive alternations are passed, in the full-wave rectifier over the full.
wave rectifier is that the entire secondary output is rectified, while the full-wave rectifier requires twice^
the secondary output to provide the same DC output of a half-wave rectifier. . (2144)

17. The power-filter circuit reduces the ripple and delivers a nearly constant direct current to the output
terminals. (21.15)

18. Capacitor-input filter. (21-24)

19. The bleeder keeps a load on the circuit and protects the filter capacitors when the tube starts to conduCt.
(21-26)

20. Choke-input filters provide good voltage regulation. (21-27)

21: The type of electronic voltage regulator used in figure 151 provides a constant output.voltage despite
changing input voltage and changing loads. (21-38)

22. The "cutoff' is the point at which the potential on the control grid is sufficient to stop current flow
through the tube. (22.9)

23. It is necessary to prevent a triode from,operating along the curved iart of its characteristic curve to
prevent grid current from flowing. (22-9)

24. The two types of amplifier coupling most commonly used are the RC and the transformer. (22.17)

.25 "Regeneration" is the addition of a portion of the amplified output to the input to increase the gain of the
unit. (22-23)

26. Yes, by feeding back some of the output into the input circuit. (22-27)

\non
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SHEET TO THIS PENCIL.
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Carefully read the following:

DO5

1. Check the "course,'' "volume," and "form" nuMbers from the answer sheet address tab against the
"VRE answer sheet identification number" in the righthand column of the shipping list. If numliers
do not match, take action to return the answer sheet And the shipping list to EC1 immediately with
a note of explanation.

42351 01 21

VOLUME REVIEW EXERCISE

2.. Note that numerical sequence on answer sheet alternates across from cohimn to column.

3. Use only medium sharp # !black lead pencil for markinglinswer sheet.

4. Circle the correct answer in this test booklet. After you are sure of your answers, transfer them to
the answer sheet. If you have to change an answer on the answer sheet, be sure that the erasure is
complete. Use a clean eraser. But try to avoid ally erasure on the answer sheet,if at all possible.

5. Take action to return entire answer sheet to EC.

6. Keep Volume Review Exercise booklet for review and reference.

7. If mandatorily enrolled student, process questions or comments through your unit trainer or OJT
supervisor.
If voluntarily enrolled student, send questions or comments to ECI on ECI Form 17.

DONT

I. Don't use answer sheets other than one furnished specifically for each review exercise.

2. Don't mark on the answer sheet except to fill in marking blocks. Double marks or excessive markings
which overflow marking blocks will register as errors.

3. Don't fold, spindle, staile, tape, or mutilate the answer sheet.

4. Don't use ink or any marking other than with a # 1 black lead pencil.

Note The 3-digit number in parenthesis immediately following each item number in this Volume
.

Review Exercise represents a Guide Number in the Study Reference Guide which in turn indicates
t1ze area of the text where the answer to that item can be found. For propir'ime of these Guide
NUmbers in assisting you with your VolumiReviiw Exercise, read carefully the instructions in
the heading of the Study Reference Guide. -
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Multiple Choice

Note; The first three items in this4xercise are based on instructions that were included with your
course materials. The correctness or incorrectness of your answers to these Items will be reflected in your

total score. There are no Study Reference Guide subject-area numbers for these first three items.

1. If I tape, staple or mutilate my answer sheet; or if I do not cleanly erase when I make changes un
the sheet: or if I write over the numbers and symboli along the top margin of the sheet,

-
a. I will reckive a new answer sheet.
b. my answer sheet will be hand-graded.
c. I will be required to retake the VRE.
d. my answer sheet will be unscored or scored incorrectly.

2. The form number of this VRE must match

a. the form number on the answer sheet. c. my course volume number.
b. the number'of the Shipping List. d. my cuurse numbei.

3. So that the electronic scanner can properly score my answer sheet. I must mark my answers with a

a . number I black lead pencil. c. pen with blue ink.
b. ball point or liquid-lead pen. d. pen with black ink.
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Chapter 2

16 (105) If a person is orderly and presents a good appearance, it win probably

a. be the result of strict parents. c. be reflected in his work.
b result in careless work habits. d. have nothing to do with his work.

17. ( 104) The part of the body most affected by radar beams is the

a. skin.
b. eyes.

..

1

3

,

c. nerve system.
d. muscular system.
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18. (104) The correct way to isolate a circuit with external power applied to the aircraft is to
I*

a . disconnect the battery. C. pull the circuit breaker and tig it.
,b. engage the circuit breaker. d. place the-switch in- the OFF position and tag-it.

- .

19. (104) People who are referred ta as "accident prone" are generally those who

a . have a negative attitude. c. are careless.
b. have poor work habits. d. are all of the,above.

20. (104) The man directly responsible for your education regarding radioactive matenal is

a. you, yourself. c. the maintenance officer.
b. the shop supervisor. d. the Chief of Maintenance.

21. (104) The minimum safe distanCe behinci a jet engine exhaust is

a. 100 feet.
b. 150 feet.

c. 250 feet.
d. 200 feet.

22. (104) The propeller of an aircraft is a hazard area. Which one of the following engines does not have
a propeller?

a . Radial. c. Turbojet.
b. Turboprop. d. Reciprocating.

23. (104) The minimum safe distance from a jet engine intake is

a. 25 feet.
b. 35 feet.

c. 55 feet.
d. 75 feet.

1"--

)
24. (104) With an aircraft on jacks for landing gear problems, there should be one man in the cockpit

> and one qn the ground. These two men should be in direct communication. What is the best position
for the man on the grdund? :

a . Near the.left wing tip. , c. Where he can see all around the aircraft.
b. Near the right wing tip. d. Where he can see the man in the cockpit.

Chaptel 3

25. (107) On modern lugh-perforrnance fighters, all control surfaces are actuated through the use of
hydraulic pressure. This makes unnecessary the use of

a . balance and servo tabs. c. electrical pumps.
b. air turbine drives. d. secondaricontrol surfaces.

.,

26. (106) In the aircraft designation BS2G, the G indicates

a. mission-design. c. series of basic aircraft.
4. b. aircraft model. , d. current use of basic aircraft.

A

27. (110) What type of switch operation is porm;lly uied with a landinglear position indicator circuit'

a. Rotary.
b. Thermal.

I

c. Pressure.
d. Mechanical.
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28. (108) What is the purpose of the constant-speed drive (CSD) used in the 0-C power system''

a. The CSD insures constant generator voltage,'
b. The CSD insures constant engine and generatorspeed.
c . The CSD changes variable engine speed to constant generator speed.
d. The CSD changes variable generator speed to constant engine speed.

29. (111) Normally, the only electrical terminals and splices in an aircraft that may be soldered are
, _

.0
a. ignition leads. c. those in exposed areas.
b. thermocouple leads. d. those in the engine area.

30. (112) The preferred method for securing elegtrical terminals on a board is to use

a a good grade of glue .. c. an anchor nut or self.locking nut.
b. a castled nut and cotter pin. d. a flat washer and a nonlocking nut.

31. (112) Spot ties are made whenever the bundle supports are more than

a. 6 inches apart.
b. 8 inches apart. . 31?

c. 10 inches apart.
d. 12 inches apart.

32. (110) The two most commonly used safety devices on aircraft are

a . cotter pins and safety wire.
b. cotter pins and lockwashers.

c. self-locking nuts and safety wire.
d. self-locking nuts and lockwashers.

33. (107) The pukpose of servo4tabs on airfoils is to

a. help move the secondary flight control surfaces.
b. help move the primary flight control surfaces.
c. counterbalance pressures on the primary flight controls.
d. counterbalance pressures on the secondary flight controls.

34. (112) One reason for electrical bonding is to provide

a . a common ground for all electrical components.
b. complete isolation of all electrical coMponents.
c. a high.resistance return path ior a single-wire electrical system.
d. a lowresistance return path for a single-wire electrical system.

.,

35. (110) Rheostats and potentiometers are both rated with regard to

,

a. minimum resistance only.

9---3/

c. minimum resistance, current, and power. ,
b. maximum resistance only. d. maximum resistance, current, and power.

36. (113) The quality of a soldered joint depends greatly on the

a . type of iron.
b. type of tip.

c. material being soldered.
d. person doing the soldering:

37. (113) To find the proper temperature setting for a wire-making machine, refer to

a. TO 1-1A-14.
b. TO 1.1A-8.

ta

1

c. TO 00-20-2.
d. TO 00-20-1.
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38 ( 112) Compact wire bundles are being installed i newer aircraft to

.1 . have weight and space.

b. make troubleshooting easier.

I

increase current-carrying capacity.
d. provide easy acces&to-individual wires.

39. (108) In an aii-turbine-driven hydraulic system, the alternate source of hydraulic pressure is

a. an engine-driven pump.
b. a turbine-driven pump.

40. (111) When replacing a copper terminal, usie

a. a copper replacement.
b. an aluminumieplacement only.

c. a three-phase AC motor-driven pump.
d. a three-phase DC motor-driven pump.

si

-..

c. a stainless steel replacement.
d. a steel or aluminum replacement.

41 (114) The conditions that should exist in all aircraft electrical wiring installations are listed in

a. TO 66-1.
b. TO 8-1-1.

c. TO 1-1-8.
d. TO 00-20-2.

42 (112) The electrically resistant oxide film that forms on aluminum surfaces is best removed with

a. Penetrox A. c. Stoddards solvent.
b. lacquer remover. d. methyl-ethyl-ketone.

43 (110) The simplest overcurrent protectkon device is a

a . fuse.

b. switch.
c. current limiter.
d. circuit breaker.

--- 44. (108) The unit that is installed to protect the AC system generator and generator drive is the

a. control panel. a c. constant-speed drive.
b. vpItage regulator. d. governor control system.

,.

45 (112) The tool that is retommended for use when removing insulation from aluminum wire is a

a. hacksaw.
b jackknife.

c. hand crimper.
d. hand stripper.

46 (111 ) All MS connectors have aluminum shells except one, and it has a

a steel shell for fire resistance. 't.. c. steel shell for corrosion protection.
b bronze shell for fire resistance, d. bronze shell for corrosion protection.

47 (109) Generally, hydraulic fluids are classified according to their

a. use.
bc base.

c. viscosity.
d. temperature range.

48. (112) Instructions for preparing aircrdft wire and cable for installation are found in

a . TO 8-1-1.
b TO 00-20-1.

c. TO 1-1A-14.
d. TO 1-IA-8.

.0
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49. (10-7) The chord line ol an airltn1 extends from

.1. wing tip to wing tip.
b wing tip to fuselage.

c. the upper surface to the lower surface.
d. the leading edge to the trailing edge

50. (109) What is the color of the tape that is used to identify fuel lines in an uncrafe

a Green.
b. Red.

c. Brown.
d. Yellow.

51. (107) The aerodynamic force that opposes forward motion of an aircraft is called

a. lift .
b. drag

c. thrust.
d. weight.

52. (114) When it is necessary to route a wire bundle near a combustible fluid or an oxygen line, the
bundle should be

a. protected by a mechanical guard.
b. enclosed in flexible nonmetallic conduit.
c. attached to the plumbing line for support.
d. supported independently of any plumbing line.

53 (107) The flight control surface that primarily controls movement of an aircraft around its lateral
axis is the

a. rudder.
b aileron.

54. (106) Which wing design employs "elevons"

a. Rotory wing.
b. Swept-wing.

c. elevator.
d. spoiler.

c. Delta wing.
d. Conventional wing.

55. (107) The secondary flight control surfaces that offset a heavy nose or heavy tail condition of an
aircraft are the

a. aileron trim tabs. c. aileron servo tabs.

b. elevator trim tabs. d. elevator servo tabs.

56. (110) What type of circuit protection device is designed to carry an overload for a short period of
time?

a. A heavy-duty fuse. c. A current limiter.
b A slow blow fuse. d. breaker'

57 (107) Movement of an aircraft around,its longitudinal axis is called

a. roll.
b. yaw.

c. slip.
d. pitch.

58. (112) Aluminum wire is sometimes used in aircraft electrical systems because it

a. has less resistance than copper wire. c. is softer arid more flexible than copper
b. has an ever.present oxide film on its surface. d. weighs less than copper wire of the same size

p.
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,59. (108) The 4ircraft main landing gear system discussed tin the text is )

a. electrically controlled, hydraulically operated, and mechanically locked.
b. hydraulically controlled, electrically operated, and mechanically locked.

c. mechanically controlled, hydraulically operated, and electrically locked.
d. electrically controlled, mechanically operated, and hydraulically locked.

60. (107) The aerodynamic force which results from gravity is often referred to as

a. lift.
b. weight.

11 c. drag.

).--1
d. thrust.

Chapter 4

61. (116) When using an ohnlmeter, you should-select the multiplication factor (range) that will result

in the pointer coming to rest near the

a. midpoint of the scale. c. highest point on the scale.

b. lowest point on the scale. d. infinity reading on the scale.

62. (117) The typical multimeter is a combination voltmeter,

a . ammeter, and megger. c. wattmeter, and potentiometer.
b. frequency meter, and dosimeter. d. ohmmeter , and milliammeter.

63. (119) Two types of tube testers are commonly used in the Air Force. They are called

a. emission and conoluctance. c. emission and transconductance.

b. transconductanceand emitter. d. transconductance and conductance.

64. (115) Damping is accomplished in the electrodynamometer type meter by

a. aluminum vanes. c. aluminum bobbins.

b. hairsprings. d. hermetically sealed cases.

65. (119) In order for a galvanometer to read current flow when connected across the two legs of a

bridge circuit, the circuit must be .
a. inverted.
b. balanced.

c. unbalanced.
d. open-circuited.

66. (118) The sweep frequency controls of an oscilloscope may be used to match the sweep frequency

to the .,...

a. saw-tooth generator.
b. input signal frequency.,

c. amplitude of the input signal.
d. graduated scale on the screen.

67. (117) A watt-varmeter used on AC powered aircraft indicates

a. apparent load.
b. real load only.

c. reactive load only.
d. reactive and real load.

68. (117) Which frequency meter uses a dial and pointer to provide a visual indication of frequency

being measured?

a. Dynamometer type. c. FrequenCy counter.

b. Vibrating ret'd type. d. Oscilloscope.
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69. (118) Movement of the dot from left to right or up and down on an oscilloscope is controlled by the

a. sweep frequency knob. c. horizontal centering knob alone.
b. vertical centering knob alone. d. horizontal and vertical centering knobs.

70. (117) Which of the following types of meters cannot measure frequency!

a. Counter.
b. Dynamometer.

c. Multimeter.
d. Vibrating reed.

71. (119) When rotating the SHORT TUBE TEST switch, momentary flashes of the neon SHORTS
lamp indicate

a. a shorted filament. c. an open tube element.
b. normal operation. d. a shorted tube element.

72. (118) Sharp and clear dots or lines on the screen of the oscilloscope are normally Obtained by
adjusting the

a. intensity and focus knobs.
b. intensity and sweep knobs.

c. focus and sweep knobs.
d. horizontal centering knob.

73. (115) When an unknown voltage is to be measured by a voltmeter, what range should be first,
selected for use?

a. Mid-meter range. c. The highest meter range.
b. Ohmmeter-set range. d. The lowest meter range.

74. (117) What type of meter movement is used in most wattmeters?

a. Hot wire. c. Fixed magnet.
b. D'Arsonval. d. Electrodynamometer.

75. (119) The Wheatstone bridge is a network circuit generally used to measure

a. current.
b. voltage.

c. capacitance.
d. resistance.

.

76. (115) Which, if any, of the following type meters requires a rectifier in order for it to successfully
operate on alternating current?

a. D'Arsonval movement.
b. Moving-iron vane type.

c. Electrodynamometer.
d. None of the above.

, Chapter 5

77. (129) A positive ion has

a. a deficiency of electrons. c. an excess of neutrons.
b. an excess of electrons. d. a deficiency of protons.

78. (122) The frequency of the current produced by a four-pole alternator rotanng at 2400 rpm is

a. 60 cps.
b. 80 cps.

c. 160 cps.
d. 380 cps.
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79. (122) The value of a DC voltage which will produce the same heating effect as a certain AC voltage
..

is known as the latter's .

a. peak value.
b. instantaneous vaiue.

c. effective value.
d. average value.

80. (123) When vectors are 1800 out of phase, the resultant is found by

a. dividing the larger by the smaller. c. 'subtracting the smaller from the larger.
b. dividing the smaller by the larger.

..,
d. multiplying the larger by the smaller.

81 (123) At which of the following angles is the sine at its maximum value of 1?

a. 00. c. 180°.
b. 90°. d. 360°.

82. (120) A significant fact about the continuous cable in the fire warning system is that as temperature

a. decreases,-resistance between the conductors decreases.
b. decreases, the current between the conductors increases.
c. increases, the current between the conductors decreases.
d: Increases, resistance between the conductors decreases.

83. (122) Moving a conchictor within a magnetic field so that lines of force are cut will

a. produce a current in the Conductor. c. not affect the conductor's electrical state.
b. change the resistance of the conductor. d. increase the strength of the magnetic field.

84. ( 123) If the two legs of a right triangle are 9 inches and 12 inches long, respectively, , what is the length
of the hypotenuse?

a, 15 inches. c. 19 inches.
b. lj inches. d. 21 inches.

85. (122) If a voltage has a peak value of 150 volts, what is its average value?

a 75 volts.
b. 95.'55 volts.

86. (120) Pressure is usually measured in

a. ounces per unit volume.
b. feet per cubic unit.

c. 106 volts.
d. 212 volts.

c. pounds per urut volume.
d. pounds per unit area.

87. (120) What is the approximate theoretical mechanical advantage of a screw jack with a 30-inch
handle if the pitch of the threads is 1/2 inch?

a. 30. c. 190.
b. 60. d. 375.

88. (120) A proton has what type of electrical charge?

a. A negative charge.
b. A positive charge.

,

c. A neutral charge.
d. It may have either a positive or negative charge.



89. (121) A difference in electrical potential between two point6 is referred to as

a. conductance.
b. resistance.

c . current.
d. voltage.

Chapter 6

90. (124) According to Ohm's law,

a. current is inversely proportional to voltage.
, ..b. current is directly proportional to voltage.

,
C. voltage is inversely proportional to resistance.
d. resistance is directly proportional to current.

91. (125) Thirty volts is applied to a circuit consisting of a 5-ohm, a 10-ohm, and a 15-ohm resistor
connected in parallel. Which of the following is a correct statement?

a. The current through the 5-ohm resistor is greater than the current through the 10-ohm resistor.
b. The voltage drop across the 15-ohm resistor is greater than the voltage drop across the 10-ohm

resistor.
c . The total resistance of the circuit is greater than 5 ohms.
d. The voltage drop across the 15-ohm resistor is less than the voltage drop across the 10-ohm

resistor.

92 (127) A power factor of 100 percent in an electrical circuit indicates that the circuit is probably

a . resistive in character. c. inductive in character.
b. capacitive in character. ch reactive in character.

93 (125) A circuit has a 5-ohm, a 10-ohm and a I5-ohm resistor connected in series. With an indication
of 2 amperes flowing through the 5-ohm resistor, there must be

, a . an applied voltage of 30 volts.
b an applied voltage of 60 volts.

,

,c . a 15-volt drop across the 15-ohm resistor.
d. a 20-volt drop across the 5-ohm resistor.

94. (129) In the analysis of parallel LR circuits, the reference vector is usually the

a . total current. c. current through the resistance.
b applied voltage. d. voltage of the capacitor.

95. ( 124) A genpal application of Kirchhoff's current law it that

a. electrical charge is not conserved.
b current is inversely proportional to voltage.
c. current is instanteous at all points in a closed single loop.
d. current vanes somewhat at different points in a closed single loop.

96. (128) Inductance in an electrical circuit

a. resists change.
b. lowers resistance.

c. creates magnetism.
d. augments current.

97. (126) The capacitor changing current in an RC direct-current circuit is governed by

a. capacitor size. cA3voltage drop.
b. circuit resistance. d., attery resistance.
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98. (127) The total current in a parallel RC circuit that has 0.4 ampere flowing through the capacitance
and 0.3 ampere flowing hrough the resistance is approximately

a. 0.3 ampere.
b. 0.4 ampere.

c. 0.5 ampere.
d. 0.7 ampere.

99. (124) When applying Kirchhoff's voltage law, the direction of current flow

a. is not a factor for cor5deration. c. is assumed to be from negative to positive.

b. is assumed to be from positive to negative. d. may be assumed to be in either direction.

Chapter 7

100. (132) The electrical potential barrier of a transistor can be increased by

a. the dopingirocess. c, decreasing forward bias.

b. increasing reverse bias. d. increhing the potential.

101. (134) Gating circuits function primarily as

a. heaters.
b. switches.

c. rectifiers.
d. amplifiers.

,

102. (132) In a PN junction rectifier, the cathode is normally the

a. P region and the N region is the anode. - c. N region and the P region is the anode.

b. P region and the junction is the anode, d. junction and the N region is the anode.

103. (132) N type materials used in semiconductors have an excess of

a. ions.
b. holes.

c'. protons.
d. electrons.

104. (132) A rectifier power supply using four PN junction diodes is a

, a. full-wave bridge. c . semiwave conventional./
b. half-wave bridge. d. half-wave conventional.

105. (130) A magnetic amplifier

a. augments voltage.
b. amplifies current.

106. (134) NOR gating circuits are best operated as

1
a. common base.
b. commoh emitters.

,

c. increases magnetism.
d.ontrols power.

IP

c. common collec'tor.
d. none of the above.

107. (130) The term used in magneilc circuits which c. responds to the term "voltage" in electrical

circuits is

a. flux.
b. reluctance.

c . m etomotive force.
d. magn lines of force.
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198. (132) A diode that is specifically designed to operate with reverse bias is the

a. gas diode. c. tunnel diode.

b: SCR diode. d. Zener diode.

;-

109. (131) Most transformers use iron-core material because it

a . offers a path of low reluctance. c. reduces the effect of eddy currents.

b. offers a pathof high raireterives: d. increases the effect of eddy currents.

Chapter 8

110. (137) In the cathode-ray tube, the positioning of the electron beam is controlled by adjusting the

a. voltage applied to the first grid.
b. voltage applied to the deflecting plates.
c. voltage applied to the first:and second anodes.
d. velocity at which the electrons pass through the tube.

III. (135) In a triode, primary plate current flow is determined by varying the signal to the

a . plate.
b. cathode.

c. control grid.
d. screen grid.

112. (137) If the polarity of the top vertical deflection plate is made positive and the bottom vertical ,

deflection plate is made negative, the beam and spot will

a. move up. c. not move.

b. move down. d. move diagonally.

113. (140) Undesired grid current is avoided in an electron tube by placing a -

a . negative bias on the grid. c. positive bias on the plate.

b. positive bias on the grid. d. negative potential on the plate.

114. (135) The process by whicka heated emitter gives off electrons is called

a. the Hertz effect. c. thermionic emission.

b. the Edison effect. d. photoelectric emission.

115. Which element of a cathoderay tube is responsible for.bending the electron stream?

a . The grid. cThesecondanode.
b. The first anode. d. The deflection pla.tes.

116. (136) Grid control is reestablished in a thyratron tube by

a. reducing grid voltage. c. raising plate potential.

b. increasing grid voltage. d. reducing the plate potential.

117. (135) In a pentode tube, the effects of secondary tinistion ar'e eliminated by

a. -the use of 'a suppressor grid.
b. the,use of a screen grid.

c. reducingithe elec,tron flow to the 'plate.
d. reducing the amplification fahor Of the tube.
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'61
118. (135) In an electron,tube, electrons normally flow from the

a. plate to the grid. c. cathode to the 'plate.
b. grid to the cathode. d. plate to the cathode.

119. (140) Feedback is useful in

a. raising the otitput of the amplifier.
b. lowering the output of the amplifier.

c. stabilizing the output of the amplifier.
d. none of the above instances.

120. (140) The grid in a- triode tube has greater effect on the emitted electrons than the plate does
because the

a. grid is hotter than the plate. c. plateis larger and thicker.
b. plate is hotter than the grid. d. grid is closer to the cathode.

J21. ( 38) To provide good regulation under varying load conditions, a power supply should contain a

a. fullwave rectifier and a choke-input niter.
b. half-wave rectifier and a choke-input filter.
c. fullwave rectifier and a capacitance-input filter.
d. half-wave rectifter and'a capacitance-input filter.

122. (138) Half-wave rectifier; are generally used when the power requirements are for

a. low voltage and low current. c. high current and high voltage.
b. high current and low voltage. d. high voltage and low current.

. 123. (140) The signal voltage applied to the grid or ;ny tube should be of Iiiniteg, valu<0. If this value is
exceeded, the result is

a. a burned out tabe. c. distortion in the output signal.
b. excessive plate to grid current. d. all of the above.

124. (137) If an AC signal is applied to the vertical deflection plates of an oscillescope, without,the
- application of sweep, the spot will appear

a. as a horizontal line.
b. to decrease in intensity.

c. as a vertical line.
d. to make jarking movements.
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Preface

NOW YOU are ready for Volume 2 which will discuss the aircraft power sys-
tems. These systems are the nerve center of the aircraft, because they serve

as the source of energy or control for almost every system on any aircraft. You,
the electrical repairman, have the responsibility for these power systems.

In Chapter 1 we will discuss the lead-acid and alkaline batteries, methods of
servicing, and the equipment used for servicing. The importance of batteries
should not be underestimated, because they are very important as emergency
power systems. Their maintenance is very critical and a well operated battery
shop has more the appearance of a laboratory than a shop.

In order to maintain the very essential ac and dc power systems, an electrical

repairman has to ,use many different types of test equipment. In Chapter 2 you
will learn the T3I, T35, T170 testers; the MC-2 Basic Field Test Stand; the A-1
Load Bank; and the L-1A Inverter Test Stand. These are not by any means the
only type test equipment you will be concerned with, but they are the most common

and usually can be found in most shops. Most of the other testers are designed for

one weapon system only and will be taught with that weapon. Your knowledge
and use of these testers will play a large part in how effectively you troubleshoot.

Chapter 3 is devoted to the operation, maintenance, testing, alyi troubleshooting

of the dc generator system and components. The knowledge gained from this
chapter will be a great asset to you in your daily work as an electrical repairman.

In modern aircraft, the use of the transformer-rectifier (T-R unit), in addition to

or in lieu of the dc generator, is becoming more and more common. In Chapter 4

we will discuss the various types of T-R units you will encounter. You will be
given a description of a typical T-R power system.

On most all aircraft the ac generator system is important, and on many aircraft
it is the original source of all electrical, energy with the exception of the ba,ttery:

Chapter 5 will discuss the operation; maintenance, testing, analysis, and trouble-
,

shooting of the ac generator systems.

The last chapter of this volume will deal with motors (both ac and dc) and
inverters (both rotary and static). Because motors and inverters are covered last

in this volume does not mean that they are of lesser importance. There are many
motors on all aircraft and most all aircraft have some type of inverter.

Printed and bound in the back of this volume are three foldouts. Whenev'er you

are referred to one of these foldouts in the text, please turn td the back of the
volume and locate it.

If you have questions on the accuracy or currency of the subject matter of this

text, or recommendations for its improvement, send them to TECH TNG CEN
(TSOC) CHANUTE AFB ILL 61868.

If you have questions on course enrollment or administration, or on any of
ECI's instructional aids (Your Key to Career Development, Study Reference

2 (1
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Guides, Chapter Review Exercises, Volume Review Exercise, and Course Examina-..
tion), consult your education officer, training officer, or NCO, as appropriate.
If he can't answer your questions, send,them to ECI, Gunter AFB, Alabama 36114,
preferably oil ECI Form 17, Student Requestfor Assistance.

..
Material in this volume .is tclmically accbrate, adequate, and current as of

April 1973. ,

Code numbers appearing in the lower right-hand corner on figures .are for pre-
paring agency identification only.

This volume is v'alued at 39 hours (13 points).
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CHAP TER 102 y3

Aircraft Batteries and Servicing Equipment
--,

I F A DIRECT current is passed through a lead
acid storage cell in a direction opposite to that

which it takes when the cell is discharging, which
of the following will happen?

a. Cell will be discharged.
b. Sulphuric acid will become less concen-

trated. -
c. Cell's electrical energy will be decreased.
d. Specific gravity of the cell will be in-

creased.
.1

-

2. About 70 percent of the basic electrical
course graduates-select the wrong answer when
asked the above question. What answer do you
consider correct? If you have not chosen "d"
you haite just increased the percentage of school
graduates who do not understand what happens
to the electrolyte during the charging and dis-
charging of a lead-acid battery.

3. In tech school you learned the theory of
battery operation, servicing, charging, repairing,
and testing. We will accept this theory, expand
upon it and in this chapter, present the knowl-
edge you need to actually perform these jobs.
The types of batteries we will discuss here are
the lead-acid, nickel-cadmium and silver-zinc
batteries.

1.. Lead-Acid Batteries
.

1-1. The lead-acid battery gets its name from
its construction. It has cells that contain lead
plates. The plates are immersed in an electrolyte
solution which contains sulphuric acid.

1.,2. The open-circuit voltage of a lead-acid
cellits voltage when there is no load on itis
approximately 2.2 volts. This voltage is the same
for every lead-acid cell, regardless of its plate
size. It,.,remains at this value until the cell is
practically dead, regardless of its state of dis-
charge. However, the area of the plates deter-
mines the length of time that the cell will deliver
its rated current.

1-3. During charge, electrical energy is con-
vened to chemical energy,. which is stored in the

---) 1

cell. During disCharge the chemical energy is

reconverterto electrical energy. The net result
is the same as if electricity were actually stored in"

the cell. In the 'charging process, current is

forced into the cell in a direction opposite to that
in. which it flows when the cell is discharging to a
circuit. .

1-4. The purpose of the aircraft storage bat-
tery is.to provide an emerAncy source of electri-
cal power. The service life of a battery depends
a great dtal upon the frequency and quality of
care' it is given. Batteries that .are abused or.
receive careless treatment and servicing,' gener-
ally have their service life ended prematurely. It 7
is your responsibility to know the correct mainte-
nance procedures and to provide., the service and
care necessary to maintain a serviceable battery.
Safety first always is the first lesson to learn
when ,working with batteries.

1-5. Safety. Forget safety just once in the bat-
tery shop and you can seriously hurt yourself or
your teammate as there are many safety hazards
of which you should be aware. The greatest' is
the gulphuric acid used in the electrolyte.

1-6. Sulphuric acid. Sulphuric acid can cause
painful burns if it contacts your hands or other
parts of your body. Get it in your eyes and it
can blind you. Whenever youare handling or
mixing electrolyte, be very careful; wear goggles
or a face shield, a rubber apron, rubber acid-
proof gloves, and rubber boots. If you should
accidentally spill or splash some electrolyte on
you, you can neutralize it by flushing with large
quantities of fresh watef or a solution of bicar-
bonate of soda (baking soda) in water. You
shoUld always have a quantity of this solution
mixed and available when you are servicing lead-
acid batteries. OBTAIN MEDICAL ATTEN-
TION AT ONCE.

1-7. A fresh water supply can be provided in
Many forms. It can be just a hose connected to
a water tap or, in a large battery igbp, a deluge
shower and eyeawash. If you ever have to use
the deluge shower, remember speed is what

I
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....- counts; don't waste time taking off your clothes.-
The faster you get under the shower and wash
away and neutralize the electrolyte, the less you
may be burned. If you have a deluge shower
and eye wash located in your shop, do you know
how they work? Better yet, do they work? Can
you get- to the deluge shower and eye wash with-
out tripping over batteries or servicing equip-
ment? Can you get to them with your eyes
'closegl? If you answer "no" to any of these
questions, a safety hazard exists and needs your
attention.

1-8. Hydrogen gas. Hydrogen gas is another
hazard to safety in the lead-acid battery shop.
It is produced by the charging batteries, and is a
colorless, odorless, highly flammable gas. You'll
never know it's there until it's too late. Take
every precaution to elhninate,,sparks in this area.
It only takes one spark to ignite, hydrogen gas
and put you out of tili)ob. Here are a few pre-
cautions:

a. Turn off the charging units before connect-
ing or disconnecting a battery to a charger.

b. Don't smoke. If someone enters the shop
with a lit cigarette, tell him to put it out and then
tell him why.
. c. Remove all jewelry while working. Get a
ring or a watch band shorted across a battery
and the sparks will fly.

The battery shop has many safety hazards. It is
up to you to recognize them and to take positive

1
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preventive action so that foolish accidents don't
hinder your operation.

1-9. Shop Operation. In the following para-
graphs, we will consider general information and
commOn jobs of the battery shop technician. We
will not go into the location 'and facilities because
lead-acid battery shops range from plush, air
conditioned ' buildings to two-by-four shacks in
baciv of hangars. They are equipped to handle
from one to hundreds of batteries at a time. But,
regardless of shop location or the number of bat-
teries that can be serviced, the servicing proce-
dures remain the same. Detailed information for
servicing lead-acid batteries and detailed shop
procedures is found in the applicable T9's. In
the following paragraphs, we will discuseonly the
general information that pertains to all batteries.

1-10. Battery ratings? The voltage of a bat-
tery is determined by the number of cells that it
has connected in series. Although the open-cir-
cuit voltage of a lead-acid cell is approximately
2.2 volts, the cell is normally rated at only 2
volts because it drops to that value under load.
A battery rated at 12 volts consists of 6 lead-acid
cells, connectei in series, apd a battery rated at
24 volts has 12 cells,

.

1-11. Storage battery capacity (size) is ex-
pressed in .terms of ampere-hours. This rating
indicates how long the battery May be used at .a
given rate before it becomes discharged. Theoret-
ically, a 100 ampere-hour battery furnishes 100
amperes for 1 hour, 50 amperes for 2 hours, or
20 amperes for 5 hours. Actually, the ampere-
hour output of a particular battery depends upon
the rate at which it is discharged. Heavy dis-
charge currents tend to heat the battery and de-
crease its ampere-hour output. For aircraft bat-
teries, a period of 5 hours has been established as
the discharge time in rating battery capacity.
However, this period of 5 hours is only a basis
'for rating and does not necessarily mean the
length of time during which the bhttery is ex-
pected to furnish current. The efficiency and the
ampere-hour output are greatly reduced when
the battery is discharged at a high rate. Under
actual service conditions the battery can be, com-
pletely discharged within a few minutes, or it
may never be discharged if the ienerator pro-
vides sufficient charge.

1-12. The ampere-hour capacity of a cell de-
pends upon its total effective plate area. Thus,
connecting a number of positive and negative
plates within a cell increases the total effective
plate area and the capacity of the cell. Connect-
ing cells in parallel increases the total ampere-
hour capacity. In aircraft using more than one
battery, the batteries are usually connected in
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parallel. The total voltage is equal. to that of one
battery, but the ampere-hour capacity is increased;
total capacity is the sum of the ampere-hour rat-
ings of the individual batteries.

1-13. Electrolyte. The electrolyte used in lead-
acid batteries is a mixture of sulphuric acid and
water. The specific gravity of such a mixture
ranges from 1.275 to 1.300. The specific gravity
of a liquid is its comparative weight with re-
spect to an equal volume of water. Water has a
specific gravity of 1,000; therefore, an electro-
lyte mixture of 1.275 is 1.275 times as heavy as
watcr.

1-14. Electrolyte for lead-acid storige bader-
ies, issued by the Air korce, is a 1.400 specific
gravity solution of sulphuric acid and waier.
Concentrated commercial grade sulphuric acid
has a specific gravity of 1.835. Either the 1.400
or 1.835 specific gravity sulphuric acid must be
mixed with distilled or drinking water to lower it
to the proper specific gravity for filling batteries,
1.275 to 1.300.

1-15. If you ever have to mix electrolyte, be
very careful and remember to wear the protec-
tive clothing provided. When you mix the acid
with the water, heat is generated chemically. Did
you ever see someone pour water into a hot
frying pan? What was the result? If you pour
water into the sulphuric acid it would splatter the
same way. This is why you must always pour the
sulphuric acid' into the water, and do so very.
slowly. The mixing container for the electrolyte
should be glass, earthenware, lead-lined wood, or
a similar container that is resistant to the action
of the sulphuric acid. It must also withstand the
heat generated during the mixing period.

1-16. State of charge. The state of charge of a
lead-acid battery is determined by measuring the
specific gravity of the electrolyte with a hydrom-
eter. Remember, the electrolyte is a mixture of
water and sulphuric acid with a specific gravity
of 1.275 to 1.300. As the battery discharges,
the sulphuric acid is absorbed from the electro-
lyte. Now look back at the introductory test
question as seen in the correct answer "d", when
the battery is being charged, the charging current
forces the sulphuric acid out of the plates and
the specific gravity of the electrolyte increases.
In reality, the hydrometer measures the amount
of sulphuric acid in the electrolyte, and indicates
the amount as a specific gravity reading. From
this reading you can determine the state of
charge.

1-17. The type of hydrometer that you will
probably be using is the temperature-correcting
hydrometer shown in figure 1. The depth to
which the hydrometer bulb sinks into the electro-
lyte sample is determined by the density of the
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electrolyte. The scale value indicated at the level
of the electrolyte on the hydrometer is the spe-
cific gravity. When a hydrometer is in use, the
float should float upright in the enclosed tube.
If the float leans against the sides of the tube, an
inaccurate reading will result. Extract only
enough electrolyte from the cell to cause the float
to rise. If too much electrolyte is removed,
the float will hit the top and a lower than
actual specific gravity feading will be indicated.
A new fully charged battery should have a
specific gravity reading of 1.275 to 1.300. A

Figure 1. Temperature correcting hydrometer.
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specific gravity reading between 1.275 and 1.300
indicates a high state_of charge; from 1.240 to
1.275, a medium state of charge; and below
1.240, a low state of charge. Batteries must be
recharged if their specific gravity is below 1.240.

1-1.8. You should remember th,at the concen-
tration of the electrolyte alone is no) the cause of
the particular state of charge of a cell. Sulphuric
acid could be added or the electrolyte entirely

replaced in a discharged battery, but the plates
would remain in their discharged condition. The
specific gravity test is only reliable if nothing
has been added to the, electrolyte except occa-
sional small amounts of distilled water to replace
that water lost due to normal evaporation.

1-19. You should plaice the hydrometer test
before adding any wfiter to the electrolyte in a
cell. This precaution is necessary because the

TABLE 1
TEMPERATURE.CORRECTION TABLE

Electrolyte

Temperature Fo.

Correction

Points Action

14o

130

120

11 0

1 00

90

24

20

16

12

8

4

Add to the

hydrometer

80 0

70

60

50

40

30

20

1 0

0

-1 0

-20

-30

4

8

1 2

16

20

28

32

36

40

44

Subtract from
hydrometer
reading

4

2 5



water is lighter than the electrolyte and will tend
to float on top of the electrolyte in the cell.
Therefore, if you make a hydrometer test im-
Mediately after adding water, the hydrometer
syringe will suck up a sample which will not
give true indication of the electrolyte condition.
Appreciable time is required for the water to
mix with the electrolyte; to speed up the mixing

process the battery may be discharged and re-
charged.

1-20. Since temperature affects the density of

the electrolyte, you must always consider it when
you check the specific gravity of the electrolyte.
The temperature-correcting hydrometer, as shown
in figure I, includes a thermometer which indi-
cates the temperature of the electrolyte at the

same time you are checking its density. This
permits you to apply an immediate correction to
get a corrected specific gravity reading. The cor-
rection points are listed in table 1.

1-21. Look at table I. Note that 80° F. is
used as a reference point. For every 10° above

80° you add 4 points to the specific gravity read-
ing, while for every 10° below 80°, you subtract
4 points. What would the specific gravity reading
of a battery be if you took a reading and the
hydrometer indicated 1.250 and the temperature
was 50° F.? Look at the temperature correction
talfe. For 50° F. we would subtract what? 12

points is right. Your original reading of 1.250
minus 12 points now equals 1.238. This tells
you that the battery is in a low state of cbarge.
Remember we have already stated that a battery
witH a specific gravity reading below 1.240 is in

a low state of charge.
1-22. Servicing. Before you place a battery

on charge, you must do several things to it. The
first step is to clean the outside of the case and
the top of the battery cells with a small hose and
plenty of fresh water. Neutralize any acid on the
battery with a solution of bicarbonate of soda.
You should remove all corrosion by scraping or
brushing the surface clean with a nonmetallic
brush. Then remove all traces of acid fdm from
the connections or terminals, using a cloth that
has been dampened with a soda solution. After
this treatment, cover the metal surfaces with a
light film of pure vaseline to protect them from

future acid action. Why vaseline? Ordinary
greases contain an animal or vegetable fat which
is more corrosive than the battery electrolyte, but
vaseline does not corrode. the tops of the
cells with a sponge to pick 4Pany surplus mois-
ture. Always keep them dry because dampness
or dirt permits electric currents to leak away over
the surface between the terminals.

1-23. Remove the vent plugs and inspect the
electrolyte level. Ordinarily, the only loss in vol-
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ume of the electrolyte is from the loss of its

water. While some water is lost by evaporation,
most of the loss is due to the action of the charg-
ing current which decomposes the water, forming
gases which are given off through the vent plugs.
Acid is never lost from the battery by evapora-
tion or decomposition. Therefore, it should never
be necessary to add new electrolyte unless some
should get outside of the cell through careless-
ness. If the level of electrolyte is low, add dis-
tilled water to bring the level to approximately
three-eights of an inch above the protector on
top of the separators. You should use only water
which is free from impurities in storage batteries.
The presence of impurities in the battery causes
local actions that tend to discharge the surround-
ing area of the plate.

1-24. Add water with a self-leveling syringe
as shown in figure 2. Draw a supply of water
into the rubber bowl of the syringe; insert it into
the cell; then inject a little water into the cell by

Figure 2. Self-leveling synnge.
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squeezing the rubber ball. When you release the
pressure on the ball, the surplus fluid returns to
the ball. In order to establish the correct level
of electrolyte in the cell, there is a small hale
drilled through the stem of the syringe. When
the fluid level is lowered to the edge of the hole,
the return of fluid into the syringe stops and the
level of the electrolyte is correct.

1-25. While you are charging the batteries,
unscrew the vent caps and leave them in place
over the cell openings so that electrolyte gas and
spray does not form over the top of the cells.
Also, when the caps are in place, foreign ma-
terial does not fall into the cells.

1-26. Battery Charging Methods. You charge
a storage batten) by passing a direct current into
the battery in a direction opposite to that of the
discharge current. Because of the resistance
within the battery, the voltage of the charging
source must be greater than the open-circuit volt-
age of the battery. For example, the open-circuit
voltage of a fully charged, 12-cell, Iead-acid bat-
tery is approximately 26.4 volts (12 X 2.2
volts). Therefore, a minimum of approximately
28 volts is required to charge it. This larger
voltage offsets the voltage losses in the battery
due to internal resistance. You can charge bat-
teries by one of two metheids, the constant-cur-
rent method,or the constant potential method.

1-27. Constant-current method. In this method
of charging, the current is maintained at a pre-
determined value throughout the entire period of
charge. The recommended charging rate for air-
craft batteries is determined by the manufacturer.
TO 8D2-1--31, Operating and Service Instruc=
tions, Aircraft Storage Batteries and Venting
Systems, contains a table whith lists the charging
rates of most lead-acid batteries used by the Air
Force. The table lists the charging rates for new
batteries (initial charge), as well as for batteries
which have been in service and are in the shop
for normal charging.

1-28. There may be a time when you are
required to charge a battery which is not listed
in the TO. What charging rate should you use?
A general rule to use in a case like this is to
charge the battery at a rate which is 10 percent
of the ampere-hour capacity of the battery. For
an example if you had to charge a 44 ampere-
hour battery, you could charge it at 4.4 amps.
You should use this rule only when you cannot
find the battery listed in a TO.

1-29. Fortunately, it is not necessary to have
a separate charger for each battery undergoing
charge. Some constant-currept charging instal-
lations have a separate charging outlet for each
battery, as well as an entirely separate set of
manual controls. With this type of installation,

6
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you can adjust the individual charging rate of
each outlet to the requirement of the individual
battery. The most frequently used constant-cur-
rent charger in service today is the bulb type
charger. This unit can charge as few as 3 cells
(a 6-volt battery) at the minimum charging rate
required (1 ampere), or as many as 36 cells
(three 24-volt batteries) in series at the maximum
rate of 6 amperes at one time.

1-30. This charger requires little maintenance.
The most common malfunction that you will en-
counter is a burned out rectifier bulb. You can
replace the bulb very easily by following the
procedures in the applicable TO. A word of
caution: always disconnect the charger from the
power source before performing any mainte-
nance.

1-31. When you charge batteries by the con-
stant-current method, connect them in series, as
shown in figure 3. Connect the positive terminal
of one end battery to the positive terminal of the
charger; connect the negative terminal of the op-
posite end battery to the negative terminal of the
charger. After, you complete the connections,
plade the charger in operation and rotate the
manual adjustment until the ammeter gives a
charging indication. Batteries can be and have
been connected backwards. If this ever happens
to you, take this action: Discharge the battery at
a slow rate and recharge it correctly. The charg-
ing current is determined by the ampere-hour
capacity of the smallest capacity battery in the
string.

1-32. If you wire in series batteries of 11-
ampere-hour, 17-ampere-hour, and 34:ampere-
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b a, fhe 11-ampere-hour battery would
then .,e charging at its normal service charge
rate. However, the 17-ampere-hour and 34-
ampere-hour batteries would be charging at re-
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duced rates. This reduced rate would increase
their charging times considerably and decrease
the efficiency of the charging equipment. This
is why in most battery shops, it is a common
practice to place batteries of the same capacity
together in one charging string so that maximum
charging may be accomplished with the equip-

,
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Figure 4. Constant-current charging; batteries of different capacities connected in parallel
and in series.
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Figure S. Constant-potential charging.

ment available. When charging batteries of dif-
ferent capacities, you may connect two smaller

. capacity batteries having similar voltage and ca-
pacity in parallel, and then connect the charging
circuit in series with a larger capacity battery. A
setup of this type is shown in figure 4. You may
connect many different combinations of batteries
of various sizes in this manner to make more
efficient use of the charger.

1-33. You can figure the approximate charg-
ing time of a completely discharged battery by
dividing the ampere-hour capacity of the battery
by the charging rate. An example of this would
be a battery which has a 34 ampere-hour ca-
pacity and a charging rate of 2.5 amps. Dividing
34 by 2.5 would give you an approximate
charging time of 131/21:Burs.

1-34. Constant-potential method. In this method
of charging, you maintain the voltage at a
'predetermined value throughout the entire pe-
riod of charge. The recommended charging
rate is 14 volts for 12-volt batteries, and 28
volts for 24-volt batteries. The charging source
can be a motor-driven generator, a dc generator
test stand, or a rectifier. Connect the batteries
to be charged in parallel to the charging source,
as illustrated in figure 5. Each battery auto-
matically draws a current according to its state
of charge and its ampere-hour capacity. The
charging rate at the start of charge is somewhat
higher than normal, but the rate decreases
gradually as the battery becomes charged.

1-35. Most constant-potential chargers in use
today provide only a 28-volt chargng source.
With this in mind, how do you charge 12-volt
batteries? To do this you connect two 12-volt
batteries of the same ampere-hour rating in series,
and then connect the series string in parallel with
the source.

8

1-36. Attention during chargi. You must in-
spect batteries undergoing charge at certain time
intervAs. You should take specific gravity read-
ings of the positixe-end cell of each battery. Take
ths.first specific gravity reading after 4 hours
of TharOng, and then every 2 hours. Keep a
record of these readings. When two successive
readings show no increase in the specific gravity,
remove the battery from the- charging line, as it
has reached its maximum state of charge. Re-
member, as we stated previously, you must check
all readings for temperature corrections.

1-37. As a battery chgrges, gas bubbles rise
tolhe surface of the electrolyte. This is a normal
condition. But what is happening when the elec-
trolyte appears to be boiling violently? Either
you have charged the battery too long, or charged
it at an excessively high rate. What should you
do? If the battery is fully charged, remove it.
If the charging rate is too high, reduce it.

1-38. The temperature of a charging battery,
which you obtain by a thermometer reading of
the electrolyte, should not be much greater than
the surrounding air temperature. If you don't
have a thermometer, feel the battery case. If it is
uncomfortably warm, it is too hot. Reduce the
charging rate and the battery will cool. High
temperatures shorten the life of the battery, so
check the temperature regularly.

1-39. Adjusting specific gravity. Unless elec-
trolyte is actually lost through spilling or leaking,
or acid has been added, the full charge specific
gravity of the electrolyte does not require ad-
justing during the life of the battery. Electrolyte
decreases very lite% with age. Adjust it only if
continued charOnV results in readings below
1.260 or above 1.310. Before adjusting the spe-
cific gravity, charge the battery at the normal
rate until the specific gravity shows no further
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rise with all cells gassing. Do not adjust the
specific graviv of a cell if there is ng gassing.

1-40. A low specific gravity reisling means
that you need to replace the electrolyte with a
stronger solution. You need to adjust it upwards.
To do this, withdraw some of the electrolyte from
the cell and replace it immediately with electro-

\

lyte of a higher smcific gravity. Continue the
charge until all celE have been gassing for one-
hour, then check the specific gravity of the cells.
If it does not check between 1.275 and 1.300,
repeat the adjustment.

1-41. When the specific gravity reading is
higher than 1.300, how do you adjust it down-

.."
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Figthe 6. Capacity tester.
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ward? Common sense tells you to reverse the'
procedure for adjusting the electrolyte upwards,,,
and you would be right. Withdraw some elec-
trolyte and replace it with water. Charge the
battery at a normal rate until all cells have been
gassing for one hour. Check the specific gravity.
If it is not between 1.275 and 1.300, repeat' the
adjustment.

1-42. 4pacity Testiq. The, capacity test is a
bench check to measure the terminal voltage Of
a lead-acid battery while it is under load, and
to determine the battery's internal condition and
state of wear. The raults of the tat determine
whether the battery is worn out or has sufficient
useful life to warrant its return to active service.
Beiore performing the capacity test, fully charge
the battery and then overcharge it for 2 hours.
After checking to aisure that the specific gravity
of all cells is correct and within limits, allow the
battery to stand for 12 hours.

1-43. The tester, as shown in figure 6, con-
sists of two battery test leads which are bridged
by an adjustable nichrome resistor. The tester
also contains an ammeter, voltmeter, and a clock.
After you have connected the load and voltmeter
leads to the battery terminals, adjust the variable
resistor to correspond to the capacity of the bat-
tery you are testing. As soon as you actuate the
battery test switch on the tester, the battery de-
livers current and the recording clock records the
time. You find the capacity testing information
in TO 8D2-1-31. It is part of the same table
you will use to determine the charging rates.
Therefore, you must have a copy of the TO in the
shops Included in the table is the time, in min-
utes, that the battery is expected to deliver a
certain amount of current (discharge rate). At
the end of this time, the voltage must be equal
to or above the voltage shown in the End Voltage
eolumn of the table. When testing a battery, you
musi carefully ob.sept the voltmeter and the
clock. When the clock reaches the iime listed in
the Discharge Time colutmi of the table, the volt-
age should be equal to or above that listed in the
End Voltage column of the table for the battery
to have passed the test satisfactorily.

1-44. When you have tested the battery, and
have found it suitable for further service, tag it
and mark it "CAPACITY TEST OK." A record
to indicate that a battery has been capacity tested
and the date of the test is stamped on the battery
case in a plat'e where it will be plainly visible
when the battery is ittstalled in an aircraft. The
camity test is performed every 120 dayl and
each new test date is recorded on the battery
directly underneath markings or previous dates.
After the battery has been marked, it is re-
chargedand placed into service.

1-45. Batteries that do not pass the capacity
test are no longer fit for service in an aircraft.
These batteries are either condemned or painted
bright yellow and stenciled with black letteit
"DO NOT INSTALL IN ANY AIRCRAFT--
FOR GROUND USE ONLY." These batteries

. may then be used on testing devices, battery
carts, or other equipment. They should not be
used in ground power equipment, because ground
power equipment requires the same high stand-
ards in batteries as do aircraft. A battery is used
to start a piece of ground power equipment. If
a battery isn't capable of supplying emergency
power for an aircraft, it will never supply enough
power to start a ground power unit.

1-46. Maintenance. You now know how to
service, charge, and test a lead-acid battery. The
easiest part of the whole. section follows. What
should you do with a defective or unserviceable
battery? If you have carefully studied the pre-
ceding paragraphs, you know the answer. We
discussed this in the capacity testing section.
Batteries that fail the capacity test are generally
condemned. You can be sure of _one thing, if

one ell is found defectiVe ir a lead-acid bat-
,

dry, the other cells are not farjfroin being in the
same condition. It is a was .of time and ma-
terial trying to replace detive cells. True,
some TO's give detailed instni ons on how to
replace cells and components, but they fail to
say how many repairmen like yourself were suc-
cessfql in doing it.

1-47. As far as you are concerned, there is no
repair made to the lead-acid battery. At/ this
point, our discussion changes to the nickel-
cadmium and silver-zinc batteries. They can be
repaired by guys,like you and me.

2. Nickel-Cadmium Batter*
2-1. The nickel-cadmium battery is the first of

the two alkaline batteries that we will discuss; the
other is the silver-zinc battery. The alkaline bat-
teries receive their name from the materials that
are used in the construction of the plates. Nickel-
cadmium batteries have the following major ad-
vantages over the other commonly used batteries:
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Subparagraph a. deleted.

b. They maintain a relatively steady voltage,
even when they are being discharged at

high currents.
c. They are not permanently damaged if

they are, overcharged, overdischarged, or

charged in the wrong direction.
d. They can stand idle in any state of charge

for an indefinite time.
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e. They retain their charge if they are stored
in a charged copdition for prolonged peri-
ods.

j. They are not damaged by freeimg.
g. They are not subject to failure by vibration

or severe jolting. .

it; They do not, usually give off corrosive
fumes.

i. They are made up of individu ally replace-
able cells:

Even with all of these advantages, the nickel-
cadmium batteiy presents hazards to safety.
Theiefore, we will discuss safety first.

2-2. Safety. Many of the same hazards to
safety that were discussed in the lead-acid battery,
section also apply when servicing nickel-cadmium
hatteries.' In addition, the electrolyte used in
nickel-cadmium batteries contains potassium hy-
droxide, which is a 'very strong alkaline. Like
sulphuric acid, potassium hydroxide can cause
serious burns if it contacts your'skin. When han-
dling atis electrblyte, you should wear protective
clothing, such as an alkaliproof apron, alkaliproof
rubber gloves, face mask or goggles, and rubber
boots. Sounds like a repeat of the lead-acid
battery section, doesn't it?-

2-3. The following proc'edures are recom-
mended if you :should accidentally splash some
electrolyte on yourself:

(1) Internal. Take large quantities of water
and a wea-lad solution such as vinegar, lemoq
juice, orange juice, followed by either the white--
of an egg, olive oil, starch water, mineral oil, or
melted. butter. OBTAIN..MEDICAL ATTEW-
TION AT ONCE.

(2) External. To treat the ;skin, wash the af-
fected area with large quantities of water.
Neutralize With,,vinegar, lemon juice, or a 5 per-
cent boric acid- solution, and wash with, water.
If you get it in.your eyes, wash with clear water
or, using an eye cup, wash with a weak solution
of boric acid or vinegar and Water. Then repeat
with clear water. OBTAIN MEDICAL ATTEN-
TION AT ONCE.

'2-4. As you see, there are many things you
-can use to neutralize potassium hydroxide. True,
you, may not have all of these items in your
shop, but you should have the boric acid. As in
the lead-acid battery shop, you should have run-
ning water available, such as a hose, deluge
shower; and eye wash. The faster you can dilute
any elecyolyte splashed on you, the better off
you are'.

2-5. Nickel-cadmium battery shopi will be
mechanically 'ventilated to provide 3 to 4 air
changes per hour. Adequate ventilation insures

11

the removal of any hydrogen gas generated as a
result of charging. Smoking and other ignition
sources will be prohibited in -the battery shop,
because the hydrogen gas generated by nickel-
cadmium batteries is explosive. Remember, you
should remove all jewelry whenever you work
around any electrical equipment, whether in
the shop or on the flight line.

2-6. What do you think would happen if you
accidently got some sulphuric acid electrolyte into .
a nickeLcadmcieup. battery? This situation has oc-

.

0.26-2

curred and a dents have resulted. 11.,some sul-
phuric acid electroly,te gets into nickel-cadmium
batteries and they are connected to a charging
source, they can blow up. Why?

2-7. ,Without going into the chemical formulas',.
we mill explain how this happens. When the acid
is mixed whh the alkaline, they tend to neutralize
each other.._' Theoretically, if this happened i0e
woulthend up with water. When the battery is
connecoted to*a charging source, the water acts as
a' short circuit in-the battery, thereby resulting in
a high current flow through the battery.

The high current flow causes ex-
cessive heat and the battery explodes. You, 6an
prevent afcidents like this from happe 'fling by:

Isolating alkaline batteries from lead-acid
batteries.

26i
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Figure 7. Typical 'discharge voltage curve.

Not using the same tools on lead-acid bat-
.

teries that you use on Alkaline batteries.

Only you can prevent accidents from happening
by khowing the hazards to safety that exist, and
correcting them before you or someond else gets
hurt. You must be safety conscious at all times.

2-8. Shop Operation. In the fOlowing para-
graphs are common jobs that ydu will perform
while working in a nickel-cadmium battery shop.
Detailed information for servicing nickel-cad-
mium batteries and detailed shop procedures are
in the applicable TO's. We discuss here general
information that pertains to all nickel-cadmium
batteries.

2-9. Electrolyte. The electrolyte is a 30 per-
cent (by weight) solution of potaSsiurn hydroxide
in distilled water. Generally nickel-cadmium
batteries contain the proper electr lyte ithen re-
ceived. There may be times howeve when you
will be required to mix el trolyt Remember
the rule for mizi e ectrol I for lead-acid
batteries. The same le appli here. You pour
the potassium hydroxi. the water. Heat is
generated, so you must use the proper ,type con-
tainer, such as was used with sulphuric acid. You
cannot use any container that previously 'had
sulphuric acid in it,because V acid contamina-
tion.

2-10. The proper level of the electrolyte in a
nickel-cadmium battery is 1/2 inch above the top
of the plates. During battery operation, some
water may be lost due to normal gagsing, vent-
ing, or overcharging. You can replace this loss
with pure distilled water. If you add water to a
bdttery, it must be discharged and recharged;
this insures that the water mixes with the electrols
lyte in the cell.

d1/43

2-11. State of charge. The state of charge of
nickel-cadmium batteries cannot be determined
by the battpry voltage or by the specific gravity
of the electrolyte. The normal-open-circuit volt-

age of a nickel-cadmium cell is 1.3 volts. To
illustrate the fact that voltage does not show the
state of charge, figure 7 shows a typical discharge
voltage curve against the state of charge of the
battery. A reading of about 24 volts means that
the battery may be completely charged (point4.1

on the curve) or almost completely discharged
(point 2 on the curve). The state of charge
cannot be determined by the specificgravityt of
the electrolyte, because the electrolyte is not

changed by the chemical re.action that occurs in
the batteries. The specific gravity is almost the
same whether the batteries are charged or dis-
charged.

2-12. A nickel-cadmium battery is at zero state
of charge when it has been discharged to zero
volts, and at a full charge when it has been
charged by constant current. At any other time,
the state of charge cannot be determined except
by discharging and measuring the amount of dis-
charge to the cutoff voltage. It cannot be deter-
inined by the specific gravity of the electrolyte
since it dots not change dAring battery charge

or discharge.

2-13. Servicing. Before placing a nickel-cad-
mium battery on charge, you should check the
case and cell for cracks, warpage, and electrolyte
leakage. If you find a crgked or warped cell,
replace it. If overcharging has occurred, gassing
and bubbling of the _electrolyte through the vents
cause the formation of a white substance on top
of the cells. This is nothing more than harmless
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potassium carbonate, which you can easily re-
move with a stiff dry brush or by washing with
water.

2-14. Mter you have clehned the battery, in-
spect the terminals and cell connector _bolts.
Tighten thena to the proper torque values listed
in the applicable tech order. Do not subject the
metal components of the'nickel-cadmium battery
to painting or the application of any adticorro§ion
compound. ,

2-15. Constant-Current Charging. Nickel-cad-
mium batteries are to be charged by the constant-
current method only, and never while in parallel.
Although this battery can be operated in any,
position, it must be charged in the upright posi-

tion to prevent loss of electrolyte. Vent caps
should be loose and in place during charge.

,

0

2-16. Constant-potential charging. Always
connect the battery to be charged to an au-
thorized battery-charger ana.lyzer as specified in

' TO 8D2-3-1. Charge the battery as directed by
".the operating instructions outlined in the , appro-

priate TO for the charger analyzer.

2-17. During charge, occasionally check the
battery temperature. If the battery case begins to
heat excessively (uncomfortable to touch), it

may be necessary to add distilled water to the
affected cells. Add water only until the electrolyte
is visible above the baffle plate. Remember, you
must always follow detailed procedures of the ap-
plicable TO.

\-

(..

Paragraph 2-18 deleted.
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Figure 9. Charger/analyzer.
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Figure 10. Charger/analyzer charging curve.

If you charge a nickel-cadmium battery by the
constant-current Method, you must consult the
TO for the Correct charging current and time.

2-19. Charger/analyzer. The charger/analyzer
provides an automatic means of servicing the
nickel-cadmium batteries. Figure 9 shows just
one of many different types used by the Air
Force. The front control panel of the unit con-
tains the selector switches for the types of bat-
teries it can service. It also contains voltmeters,
ammeters, timers, and connections for the bat-
teries to be serviced. Inside the cabinet is the
secret of operation. This is where the trans-
forrner-rectifiers and the voltage and current-
control relays are located. Northally, you do not
perform any maintenance on this unit, but if a
malfunction does occur, refer to the applicable
TO for repair procedures. The unit shown serves
thr4 functions: sharger, discharger, and ana-
lyzer. We will discuss each section individual41.

2-20. a. Charger section. The charger scction
uses both the constant-current and constant:po-
tential methods of charging. Just how is this
-accomplished? During the initial charge the cur-

423,50-2-1-10

rent entering the battery is limited to a constant
current. This is accomplished , by the .use of
timers and current control relays. After a pre-
determined .time an automatic and periodic
sampling of the charging current is taken. When .
the charging current drops to a predetermined
value, the charger reverts to the constant-
potential method of charging. You can see this
by looking at the charger/analyzer charging curve
that is shown in figure 10. For example, we will
use a constant current 'of approximately 10 amps
to start. After a predetermined period of time,
at point A on the curve, a 2-second sample of
the charging current is taken. This is shown by
the current surge lines. Actually what happens
is that the current limiting control relays drop out

metho for 2 seconds. Remember, when bat-
ik,and charger reverts to the constant-potential

teries are charged by the constant-potential
method, the amount of chareing current is regu-
lated by the state of charge of the battery. There-
fore, if the battery is not charged, there is a
sudden high current draw, but only for 2 seconds.
Relays in the unit sense the ,high current draw
and the unit reverts back to the constant-current
method of charging. As the battery accepts a
charge, the high current draw decreases, until we
rcach point B on the curve. At this point, the
unit automatically reverts to a constant potential
of 28.5 volts and contin1es to charge until the
battery reaches its full ra of charge. The com-

14



plete charging cycle takes approximately 2 hours.
The charger/analyzer can charge up to four bat-
teries at one time. Q

_

2-21. b. Discharger section. The discharger
section serves almost the same function as the
capacity test 'discussed in the lead-acid battery
section. It places the -nickel-cadmium battery
under a predetermined electrical load for a set'
period of time to measure its terminal voltage.
After you have connected a battery to the dis-
charger section and positioned the correct
switches, the test is performed automatically. If
the battery voltage does not drop below 19 volts
within the .2-hour limit, a "DISCHARGE AC-
CEPT" lamp illuminates and further discharge
stops. If the voltage drops below.19 volts be-
fore the 2-hour limit is up, discharge stops and
a "DISCHARGE FAIL" lamp illuminates. If a
battery fails the discharge test, each cell must be
checked with a voltmeter to determine the de-
fective cells. The discharger section can check
only one battery at a time. However, it can be
used while batteries are connected to the charg
section. After a battery has been tested it m
be recharged. ,

2-22. c. . Analyzer section. When you con-
nect a battery to the analyzer section, it goes
through the complete cycle of charging, discharge
testing, and recharging automatically. The com-
plete ,operation takes 6 hours. buring this time
you cannot use the other sections of the unit, as

. they vre now controlled by the analizer section
control switches. If at any time a battery fails to
meet the requirements of any one cycle, the unit
stops and a warning light illuminates to indicate
which cycle failed, such as "CHARGE FAIL"
or "DISCHARGE FAIL". When a battery com-
pletes all cycles satisfactorily; a `,13ATTERY
GO" light illuminates and the battery is ready
to be placed into service. If a battery fails to
meet the requirements, you must determine the
,malfunction, which is generally defective cells.

2-23. Maintenance. Do you know how to use
a torque wrench? If not, now is the time to learn.
You can't perform any repair work on the nickel-
cadmium battery without using a torque wrench.
Even the preservicing, before placing the battery
on charge, requires that you check .the torque
for the cell .connector bolts. You will find the
torque vattie in the applicable TO. Why torque
the bolts? It goes all the way back to the funda-
mentals, you learned ,about voltage, current, and
resistance. A loose cell connector bolt causes

-high resistance and, as you know, high resistanc
causes low current flow. Therefore, the batt
would not put out its rated current and w uld
not accept a charge. This is why it is impotant

, that you torque all bolts properly.

2-24. As we said earlier in this section, the
nickel-cadmium battery is composed of replace-
able cells. When one cell goes bad, you replace

just that cell. Before you attempt to replace a
cell, you must completely discharge the battery.
To completely discharge the battery, connect it
to a load bank until the cell voltage drops to .9
of a volt. Then place a jumper wire across each
cell. The jumper wire can be just a few turns
of heavy safety wire. After you install the
jumper wires, allow the battery to set`for 8 hours.
As the battery discharges, it produces heat which
expands the cells. Therefore, you must allow
the battery to cool before you try to remove any
cells. Cell remoNol is quite easy if you follow
the instruction outlined in the TO. Some bat-
teries require that you remove a key cell before
you can remove any other cells; this varies with
each type of battery. So, make it easy for your-
self(and check the TO. .c.

2-25. When installing a new'cell, be sure that
it is completely discharged. The easy way to get

new cell to slide into place is to put a thin coat
-of vaseline on the sides of the cell. After you
have the cell installed, remember that you must
torque the connecting bolts.

2-26. The largest part of the repair work that
you will be doing is replacing defective compo-
nents. There is no repair made to a defective

cell; it is condemned the same as a lead-acid

battery. This is also true in the maintenance
and repair of the silver-Anc battery which we
will now discuss.
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3. Silver-Zinc Batteries
3-1. The silver-zinc battery has many of the

artie advantages as the nickel-cadmium battery.
We must also say that there are a few excep-
tions or disadvantages as compared to the nickel-
cadmium or even the lead-acid. The greatest
advantages that the silver-zinc battery has over
the other two are its size and its capacity ratio.
The silver-zinc is approximately half the size of
the other batteries but it has an ampere-hour
capacity rating of double that of the other bat-

teries.
3-2. The use of the silver-zinc battery is very

limited. It was designed for use in aircraft as
an emergency source vf direct current and not
for the operation of electrical equipment while the

aircraft is on the ground. The battery is very
sensitive to excess yoltage and high current. Be-

cause of this, the aircraft's dc system must be
accurately adjusted to limit the:voltage at the
battery terminal to 28 volts maximum. Along

the same line, the battery must be checked for
its state of charge before the aircraft engines are



TESTING BATTERY CELL VOLTAGE

Figure 11. Testing battery cell voltage.

started. If the state of charge is low and the
battery is connected to the aircraft buses, the
high current_trying to charge the. battery will be
just as destructive as high voltage. For these same
reasons, the battery should never be connected to
the aircraft bus if external power is applied.

3-3. Safety. The hazards to safety that exist
with the silver-zinc battery are the same as those

that were discussed in the nickel-cadmium sec-
tion. Your knowledge of these hazards is the
only way that you can prevent accidents from

happening.
3-4. The silver-zinc battery, like the nickel-

cadmium battery, uses potassium hydroxide in the

electrolyte. Therefore, the same type protective
clothing and neutralizjng agents can be used. Re-
member, the greatest hazard to safety is acid
contamination. Be aware of it at all times; get
careless just once, and you may not have a second

chance. .

3-5. ShoP Operation. The silver-zinc battery
shop should look more like a laboratory than a
battery shop. It should be air-conditioned because
eqtrolled temperature is necessary for proper
battery servicing. Cleanliness is a must. As with
the nickel-cadmium shop, the silver-zinc shop
must be totally isolated from the lead-acid bat-
teries to sprevent acid contamination. You can
find detailed information, for servicing batteries
and detailed shop procedures in the applicable
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TO. We will discuss here some general jobs
and information that pertains to all silver-

zinc
,

batteries. (

3-6. Electrolyte. The electrolyte for the silver-
zinc battery comes premixed with each new
battery you receive. This eliminates mixing

electrolyte. You still must use caution while
handling the electrolyte thoug1i, because it con-
tains potassium hydroxide.

3-7. Unlike the lead-acid and the nickel-
cadmium batteries which are filled with elec-
trolyte to a specifed level, each cell of the silver-
zinc battery is filled with a measured amount of
electrolyte. Once a cell has been filled it does
iwt require the addition of water or electrolyte
at any time during its use.

3-8. Another exception is that after you have
'serviced the silver-zinc battery with electrolyte,
you must allow it to stand for 72 hours before
taking any further action. This is known as the
soaking period. As you remember, lead-acid and
nickel-cadmium batteries could be placed on

charge immediately after 'being serviced with
'electrolyte.

3-9. State of charge. So far, we have discussed
two different batteries, the lead-acid and nickel-
cadmium, each having way to de-
termine the state of ch rge. Do you remember
what they are? You determine the state of charge
of the lead-acid by the specific gravity, of the

2c t;
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electrolyte, and the nickel-cadmium by the
amount of current the battery draws when con-
nected to a constant-potential charging bus. Now
we have a third way to determine the state of
charge. .

310. The state of charge of the silver-zinc bat-
tery is determined by measuring the open-circuit
voltage across each cell. You do this by using
the b,itery tester, RAC777-1, as shown in fig-
ure 11, or by using a voltmeter which reads ac-
curately to .01 of a volt. A voltage reading of
1.82 volts or higher for each cell indicates that
the battery is 70 to 100 percent of its rated ca-
pacity. A voltage reading below 1.82 volts is

less than an acceptable state of charge. This re-
quires that the battery be serviced.

311. Servicing. You must service and charge
the silver-zinc battery in strict accordance with the
manufacturer's instructions and technical ordeis.
You cannot expect a normal service life un-
less they are followed carefully. At the present
time, the normal service life of a silver-zinc bat-
tery is approximately 15 months. In fact, the
battery must not be allowed to exceed 15 months
of age from activation date. This time begins
when the battery is first serviced with electrolyte
and can end prematurely with improper care and
servicing. The proper care and servicing is part
of your job.

3-12. Before you place a new or used battery
on charge, you should inspect the top of thc
battery for corrosion and damaged cells. Re-
move any corrosion by wiping clean with a damp
cloth. When you have the battery clean, check
the tightness of the nuts on the intercell con-
nectors. If any are found loose, tighten them;
but before you tighten them, be sure to check the
TO. With the TO as a guide, you must torque
all nuts with the torque wrench. After you have
cleaned the battery and checked all nuts for the
proper torque, you are now ready to charge the
battery.

3-13. Charging Methodg. This is another area
where the silver-zinc battery is quite different
from the lead-acid or nickel-cadmium batteries.
The silver-zinc battery goes through a charging
process which is called formation charging. This
is a process of charging and discharging the silver-
zinc battery in a controlled sequence to condition
the internal elements of the battery. This con-
ditioning enables it to deliver its maximuin rated
capacity.

3-14. Just what does this mean to you? The
key words are "to condition." Look at it this
way. For some reason or other, you ate required
to do 45 dpushups. You know you can't do this
many pushups at one time without practice, but

you can condition yourself to be able to. To do
this, today do 5 pushups, and each day thereafter
do 5 more than the day before. On the 9th day
you would be able to do the required 45 pushups
This would be your rated capacity. We could
apply this same idea to the conditioning of a
silver-zinc battery. A predetermincd amount of
current or charge is placed in the battery. After
we put the charge into the battery, we take it
back out or discharge the battery. Then we start
all over again and this time we increase the
charge. This process continues until we reach
the rated capacity of the battery.

3-15. It may sound like an easy job to charge
a silver-zinc battery. Don't believe it. All the
time that you are servicing the battery, you must
closely check and record the charging current,
battery voltage, and battery temperature.

3-16. A special form AFTO Form 71, Shop
Processing Formation Worksheet, is provided for
the purpose of recording all actions taken during
the servicing, formation charging, and service life
of the battery. This form is very important to
you, especially when someone else is working in
the battery shop with you. By reviewing the
entries on the form, you can determine what ac-
tions have been taken and what remains to be
done. Including the soaking period, and depend-
ing upon the number of formation charging cycles
you have to perform to reach the rated capacity,
it can take up to 12 days to service a silver-zinc
battery. You can find detailed instructions for
the completion of the form in the TO on silver-
zinc batteries. Like the lead-acid and nickel-
cadmium batteries, the silver-zinc batteries can
be charged by both the constant-current and con-
stant-potential methods.

3-17. Constant current. The constant-current
method is the recommended way of charging the
silver-zinc battery. The silver-zinc battery
charger, shown in figure 12, provides the best
charging source. It incorporates all of the volt-
meters and ammeters that are required to moni-
tor the charging. This charger has a built-in load
bank used for discharging the battery. There are
many different types of chargers in use today,
so consult the applicable TO for the correct opera-
tion of the one you use.

3-18. Constant potential. In an emergency,
you may use a constant-potential source. The
input voltage must be closely_ monitored so as
not to exceed 28 volt?: and the current must be
controlled to limit the initial ciirrent surge to 50
amperes or less. A higher current will damage
the cells.

3-19. Maintenance. As with the nickel-cad-
mium battery, maintenance of the silver-zinc bat-
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BATTERY CHARGING

USE ADAPTER IN BATTERY CHARGING

BATTERY DISCHARGING

Figure 12. "Silver-zinc battery charger.

tery consists mainly of replacing defective cells.
You find detailed instructions for cell replace-
ments in the applicable TO. Another exception
of the silver-zinc battery is that when the battery
has reached the end of its service life as pre-

18
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scribed by the TO, all cells 'are replaced. This
is why a record must be kept from the time the
battery is -.first serviced and put into use. The

defective cells are condemned the same as the

nickel-cadmium cells.

*



CHAPTER 2 4266

Power Systems Test Equipment

AIRCRAFT must be kept at their highest ef-

f ficiency at all times. Since most of the Mis-

sion equipment is electrically operated, the power
system must be kept in perfect operating condi-
tion. In addition to the mission equipment, many

of the aircraft control systems also depend on the
electrical systems.

2. In order for the electrician to keep the
power system at its highest peak of efficiency,
special test equipment had to be provided. The
requirement for this special test equipment has

been brought about by the complexity of today's

systems.
'3. In the old days, a voltmeter or an ohm-

meter would do the job. Now, you must use test
equipment that duplicates the operating conditions
found in the power system to provide the means
of testing system components. You must be re-

] . sponsible for the operation and maintenance of
the test equipment. In this chapter, we will dis-
cuss the more common types of test equipment
identified with power system testing.

4. I this chapter, we will divide power sys-
tems t st equipment into two areas, dc and ac.
During the discussion of the dc power systems

test equipment, two items will be covered, the
A-2 generator test stand with load bank and the
T-31 tester. The ac power systems test equip-
-ment coverage includes testing and loading. The
testers are T-35, T-170, and MC-2 test stand;
the loader is an A-1 load bank. Each of the
above, stated iterni are covered with respect to
construction and operation. Later in this course,
under aircraft power systems, the test equipment
covered in this chapter will be used to determine

system malfunctions.

4. DC Test Equipment
4-1. As the name implies, the equipment to be

tested operates in a dc system. To control system
operation,' in order to determine discrepancies,
test equipment has been built to simulate aircraft
operation. This test equipment is the subject in
this section.

19

472. DC Generator Test Stand. You have no
doubt already seen and realized the importance
of the generator test stand in daily shop operation.
Figure 13 is a picture of a typical A-2 test stand.
Don't be alarmed if it isn't the same A the one
that you have in your shop. There are many dif-

ferent versions still in service. However, they
all perform the same as the one that you have
in your shop. They all perform the same two
basic functions: (1) they turn the generator at

various speeds and (2) they provide a means of

applying a load to the generator under test.
4-3. Description. What are some of the capa-

bilities of the generator test stand? This test
stand simulates the operational service conditions
for testing 307volt dc generators with ratings up

to 600 arnperes. It is usually referred to as, a
varidrive since it provides a means of regulating

generator speed. It also provides a means of
applying loads to the generator under test.

4-4. On top of the test stand there is a re-
sistive load bank. The switches (ite C, fig. 13),
located on the front panel, control t e resistive

load bank.. The load bank is used provide

a load for the generator under test. When a
switch is placed in the ON position, it connects a
bank of resistors in parallel with those already
in the circuit.

4-5. This load bank gives us an opportunity to
apply Ohm's lay to the series and parallel cir-
cuits involved. The generator output is applied
between the "28 VDC" and the "COMMON"
terminals. What load wonld be 'applied-to the
generator if the generator voltage is set at 28.5

volts and a 10-amp switch is closed? Each 10-
amp switch connects a 2.85-ohm resistance in
parallel with generator output. Current equals
source voltage divided by circuit resistance.

I =
28.5 volts
2.85 ohms

= 10 4mps

4-6. Now, what would happen to the current
if the generator voltage is set at 30 volts and
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a 10-amp switch is closed? Figure it out and
you'll come out with 10.5 amps. Also, if the
generator voltage is less than 28.5 volts, we have
a current flow of less than 10 amps. From this
discussion we have determined that the load
switches apply only to an approximate load. Ac-
tual load is determined by generator voltage.
However, tliVindicated loads are close enough for
daily operation of the test stand.

4-7. The 20-, 40-, and 100-amp switches in-
volve parallel circuits. When any of these
switches are closed, the total current flows
through the switch and then divides through each
leg of a parallel branch. There are a number of
ways to determine the current flow through these
parallel branches. Let's discuss a 40-amp branch
(four 2.85 ohm resistors in parallel) using two
different approaches. We find total resistance
by using the formula:

1RT _ 1 1

R3RI R2 R4

Because all resistors are of the same value, we
merely divide the value of one resistor by the

4.;

4,>26

number of resistors in the string. In this case, 4..
Current flow is then found by dividing source

2.85 -= 0.7125 ohms
4

voltage by total resistance.

I =

I = 40 amps

4-8. Another method of determining current
flow in a parallel circuit is to determine current
through each branch. Then add these branch cur-
rents to find total current. We have already
solved for current flow through a series 2.85-
ohms resistor and found it to be 10 amps. In
this case of four parallel 2.85-ohm resistors, we
have a total current of

10 + 10 + 10 + 10 = 40 amps

Again the amount of load provided by each
switch is approximately equal to the ampere desig-

ONO IMO =MI
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S. GENERATOR FIELD CONTROL C. LOAD SANK SWITCHES
RHEOSTAT D. TEST STAND MODIFICATION

Figure 13. A-2 generator test stand.
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nationindicated on the panel face. As we proved
before, actual current is determined by generator
voltage.

4-9. A variable resistor (item A, fig. 13) is

provided for a variable control of generator cur-
rent output from 0 to 25 amperes. This resistor
adds a limited amount of resistance in parallel

-with the bank resistors.
4710. To control the generator output voltage,

a variable 0-to 10-ampere generator field control
(item B, fig. 13) is provided. This rheostat al-
lows more resistance to be placed in series with
the generator field, thereby controlling the gen-
erator output voltage.

4-11. There are various types of meters on
the face of the panel. These meters indicate the
various aspects of generator performance such as
voltage, current, and speed of the generator. You
should become completely familiar with each
meter and all other controls -before attempqng to
operate the test stand.

4-12. The basic generator test stand is unable
to check all of the gcnerator system components.
But, with a little work on your part, you can
greatly increase the capabilities of the test stand.
All you have to do is to modify the stand to
Incorporate the wiring of the basic generator sys-
tem. Now, let's expand some on this subject of
modification.

4-13. Modification. The enclosed portion (D)
of figure 13 is a modification that was performed
by the local electric shop. You will probably
recognize some of the components installed dur-
ing the modification as being dc generator system
components.

4-14. Where do you get permission to modify
the generator test stand and why must it be modi-
fied? We'll take these questions one at a timc.
Normally you aren't allowed to modify anything
without the proper authonty. Furthermore, modi-
fications should be limited to the external mount-
ing of components which would not affect the
basic test stand. In this way, you can also changc
the modifications to meet new needs.

4-15. Modifications should be'performed only
if it increases the -versatility of the test stand.
Since the test stand provides a means of turning
thc generator and applying loads, why not in-
corporatc the other generator system components?
The modified test stand would then enable you to
test all generator system components. This would
include testing and calibrating the voltage regu-
lator, field control relay, RCR, overvoltage relay,
and of course. the generator. Since the generator
can be driven at various speeds and various
loads applied, a thorough check of componcnt
operation .can be made.
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4-16. As you have probably guessed, the modi-
fication is 'a mockup of the aircraft 'generator
system. Most dc generator systems are basically
the same. Therefore, one system can probably
take care of all your needs. The components
should be mounted in such a manner that they
can be replaced easily by the component under
test. All wiring and connections should be in-
stalled with the same care and precautions used
in aircraft wire maintenance. A neaf and syste-
matic layout of the components produces a piece
of test equipment of which you will be justly
proud.

4-17. Servicing. Maintenance of the generator
test stand is the responsibility of the electric shop
personnel. Whenever you are placed in a position
that requires you to operate the stand, you should
also be aware of the' maintenance requirements.
The test stand TO covers the maintenance of the
stand as well as the operating procedures. So,
after you finish reading the scction on operation,
continue on and read the maintenance require-
ments.

4-18. The importance of preventive mainte-
nance of the stand cannot be overstressed. It
must be properly inspected and serviced just like
any other piece of mechanical equipment. It pays
to properly grease and lubricate the stand at the
prescribed intervals. You knowwe might even
consider this action as an insurance policy. It,s
much easier to spend a little time servicing the
tcst stand than it is to explain to the chief-of-
maintenance why you had a bearins
is especially tnie if it occurred duc to a lack
of lubrication and happened at some crucial time.
So always remember .to check the applicable TO
and keep the tcst stand properly serviced.

4-19. Safety. Become familiar with thc TO
that applies to your equipment. Get checked out
on the operation of the test stand. Then become
safety conscious, and always remain so. Follow
these thrcc steps beforc you start working on or
operating the tcst stand.

4-20. T-31 Tester. The model T--31 dc sys-
tcm tester (fig. 14) is designed to provide a fast
and uniform method of testing and adjusting dc
generator control panels. With special wire har-
nesses, it can 'be adapted to test other dc system
components. This tester is powered by 115 volts
ac and does not incorporate the use of a dc
generator. You may conduct the bench check
of a control .panel without access to the internal
components since all indications 'of proper-relay-
functioning arc visible on the tester by means
of lamps and meters. A 12-position selector
switchon thc panel facc atuomatically connects
the proNr voltmeter range, the proper indicator

2
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Figure 14.

lamp, and correct electrical power to the various
circuits in each cOmponent.

4-21. Dc control panels, as previously jmen-
ItIoned, are getting rather scarce since most of the
newer aircraft are turning toward ac power. How-
ever, there are still many uses for this tester in
shop repair work. Various test harnesses can be
made up so that you can.use the timer or any of
the other meters on the front panel. This provides
you with a means of testing many other system
components.

4-22. If your shop has a T-31 tester, we sug-
gest that you get the applicable TO and read it.
Here you find, the step-by-step operating pro-
cedure and a wiring diagram for the tester. The
dragram will be helpful when you want to adapt
the tester to uses other than thos'e Tor which it
was designed. Maintenance on The tester is'
limited to the repair of electrical circuit malfunc-
tions. These will be few and far between if the
tester is operated as prescribedt in the TO. Cali-
bration of the meters on the 1-31 is performed
by PMEL.

5. AC Test Equipment
5-1. Fol-merly the dc power systems were the

prime electrical system. on aircraft, but today the

T-31 tester.
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new aircraft are ac powered. As pointed out
earlier, the vast majority of the systems on an
aircraft are in some way dependent upon elec-
trical power. The more systems dependent upon
electricity, the more variable the levels of voltage
will have to be. Ac is a good source of power
that can be easily changed in potential. _Since
ac is more promiRent than dc now, it is logical
to devote more space to the testers of ac power
equipment. Another reason for more coverage
is that ac power systems are more ,diverse in
components and operation than are dc power
systems. For these reasons, .the, rest of this
chapter win cover ac power systems test equip-
ment. The first piece of test equipment we will
consider is the T-35 tester.

5-2. The T-35 Tester. The T-735 tester, or
control panel test set is designed specifically
as a general -purpose test set for.an control and
protection panels not contiining transistors. The
voltohmmeter is used for troubleshooting, and the
test set is used for operational perforthance. The
test set tells you the states of each item.in the
control and protection'panels. You canfrtest the
perfor.mance of your equipthent with this tester
by simulating various voltage or frequency con-
ditidns that may occur in flight. You are re-

. -
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,
sponsible for operatt n andmaintenance of this
test equipment. The following discussion is de-
signed to acquaint you. with.the various circuits

.and components within the test stand.' The T-35
,tester provides a fast Ind uniform method of
testing and adjusting certain ai power generator-
system components.- In order to test other ac
power-generating components, special test- leads
are necessary. The componenti to be tested and
adjusted, which will use all the test set circuits
and meters-, are the ac control panels, frequency
andiload controllers, autoparallöling controls, and
underspeed controls. ;

5-3. Components. The T-35 test set consists
of an ac electronic generator, power amplifier,
amplifier power supplies, an ac metering and con-
trol unit, a dc power supply metering and control
unit, and a metering and control unit for the
constant-speed-drive controls (gee fig. 15). These
units are housed in a desk type console and are
interconnicted to provide a complete test set for
checking certain makes and jnodels of the gene-

....rator and control panels and constant speed drive
?, controls and their components. The components

that make up the test stand are mounted on
shelvq in the back of the tester and are easily

; accessible 'through inspection doors.
- 5-4. Ac electronic generator. This unit fur-

nishes three-phase, low-amplitude, low=distortion,
sinc wave vdltages-for-the control and protection
panels that are tieing, tested. This generator pro-
duces the normal operational voltages for check-
ing out the units itflhe control and. protection
panels. The' frequency of the voltage may be
manually adjusted 'over range of from 310 to
440 Hertz (Hz formerly cps) plus or minus 1
Hzor over a'range of from 390 to 410 Hz, plus
or minus 0.1 Hz. _This is done with t
brated dial on the panel of the elcctr
erathr unit (item D, froni of fig. 15f. A high-
frequency, single-phase supply voltage also is

furnished by this unit to -sithulate the signegen-
crated by the undorspeed system em`ployfpg a
magnetic pickup used on some constant-speed
drive units. This section is calibrated in terms
of the speed necessary to turn the gear in the
drive 'unit to produce a siinal of the same fre-
quency.

5-5. Power amplifiers. There are three power
amplifiers (item E, rear of fig.'15), one feceach
phase, to increase the low-amplitude, low-power
voltage from the generator to a 115-volt, line-to-
neutral voltage at outputs from 0 volt-amperes to
90 volt-amperes. The amplifiers incorporate thc
necessary circuits that provide very low source
impedance, and regulation td insure constant
voltage outputs with load or line voltage varia-

,
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tions. Phase A, B, and C 'power amplifiers each
employ a pdwer supNyy, the function of which
is explained latecin the operation section.

5-6. Amplifier power supplies. h e three am-
plifier power supplies"(items F, G, H, rear view,
fig. 15) furnish the requireci'voltages for' the
filament and the various anode and bias voltages
that are required for the operation of the elec-
tronic generapr and power amplifiers. They con-
sist of transformer-rectifier tube circuits with
filter network&

5-7. Ac metering and control unit. This,unit
contains the necessary controls and metering and
switching equipment for making tests of the a;
operated circuits of control panels /and qntrols
(item B, fig. 15). Three-phase voltages; balbeed
in amplitude and manually .adjus from 0 to
150 volts, are provided for riblkng tests. Also,
an unbalanced three-phase supc, y, withany se-
lected phase having a variable/voltage while the
other two are held ,at 115 is provided.

5-8. Dc power supply m tering and control
unit. This unit contains a fixed voltage de Tower

,

supply as well as an adjustable voltage de power
supply to provide the necessary dc power to
operate-the control panel eomponents. and to pro-
vide indications of operation of the various com-
ponents, (item A, fig. 15).

5-9. Metering and control unit for constant-
speed drive controls. The necessaiy power me-
tering and switching required for checking the
drive controls are incorporated in this unit-(11cm
C, fig. 15). Also a separate receptacle for
making tests on the drive controls is provided.
All of the necessary test leads for connecting Ole
units being tested to the test set are furnished

r with, the tester and are found in the drawers of
the console.

5-10. Operation. The T-35 tester is used for .

control panels rated at 115/200 volts, 400 Hz, i
single or three-phase. The inpuurequired for the
set is 115 volts, 60 Hz, single-phase power with
a maximum load of 44.aanperes. The nklimum

(4' toutput of the 400-Hz ac generator is.' volt-
amperes per phase. The three-phase voltage is, r
adjustable from 0 to 150 volts. Single-phase
voltage, manually adjustable from 0 to 300 volts,

. is also provided. Fixed dc power' is available at
26 volts nominal. A variable dc voltage is availl
able and is adjustable from 0 to 60 volts. The
test set subassemblies are connected together with
harness assemblies. 'The relationships of the sub-
assemblies are shown in the block diagram of
figure 16. ,

5-11. power supply, phase A. This power
supply provides the necessary plate, bias, and
tube heater power to the ac generator. A trans-

eole'
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former- and a 5Y3 rectifier tube with a filter
netWork supply a positive 280 volts dc. .The
highest voltage secondary df this transformer is
also connected to a 6X4 rectifier tube which
:supplies a negative voltage through a filter net-
work to an OB2 iegulating tube. This voltage
regulaiing tube provides a negative 108 volts dc,
whIch is the reference voltage for the output volt-

- ale regulator of the amplifier. -

5-12. The heater power at 6.3 volts ac for the
amplifier is furnished by the secondary of another
transformer. The highest vohage secondary 'of
this transformer is connected to a 5Y3 rectifier
tube yth the rectified output filtered. This out;
put, 300 volts tic provides plate power for the
tinv-level stages of the amplifier. Through a volt-
age divider network, a negative grid bias of 50
volts "dcis obtained for the output stage''of the
amplifier. Another tansformer has its high-volt-

- age Secondary connected 'to two 5R4* rectifier
tubes. These t tubes are connected in parallel.
The output Of these two tubes provides 750 volts
dc to the plate of the output stage of The phase
A amplifier. ,

5-13. Power sup'plY, phase B and C. These
power supplies furnish the plate, bias,-and heater
power for the amplifier for the 'phases B afld C
amplifiers (ore fig. 164. The operation of these
power iupplies is identical to'the power supply
for phase A, which we discussed previously.

,

or

There is a 108 volts dc output used as a ref-
erence for the output regulation of the amplifier,
+6.3 volts ac output for heater pbwer to the
amplifier tubes,- +300 volts dc for the plates of
the low-level stages of the amplifier, 50 volts
dc for the grid bias of the power-outpuf, stage
of the amplifier, and a +750 voltg dc for the
plite supply to the power.dutput tubg of the

, amplifier.
5-14. Power amplifiers. The electronic ampli-

fiers are used to afilplify the low-level, three-
phase voltages prodUced by the ac generator.
These three, phases A, B, and C amplifiers, are
identiCal in construction and operation. They ii-
crease the power to each line-to-neutral voltage;
and each supplies a voltage, adjustable over a
range of from 95 to 130 volts ac, delivering
approximately '90 voltszatiweres at 115 volts. The
output voltage is indepehdent of load variations
and does not exceed volt from no load to
full load. Each amplifier is connected to a power
supply which provides the necessary plate, bias,
-and tube heater power. An input signal from
the ac generator iv applied to the grid of a triode
tube. The signal is amplified and coupled to the
appropriate stages consecutively. A degenerative
feedback circuit stabilizes the gain of the ampli-
fier, and reduces distortion 'of the output' signal.

5-15. Ac electronic generator. This genera-
tor.is a stable electronic oscillator with a balanced
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three-phase output. The frequency range of from
310 to 440 Hz uses a resistor-capacitor network
for frequency determination, while the frequency
ranges of from 390 to 410 Hz and from 4907 to
5760 Hz use an inductor-capacitor parallel res-
onant circuit for their frequency determination.
The single-phase output of the oscilrator is con-
nected to.a single- to three-phase static converter.

- These three-phase voltages are fed. to the three
power amplifiers, as shown in the Mock diagram,
figure 16. For the high-frequency range, the
single-phase output of the oscillator is connected
to a two-stage cascaded amplifier. This amplifier
has a degenerative feedback circuit to improve
.gain stability. The single-phase voltage is thee

- applied to the power amplifiers for furtger am-
plification.

5-16. Ac metering and control unit. This unit
controls the three-phase voltage, and provides
voltages of adjustable levels and correct phases.
It incorporates meters for making various volt-
age and current measurements. The three-phase
voltage from the pcAver amplifiers is applied to a
three-phase variable autotransformer. The out-
put of this autotransformer is adjustable by the
AC VOLTS control, shown in figure 17. Each
specific switch position on this unit provides cer-
tain operating conditions. When the AC VOLTS
switch is in the UNIIAL 150 V position, the
voltage of the phase selected by the PHASE
SELECTOR switch is varied by the AC VOLTS
control (autotransformer), tvihile the voltages of
the other two phases are bele; at 115 volts. Other,
positions of the AC VOLTS switch allow for
selecting three-phase balance 150-v, three-phase
balance 300-v, three-phase unbalance 300-v,
single-phase 7.5-v, single-phase 204, single-
phase 150-v, and single-phase 300-v positions.

5-17. Dc supply metering and control
unit. This unit provides both fixed and adjusta-
ble dc power. It incorporates meters for making
various voltage, current, and resistance measure-
ments and a timer for determining response
times. Indicator lamps are provided for indicat-
ing,relay contact operation in the uhit undergoing
test. A.fixed dc power supply provides 26 volts
d9 for operation of the timer clutch and the in-

.. clicatoi lamps. The testing procedure can* per-
formed on a typical ac protection panel after the
preliminary settings of switches and controls (see
fig. 17). A chart giving the preliminary settings
is shown in table 2. Each reference number in
table 2 indicates the name of the sWitch or con-
trol on the test set. Every 4tetn in the ac pro-
tection panel can be tested. For example, the
generator control relay (GCR) trip circuit may
be checked by placing the TEST switch (refer-
ence Nr. 7, fig. 17)- in position 1 and by turning

ter

the dc POWER switch (reference Nr. 3, fig. 17) 6
on and rotating the do, volts control (reference
Nr. 20, fig. 17) until the GCR trips and lamp
Nr. 2 goes out. The trip voltage may read 18
volts or less on the dc voltmeter (reference Nr.
28, fig. 17). Below are other checks that can be
performed On the ac protection panel.

Undervoltage relay check.
Overvoltage relay check.
Overvoltage relay time-delay check.
Selector relay and bias circuitecheck.
Open-phase relay Nr. 1 check.
Differential protection relay check.
Control panel test switches check.
Open-phase relay Nr. 2 check.
Anticycling relay check.
Time-delay relay Nr. 1 check.
Auxiliary relay Nr. 3 check.
Transformer-rectifier check.

Always refer to the applicable technical order in
testing ac protection panels.

5-18. The information which we have pre-
sented on the T--35 tester is intended only to ac-
quaint you with the tester capabilities and the
functions of the various test set, components.

TABLE 2
PIELIMINARY SETTINGS OF SWITCHES AND CONTROLS

MODEL T35 TEST SET

Switch

Power
Timer
DC Power
Generator
Gen. Control Relay'
Resistance
Test
AC Volts
Phase Selector
Fault Selector
Milliamrneter Range

* Fault-current Phase
Phase Sequence ,

27

Autoparallel
DC Volts
K-H Term.
Load Current
AC Voltmeter
Frequency Range
Function
DC Voltmeter
DC Voltmeter

Control
DC Volts
AC Volts
Open Phase and Reactive

Cunpnt
Load Current
Frequency Control

27

Refeience No.

1

2
3

4
5

6
7
8

9

10
11

12

13'

14
15
16
17

18

19
35
36
37

Reference No.
30
21

Position

On
Off
Off
Off
Normal
Off
Off
Bal.-150 V
A
Off
Off
Off -
Normal-

ABC
Normal
K-H Term
Normal
Off
Motor Volts
390-410
F & L
30 V
30 V

Position

Off-CCW
off-CCW

22 Off-CC,W
23 CCV:i
24 400 Hz



Also, note that the T-35 tester is somewhat
limited when it comes to testing the more sophis-
ticated transistorized ac power system compo-
nents. A new test set has been developed to
provide the means for testing these transistorized
power system components, and is designated the
T-170 tester.

6. The T-170 Tester

6-1. The T-1:70 tester is designed to provide
a fast and uniform method for testing and ad-
justing certain ac power-generating system com-
ponents. However, this tester may be adapted to
test other ac power-generating system compo-
aents by using both a special test lead designed
for that component and appropriately punched'test cards. As an aircraft electrician, you are
responsible 'for the operation and maintenance of
the generator, control and protection panels. You
must know how to operate this test stand properly
to give you a true status (operational status)
on equipment panels. The following, discussion
will acquaint you with various circuits atd com-
ponents within the test stand.

6-2. The test set can test control panels rated
at 115/200 volts, 400 Hz, single- or three-phase,
and three- or four-wire. The following is a list of
the principal tests performed by the T-170 test
set:

Static regulator.
Oyervoltage trip time.
Undettvoitage trip time.
Unde.Atage trip point. -

Differential protection.
Overcurrent protection.
Frequency relay calibration.
Exciter protection.
Paralleling relay.
Overexcitation.
Underexcitation.
Relay operation. ..0

Step-change frequency.
Forward and reverse diode.

6-3. This test set is designed specifically as a
general-purpose test set for all control protection
panels. Its maximum output is 100 VA volt-
ampere per phase. The 'three-phase voltage is ad-
justable from 0 to 200 volts, and the single-phase
yoltage is adjustable froM 0 to 150 volts. A
fixed and a variable- dc voltage are available
from 0 to 35 volts, or from 27 to 63 volts.

6-4. Components. The test set consists of the
following units: ac electronic generator, power
amplifiers, amplifier power supplies, power dis-

tribution unit, progrdnmer and relay-control cen-
ter, caiki switch, voltage-control unit, control dc
power supplies, indicator unit, recorder unit, and
digital instrumentation system. These units are
housed In a desk-type console, xs shown in fig-
lire 18.

6-5. Ac electronic generator. This unit (item
H, fig. 18) furnishes variable-frequency signals
over two ranges (375-423 Hz and 300-530 Hz),
as well as fixed frequencies of 400 and 1600 Hz.
There are four individual outputs from the vari-
able-frequency section, each separated by 900
and forming a four-phase system Which is trans-
formed to a three-phase system by the amplifier
units. This phase relationship is maintained at
all frequency settings. The variable ,frequency is
controlled by three dials on the front panel, as
shown in figure 18. There are two knobs for the
375-423 Hz range, and provision is made to
change from the setting of one to that of the other
as a step function might be required for checking
the response of generator frequency control
panels. The fixed frequencies of 400 Hz and
1600 Hz are used for simulVtihg systems with
permanent magnet generators, or for making two
generator paralleling tests. The fixed frequencies
are single-phase outputs only. All output 'volt-
ages are regulated.

6-6. Power amplifiers. There are four ampli-
fier units (item J, fig. 18), three of which com-
bine the four-phase output from the ac generator
unit and produce a three-phase 115/200-volt out-
put. The fourth amplifier is connected to ttie
fixed-frequency output of the ac generator unit.
The amplifiers are adjusted for a constant volt-
age gain of 10 and a very low output impedance,
due to the large amotint of feedback used in the
circuits involved.

6-7. Amplifier power supplies. AU amplifiers
have common power supplies. One unit item I,
supplies all 'the preamplifier stages. The second
unit supplies all the output stages (item K, fig.
18). This unit is turned on after a time delay
to allow the power tubes to reach operating tem-
perature.

6-8. Power distribution unit. This unit (item
A, fig. 18), contains the principal 60-Hz input
fuses, the time-delay relay, and the power relay
to control the amplifier power supply. output.
An elapsed time indicatot is also mounted on this
unit. The 115-volt, 60-Hz input power connec-
tioi to an adjacent terminal block is marked to
indicate power and ground cO-nnections.

6-9. Programmer and relay control center.
This unit contains the circuit setup relays and the
transformers for applying test signal to the panel

on test (item B, fig. 18). The output connector
and the test-set power switch are located on the
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front panel a this unit. Circuits from this unit
connect to the card switch, amplifiers, dc power
supplies, indicator unit, control unit, and the digi-
tal instrumentation system. Wherever possible,
plug-in relays are used to facilitate testing and
maintenance..

6-10. Card switch. This switch is part of the
programmer and relay control center (item M,
fig. 18). Test cards are placed in the card switch
manually. When fully inserted, the card trips a
solenoid mechanism which activates the switch.
The test set is then programnied to-make the test
defined by the test card. A set or test cards,
attached to the test lead, is required to check out
a com*te control panel. A set, of self-checking
test cart is included with each T.-170 ac system
test set.

6-11. Indicator unit. This unit Contains on its
frixit panel the indicator lights 'associated with
the circuits through the control panel undergoing

04- test and the indicator lights to show the parame-
ter being checked on the digital instrumentation
(item D, fig. 18). This unit, which is focated
in the top center of the upright panel also 95"n-
tains two auxiliary-indicating meters.

6-12. Voltage control unit, The voltage con-
trol unit (item F, fig. 18), which is located on
the lower center upright panel, contains the volt-
age control units and the switches which are to
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be operated after a test card has been inserted in
the card switch.

6-13. Control, dc power supply. This unit .

(item C, fig. 18), which is located near the top
of the upper left console, contains four low-volt-
age power supplies. One power supply operates
at 28 volts and is used principally for indicator
lights and relays. The second supply is operated
at a fixed 28 volts and is applied to the panel
as required. The third power supply Is a variable

. source of 045 volts dc. -The fourth supply pro-
vides a negative 8-volt bias for use in the tilting
tests. The operation of the individual power sup-
plies is controlled by the card switch.

6-14. Recorder unit. The recorder unit (item
L, fig. 'ft) is a direct-recording oscillograph pro ?
vided to record the results of dynamic tests on
frequency-and-load controllers. The recorder is
mounted on a pivoted shelf that swings out of the
lower right-hand side of the coasole and into posi-
tion.

6-15. Digital instrumentation system. This
system cohsists of two par4, a five-digit electronic
counter (item E, fig. 18) and a conVerter, volt-
age to frequency, item G, figure 18. -This system
is capable of measuring dc volts, ac volts, fre-
quency, and time intervals over a wide range.
The system is automatically programmed by the
test card. Frequency and time measurements
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are made directly on the counter. .Voltages to be
measured are first applied to the converter, and
the resulting frequency is read by the counter,
calibrated in volts. Ac voltages are rectified to
dc before being converted to frequency.

6-16. Operation. As previously mentioned,
the input requirement for the test set is-for 115-
volt, 60 Hz, single-phase power_with a, maximum
load of 25 amperes. The input power is con-
nected to the power distribution unit, .and the
relationship of the subassemblies is shown in the
block diagram of figure 19.

6-17. Ac electronic generator. The ac elec-
tronic generator (see fig. 19) supplies a variable-
frequency four-phase and two fixed-frequency
single-phase sine wave voltages. This is accom-
plished b the use of two oscillator sections.

6718. Fixed-frequency section. This section
delivers two stable frequencies of 1600 Hz and
400 -Hz. A tuning fork and a tri6de tube are
connected to form an oscillating circuit that pro-
duces a precise and stable 1600-Hz signal. This
signal is fed into a squaring circuit. As.sa result,
the signal is a 1600-Hz square wave with a
peak-to-peak amplitude of 200 volts. From this
point the signal takes two paths. One path takes

.10

.272,
generative ;feedback signal colipledi to the res-
onant circuii, the amplitude of os illation rises
to 30,:foltS root-mean-square (rms).

6-21.' In order to control and iegulate the am-
Plituder of oscillation, a regulator circuit is in-

:, cluded in die oscillator which allows the ampll-
tude to be set anywhere in the rahge of from.9
to 14 volts by manual adjustment of a potentiom-
eter. This maintains the amplitude nearly con-
stant thrOughout the frequency range of the
oscillator by comparing it to a dc reference volt-
age. The oscillator voltage is' rectified to produce
a d6 reference voltage. '-

6-22. Variation of the oscillation frequency is
achieved by simultaneously varying a pair of re-
sistors in the oscillator. circtik.. These are poten-
tiometers attached, to the frequency dials. The
output vOltages which deliver four voltage signals
of equal 'pmPlitude (one is single-phase and the
others form into three-phase voltage output) are
connected, to the four power amplifiers.

6-23. Power amplifiers. Each of. the 'four,
power amplifiers (see fig.. 19) it divided into a'
voltage-amplifying section and a, power-am-
plifying section. Each section is supplied by a
separate power supply. EaCh amplifier has' its

the signal to a clamping circuit. This produces a owp filament power supply. A 100-dubic-foot-
signal of 10-volt peak-to-peak amplitude which p -minute cooling fan is mounted on each am-.
is stabilized against variations. The clamped ifier chasis. One of the power amplifiers is

1600-Hi square wave is fed to a resonant circuit used to amplify the single-phase output, and the
tuned-to 1600 Hz7 and the voltage resulting is a other three form and amplify the three-phase
1600 Hz sine wave. This voltage level is con- output from the ac generator. These oscillator
trolled by a potentiometer. output voltages aie fed to the voltage-amplifying

6-19. The second path ,taken by the voltage section through h resistor network which deter-
signal is to a frequency-divider circuit that pro- mines the gain of tthe signals. The voltages are
duces an 800-Hz -square wave, which is fed in amplified enough to drive the power-amplifying
turn to a second frequency-divider circuit that section.
delivers a 400-Hz square wave. This signal is 6-24. The power-amplifying section is a push-
sent through a Clamping circuit that produces a pull configuration using two power triode tubes.
400-Hz square wave which is stabilized igainst Eacli tube has a plate power dissipation rating of
circuit variations. The clamped 400-Hz square 100 watts. The tubes are operated with bias
wave is fed to a resonant circuit tuned-to 400 that is produced by the voltage drop across each
Hz, and. the voltage resulting is a 400-Hz sine cathode resittor. The electrolytic bypass capaci-
wave. This voltage level is also controlled' by a tors in parallel with each cathode resistor, re-
potentioin eter. duces 'ac degeneration. Thus, the magnitude of

6-20. Variable-frequency section. This section the bias for the power triodes is such diqt the
produces frequencies in two ranges, 375 to 420 tubes operate at nearly class' A until the output
Hz and 300 to 500 Hz, which are controlled by. power demand rises above 60 watts. At output-
three dials on the front panel. Two dials are power demands above 60 watts, the operating
for the 375- to 420-Hz range- and tone for the point moves into class The plate power
300- to 500-Hz range. Basically, this oscillator dissipation under no-load is 90 watts per tube.
consists of five plug-in dc operational-type ampli- Thus, the operation under these conditions al-
fiers, suitably arranged with resistor and capaci- lows the amplifier to develop 100 VA under
tor networks to form an oscillator. In order to reactive load without exceeding the power rating
cause this resonant circuit to oscillate, a knitive of the tubes. The output- impedance of each
(regenerative) feedback signal is required. This power amplifieris one ohm.

,feedback is supplied by feeding the outplit of one 6-25. Amplifier power supply. The power for
amplifier to the input of another. With the re- the amplifier units is supplied by two power
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units (see fig. 19). One unit sur;plies power
foi the preamplifier stages, and the other power
supply provides power for the 'amplifier output
stages. Both units have 115-volts, 60-Hz input
and a filtered dc output.

6-26. Power-distribution unit. This unit pro-
vides the means of -distiibuting the input power
to the various units of the test iet. The povier
supplied to the output dc power supply for the
'amplifier-output stages is fed through a time-
deity circuit-that allows the- filaments to become
properly heated before The plate power is applied
to the amplifier-output tubes. Otherwise, dam-
age to ihese tubes might result Another power
'source coming from the power distribution unit
provides 26-volts, 60-Hz' ac for the start-test in-
dicator located in the programmer and relay
control center.

6-27. Programmer and relay control ,center.
Thin unit,' as shown in figure 19, contains relays
and transformers which form a connecting point
for the card switch, indicator unit, voltage-control

4 ,unit,..and Power supply.
6-28. Card switch, This switch is an electro-

mechanical device including 186 sets of contacts,
wed tp select tht circuits of the test set to be used
-in a particular test. fndividnal sets of contacts
are 4654 by means of a-punched card placed
in. the switch. The sets of contacts ais opened
when a hole is present in the card and the switch
m'ecbanism is operated. The switch mechanism
is activated by a. sOlenoid that is. located at the
rear of the card slot. Placing -the pUnched card
fully in the slot automatically operates the dard
switch.. Thus, the circifits that:are not'neeld in
a particular test ire made inoperative by the
test ca4 -

6-29. Indicator unit. Thit unit includes a set
of six numbered indicatoi lamps that indicate the
circuit of the panel under test. A dc voltmeter
and dc ammeter are also provided. The volt-
meter may be used as an 'ohmmeter to test di-
odes or perform continuity and resistance meas-
urements.,

6-30. Voltage;control unit. This unit contains
most of the operating controls needed during test
Procedures. Two voltage controls are provided.
One is a single-phase variable transformer which
is used to control the dc voltage level ,on the ac
bias voltage level. The other, a three-phase 'vari-
able transformer, is wed to control the three-
phase. ac voltage. The unit also contains a
PHASE:-SELECTOk switch that permits moni-
toring each of the three phases of the ac voltage
individually. Additional switchts are provided
to control the panel under test. The trip switch
and reset switch apply dc voltage to the trip and

233
reiet coils of the generator contioI relay. Tin set
test switch, in the SET position, arranges-circuits
that permit the presetting of various voltage
conditions which are then applied to the control
panel when the switch is placed in the TEST
position."

6-31, Control dc power supplies. This unit
contains four separate dc supplies used for control
purposes. One provides biasing for the timing
circuits. This supply operates from a '60-Hz ac .

source. Another is used to operate indicator
lamps and relays. A third is used to supply con-
trol power to the panel under test. The last one

- is a variable dc supply which may be operated
from, either a regulated 60-1.1z or 400-Hz input.
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This supplies variable control power to the panel
under test.

6-32. Recorder unit. This dir.ect-recording
oscillograph is equipped with two active galva-

nometers and two static traces used as reference
lines. One channel may be used to display the
output of the fiequency-and-load controller to the
magnetic governor trim coil, and the second chan-
nel may be used for timing to show the applica-
tion of step changes during transient tests.

6-33. The T-170 tester is used in testing the
frequency-and-load controller unit. The prelimi-.
nary settings of all the controls should be at their
initial positions. In testing the load-division cir-
suit. the applicable punchcards are inserted in

the punchcard receptacle. A typical test punch:,

card is shown in figure 20. Other .tircuits in this
unit that may bd tested are:

Frequency-contrbl circuit.
Output linearity and gain of the freqyency-
control circuit.
Load-division null potentiometer adjustment
and gain potentiometer setting.
Synchronizing relay test.

II

6-14. This concludes the discussion on the

1-170 test set. Both the T-35 and the 1=170
test sets are designed to test various ac power-
control system components. From our discussion
of these testers, you can see that they provide

the various operating conditions found on the

aircraft, liut they do not provide a means of
testing the constant-speed drive (CSD) on the

generator.
6-35. The next tester that we Lconsider, the

MC-2 test stand is designed to rest both the

CSD and the generator. The MC-2 test stand
also provides another means of testing system
components.

7. The MC-2 Test Stand!
7-1. The MC-2 test stand, shown in figiire

21, is designed for field-testinv constant:speed
tranimissions. their 400-Hz ac vamponents, and
certain ac generators. The test stand uses power
from.a three:phase line operating at a voltage of
either 220 or 440 volts line-to-line at a frequency

.pf 60 Hz. The power unit is provided with dual
heads or power take off shafts, the speeds of
which are proportional to each other through Ihe
speed ranges. 'Tbe low-speed head may be varied
from 2000 to 7500 rpm. and the high-speed head
may be varied from 2400 to 9150 rpm. ,

. 7-2. Components. This test stand consists of
a shield. skid-type base, control' console, variable-
speed main prime mover, auxiliary variablet
speed start prime mover, and instrumentation and

controls.

7-3. Start prime mover. The auxiliary vari-
able-speed prime mover has' a 5-hp continuous
rating and provides suitable means for slow starts
of the main variable-speed prime mover. A mag-
netic clutch provides for automatically disengag-
ing the start prime mover from the main prime
mover when the latter is energized. Acceleration
of the start prime mover is at a fixed rate of
approximately 125 rpm per secondq and suitable
controls for starting and stopping and for in-
creasing (item G, fig. 21) and decreasing (item
F, fig. 21) the speeds are provided on the speed
control panel. The peed ra/tge of the start prime
mover is from 145 to 975 rpm, measured at the
output shaft of the low-speed head, and from
175 to 1190 rpm on the high-speed head. The
speed of both heads (HIGH A, figure 21 and
LOW B, figure 21) is indicated on the speed
control panel. A 1/15-hp control motor provides.

remote speed control for the sfart prime mover..

7-4. Main prime mover. Tthe main prime
mover assembly has a 75-hp continuous rating
and is used fo po ering constant-speed trans-
missions during t stin ration of the main
prime mover is t a fixed rate of approximately
800 rpm per second, and the controls for starting
and stopping and for increasing (item ID, fig. 21)
and, decreasing (ites.E. fig. 2p speed' are
also located on thed control panel (see fig.
21). A 1-hp-geared head motor with an output
speed of 350 rpm is mounted to the frame of the
prime -mover assembly and is connected to the

contrOl shaft of the main transmission. A mag-
netic brake is connected to a:1-hp control motor.
This brake stops the control motor the instant
either the INCREASE or DECREASE button
(items D and E of. fig. 21) for the main prime
mover is released.° When either of these buttons
is pressed, the magnetic brake releases,

7-5. Limit switches. Both the 5-hp start prime
Mover and the 75-hp main iiime mover are
equipped with limit-switch assemblies to control

their high-speed and low-speed limits through
their respective cOntrol motors. The ".
switch on the 5-hp p'rime mover oreak

the circuit to the 1/1 control motor when the
output speed has reached a preset maximuM. The,,
low-limit switch is set to break the circuit to

the 1-hp control motor when the maximum or
maximufn speed has been reached on-that, unit.

HydrauliC circuit. An oil reservoir with a
capacity of approximately 12 gallons is locateerbe-

hind the hy,draulic access door. This charge oil
reservoir is equipped with a sight gage or level

indicator (item C, fig. 21), which is viiible on

the hydraulic panel. A second reservoir for

preservative oil is located behind the first reser-
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A. HIGH-SPEED RPM INDICATOR
B. LOW-SPEED RPM INDICATOR
C. CHARGE OIL RESERVOIR OIL spa

GAGE

D. MAIN PRIME MOVER INCREASE
BUTTON

L MAIN PRIME MOVER DECREASE
BUTTON

Figure 21. MC-2 test stand.

voir, and is equipped with a sight gage.(item B,
fig. 22), which is visible at the drive mounting
end of the test stand (fig. 22). As various trans-
missions require different oil-in temperatures, 'an
electric heater, controlled through a "Mercoid"
switch temperature controller, is located in the
hydraulic -circuit betiieen the pil cooler and the
reservoir. The temperature controller range is
from 300 to 120° C. Another temperature con-
troller (item A. fig. 22), mounted on the center
dividing panel behind the hydraulic control panel,
causes the test stand to shutdown if the oil in
the reservoir becomes too hot. Oil in the hy-
draulic circuit travels from the oil reservoir
through the flow indicator oil input valve and
charge oil filter to the dual quick disconnects
marked OIL FROM RESERVOIR (item C, fig.
,22) After passing through the transmission, oil
travels from the dual quick disconnect marked
OIL RETURN (item D, fig. 22), through the
scavenge oil filter, oil-out, valve, oil cooler, oil,
heater, and flow indicator, back to the reservoir.
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F. STMT PRIME MOVER DECREASE BUTTON
G. START PRIME MOVER INCREASE BUTTON
H. SYNCHRONIZING LIGHTS

7-7. Control console. All the components of
the test stands are accessible for maintenance and
adjustment through the doors and the removable
panels. The controls and instrumentation on the
pontrol console are arranged on two doors and
one panel, as shown previously in figure 21. They
are a 400-Hz ac control door, 60-Hz ac and
speed control door, and hydriulic panel. A
chronotachometer containing two rpm inaicators,
two revolution counters, and a minute counter
is located on the 60-Hz ac and speed control
door. .

7-8. Adapter kits. Before using the field test
stand for testing an aircraft system, the proper
adapter kit must be installed. There is a different
adapteLkit for each system. You find instruc-
tions for installing the various adapter kits, as
well as for mounting transmissions and ac gen-
erators, in the applicable technical order. All
wiring harnesses and other components necessary
for adapting the test stand to an aircraft system
are included in each kit.
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7-9. Operation. Always refer to the applicable
technical order for operating.instructions. When
the 5-hp unit "start" prime mover produces mini-
mum acceleration, then the .75-hp uhit ;!run"
prime mover may be engaged. There will be an
immediate speed increase to approximately 2000
rpm on the low-speed rpm indicator (item B, fig.
21) on the chronotachometer, and to 2440 rpm
on the high-speed head, as shown by the high-
speed rpm indicator (item A, fig. 21). The 75-
hp INCREASFabutton (item D, fig. 21) may
then be used to bring the steed of the prime.
mover to the desired rpm. 1

7-10, When the prime mover speed has
reached the minirnum rpm 'necessary for 'the os-
tem being tested, the ac generator may be ex-
cited. Exciting the ac generator iutomaiically
laces the ac generator on the bus for some ap-
lications. When this is .the.cdse, the LOWER

:

two synchronizing' lights (item H. fig. 21) will
come on with a biiglit .steady light, and ,the top
synchronizinglight will not light. If all the syn-
chronizing lights begin flashing on and off in
rotation, 'it indicates that-the ac generator is ex-
dited but not on the bus. Pressing the MANUAL
C-B CLOSE button will place the ac generator on

'the bus. A load bank 'connected to the bus will
check the ac generator under load: Normally, a
load bank is not provided with the field test

stand or with the adapter kits.
7-II:An A-1 load bank is used with the

MC-2 test. stand. The load bank provides all of,
the necessary loads to test ac generators. At this
point we will.discuss the A-1 load bank.

8. The.A-1 Load Bank-Tester
8-1. This tester is primarily designed to pro-

vide ,a means for load testing aircraft type four

t 4

A. OVER TEMPERATURE CUTOFF
5. PRESERVATIVE OIL RESERVOIR SIGHT

GAGE

C. OIL FROM RESERVOIR QUICK
DISCONNECT AND HOSE

Aims_

4301 10 7 40

D. OIL RETURN QUICK DISCONNECT AND
HOSE

41F

Figure 22. MC-2 test stand mounting end.
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wire ae generators with a 120/208 .volt, three-
phase, 400 Hz rating. The load bank is fully
equipped to apply eitker resistive loads up to 60
kw or reactive loads up to 40 KVAR, as required
by the test specifications of the manufacturer.
The complete- dssembly consists primarily of an
all-steel housing into which are assembled all com-
ponents required by-the load bank assembly for
carrying out required tests. Instrumentation, con-
nection, and controls are conveniently grouped on
a common instrument panel within easy reach
when you are standing, in a normal position in
front of the unit. The entire unit has been de-
signed to fit on the bed of a type K-1 trailer.

8-2. Circuit. The tester consists of a number
of electrical components whose functions are di-
rectly related and closely coordinated. , The en-
tire electrical supply is from the ac generator
under test, and no .external source of power is

A

.1 I

22

required. We will discuss the circuit as a series dk
of subcircuits for the sake of clarity. In the
followiniparagraphs, refer to figure 23 for refer-
ence to items.

Reactive Load. The loading circuit is

based on three-phase operation, with each phase
individualli loaded. Since the n'ormal operational
load of the test component probably never will
be purely resistive, means are provided to apply
a total reactive load up to 40 KVAR, The load
is variable to .13.3 KVAR in each of the three
legs. When the four leads, from an ac generator
are connected to the terminal points T1, T2, T3,

.and '.11 (item A), the power is applied to a re-
active loa& composed of three coils (saturable
reactors). Each phase is loaded independently
from the front panel by means of three rheostats
(item B) which shunt the reactors and control the
reactors. Three variable wire-wound resistors are

rtrmails,,4-,
a I

'te-siccrr-x,

!B!reff _..erlif
. '..:
,

0 0

A. TI. T2, T3 AND N TERMINAL POSTS
I. REACTOR LOAD-CONTROL RHEOSTATS
C. AMMETER RANGE SELECTOR SWITCH
D. WATTMETER RANGE SELECTOR

SWITCH

B C D
E. RESISTIVE LOAD CONTROL RHEOSTAT
P. 'RESISTIVE LOAD CONTROL RHEOSTATS

G. POWER FACTOR METER

Figure 23.
A

A-1 load bank.
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preset at the factory and are locked in place.
they provide a means for making calibration
adjustments in the circuit. To insurelhat there
.will be no current- flow in the circuit under no-
load conditiogs, the lines from the load coils are
opened by means of switches which deenergize
their relays. The three switches are actuated by

: the loading controls. When pure reactive loads
are desirable, all of the resistive loading switches
must be in the OFF position. On the other hand,
to obtain a pure resistive load, the reactive load-
ing controls must be in the OFF position.

8-4. Resisthv Load. The three phases of the
ac generator may be worked into a purely re-
sistive load. The load is variable up to 60 kw
with 20-kw in each phase.. The loading of each.
phase is completely independent of the other two
phases. The load for each phase consists of a
parallel network of resistors which is identical to.
the network for the other two phases. The net-
works are physically mounted on two resistor
banks, but electrically they appear as the resistive
loads. Each network covists of eight resistive
steps connected in parallel across thb line and
neutral busses and put into the circuit by the
appropriate snap-action loading switch for its re-
spective qop. The eight resistive loading switches
(item F) of each leg are identical to the load
switch, a single-pole, single-throw switCh. A
rheostat resistive load control, Qtem E) in series
with a resistor section, permits a variable 0-.4
kw load to be placed on the ac generator by -
the 0-.4 kw load switch. A resistor section and
its switch permit a fixed 0.-4 kw load on the ac
generator. Each of the resistor sections Places a
0.8 kw load on the test unit when its respective
switch is closed. Similarly, four switches add' ad-
ditional load increments of 1.6 kw, 3.2 kw, and
6.4 kw when closed, by placing resistor sections
respectively in the load circbit. The other two
load networks are identical sand permit independ-
ent loading of each phase-from 9 to 20 kw, and
also permit a balanced three-phase load from

to'60 kw.
8-5. Ammeter Circuit. The ammeter circuit

provides you with a means for measuring the cur-
rent flow in each of three phases and consists
primarily of the ammeter (item I), the three-
section range selector switch (item C), the
PHASE SELECTOR switch, and three current
transformers.

8-6. The ammeter is normally shorted out of
the circuit until the range selector switch has been
moved to the maximum range position; there the
switch is closed, energizing the two-section-relay,
which opens the short across the ammeter and
also doses a holding contact that keeps the sole-
noid energized after the range switch is moved
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to the lower ranges. The range selector switch
.is a three-pole, five-position, heavy-duty, rotary-
tyPe industrial switch which varies the ?rimary'
winding of the three current transformers. The
secondary. windings of the current transformers
are applied to the PHA.SE SEEECTOR switch
which controls the phase input to the ammeter.

8-7. Wattmeter Circuit. The wattmeter circuit
provides a means for measuring the power pro-
duced by the .ac generator. Thecircuit consists
of three current 'transformers, a wattmeter range
selector switcli, (item D), a wattmeter (item H),
a WATT-VARS switch, a phase shift transformer.
and .a reiistance box. The current coils of the
wattmeter are, normally shorted out of -the circuit
until the selector switch has been moved to the
-HIGH-AANGE position. In this position the
switch is closed, energizing the four-section sole-
noid which opens the three shorting lines across
the current section of the wattmeter. The con-
tacts of the fourth set are used a's holding con-
tacts to keep the solenoid energized after the
selector switch has been moved 'to a lower range.
When you press the WATT-VARS selector switch
to the VARS position, the phase-shift transformer
will be placed in the voltage leads to the watt-
meter so that the reading of the meter is reactive'
volt-amperes rather than watts.

8-8. Voltmeter Circuit. A voltmeter circuit is
provided so that the line-to-line and the phase
voltages can be measured. It consists of a volt-
meter (item J), a selectbr switch, and a multi-
plier. The seledtor switch is a three-pole, six-
position rotary-type, which connects the'voltmeter
across the potential to be measured. 'In measur-
ing the line-to-line potential, the switch puts the
multiplier in series with the meter, while in
measuring the phase voltage, it shorts the multi-
plier out of the circuit. This provides automatic
ratige selection in the shifting from Phase voltage
measurements to line-to-line voltage measure-
ments.

8-9. Power Factor Meter Circuit. The power
factor meter circuit provides you with a means
for'measuring the amount of phase shift between
the line voltage and the line current. The circuit
consists of the power factor meter (item G), and
voltage-dropping resistor box.. The input to the
meter is the line-to-line voltage and the current
flow ,in one leg of the input of the ac generator
to the test unit; therefore. its readings are ac-
curate only with a balanced load.'

8-10. Ventilating Fan Circuit. Fans are pro-
vided to prevent overheating of the load bank
components during tests. The circuit consist of
the.cooling fans, a manual thermostat switch, two
condensers, and the thermostats. The thermo-
stats are normally open, maintaining an open
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supply circuit to the Pans. When the temperature
within the cabinet has reached 32.2° C. (90° F.),
the thermostats close, and the direct current po-

, tential from a dry disc rectifier is placed across
the fans. The thermostat switch permits you to
short out the thermostats when the cabinet tem-
perature fluctuates rapidly around the set point of
the thermostats and results in erratic and intermit-
tent operation of the fans. The fans operate
continuously when this switch is closed. The
capacitors suppress arcing at the thermostat con-
tact points.

8-11. Control Supply Circuit. The dry' sclii7c7
rectifier supplies the dc power needed to, operate
the control circuit. This circuit provides both the ,
power used in varying the reactive load on the ac
generator and the power for the various relays.
Each of the saturable reactors used to load the
ac generator consist of a loading Coil and a con-
trol coil, closely coupled by a core element. The
flow of dc current through the- control coil will
vary the test load being applied to the ac gene-
rator. The use of rheostat in series with the
control coil permit you to vary at will the
reactance in any leg of the load bank. The hold-
ing leg of the load coils are energized by toggle
switches so mounted on the rheostat that in the
OFF position the respective relays are deener-
gized and the contacts open the leading coil cir-
cuits.

8-12. Connections. The instrument panel is
equipped with eight terminal posts to permit you
to make connections with the ac generator to be
tested and to permit the connection of an ex-
terpal lead when necessary. The connections
froni the ,ac generator are' to the input terminal
posts T1, T2, 13, and N. Since tbe ac generator
is a "Y" or star type, the N post is. the neutral
or ground wire and is grounded to the cabinet,
assembly ground connection within the load bank.
The external load terminal "posts 1, 2, 3, and N
permit you to connect- an external lead to the
ac generator while using the load bank instru-
ments for measuring the performance of the ac
generator and the load applied. Always refer to
the applicable technical order for operation in-
structions. Never attempt to make connections to
an ac generator or to a load bank terminal while
the ac generator is in operation. Never touch
any terminal posts with the ac generator in opera-
tion.

9, L-1A Inverter Test Stand
9-1. Up to this point we have been talking

about equipment that is used to test aircraft gen-
erator systems. The next tester to be examined
is the L-1A inverter test stand. In the present
day Air Force, the inverter has been taking a
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backseat to the ac generator in the production
of ac power. The responsibility del4fated to the
inverter is now one ocemergency ac power pro-
duction. This means, that when needed, it

necessary for the inverter to work properly. Ir-
regular working conditions such as these make
the teSting of the inverter a very important phase
of maintaining the system. The tester shotild
indicate the weak areas in the inverter, plus,
determine malfunctions when the component is
inoperative. Testing of the inverter before and
after repair minimizes component failure after the
item has been installed on the aircraft.

9-2. You use the L-1A imertcr test stand to
,test inverters up to a maximum output of 2500
volt-amperes at a unit power factor. You accom-
plish this testing by measuring the input voltage
and current and the output voltage, current, and
frequency of the inverter under test.

9-3. Desciiption. The L-1A is a compact
tester which requires a 5-KW voltage source of
dc power to test all inverters up to, and including
those with a 2500 volt-ampere output. The
tester consists of a panel assembly mounted on
the front of the cabinet assembly, a .ioad bank
mountei in the rear of the cabinet assembly, and
storage compartment for the cable set assemblies.
Meters- and control switches are mounted on the
panel assembly for checking the dc input voltage
and current and the ac output voltage, current,
and frequency.

9-4. Operation. The tester is designed so that
any inverter, either single-phase or three-phase
delta output may be connected by means of a
suitable cable set. There is a "live circuit" which
supplies current to,the filament heaters of tubes
used in-the control circuits of some inverters. This
circuit provides' a means of automatically apply-
ing power to the tube heaters before the dc
power switch is turned ON. Thus, the inverter
is protected at all times.

9-5. Yoti should check the test stand to insure
that all switches are in the OFF position. Select
the proper cable set and connect the irwerter to
the tester. With the dc ammeter range switch
in the START position and the dc power switch
ON, the inverger should, run. 'The dc ammeter
range switch can then be rotated to the desired
range and the voltage and current draw of the
inverter will be indicated on the dc meters. Con-
duct .all tests while making constant reference to
the technical order on the specific, inverter being
tested. Position both the dc ammeter range, switch
and the ac ammeter range switch to a range
higher than encountered by normal current flow
before applying a load to the inverter. The load
switch is awn positioned to either the ONE-
PHASE or THREE-PHASE position. You ap-
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ply a load to the inverter by rotating the load
control knob in a clockwise direction. To obtain
voltage,and current readings on a single-phase in-
Verter, place the volts/amps switch in the N posi-
tion. You obtain the output phase readings for
a three-phase inverter by placing the switch in
either the "A", ".13", or "C" position.

9;6. The output voltage, current, and fre-
quency must be within limits under varying loads
as prescribed iq,the technical order. When you
complete the test, return all switches to the OFF
position and disconnect the inverter from the
tester.

10. Component Testing
10-1. In this chapter we have discussed the

various items of4test equipment available to the
electrician for testing ac power system compo-
nents. This discussion did not include detailed
operation of the test ,equipment, nor will our dis-

ctAsion in Chapter 3 of component testing in-
clude the detailed procedures for performing each
test. Rather, it will deal with the general require-

..Fents for component testing.
\ 10-2': The biggest single factor to consider
when a system malfunction is reported is com-
ponent operation. In most cases, when a compo-
nent is suspected of malfunction, it must be re-

, moved from the aircraft and sent to the shop for
testing. You may do the testing yourself, or the
shop may have a designated individual to per-
form the required tests. In either case, you should
be aware of the test requirements. At this point,
let us discuss these requirements.

10-3. Test Requirements. Stated simply, the
requirements for testing a component are de-
termined by the function or functions that it must
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perform when installed in a complete system. In
other words, if a component such as a generator
is required to provide a given output under vari-
ous speed and load conditions, this then deter-
mines the test requirements for that generator.
The basic rating of the' generator determines how
much load and at what speed the generator will
carry it. However, the technical order for the
generator being tested specifies the specific re-
quivnikents with respect to the speed and load
conditions, the type of test stand that should be
used, and the cooling requirements while the gen-
erator is under test. You find, and may use,
suggested test data sheets in the technical order
for recording the tests. You may also use similar
data sheets provided .data can be recorded as
specified in the tests. Under no condition should
you perforn\ a functional test on a system com-
ponent with ut referring to the applicable tech-
nical order.

10-4. Testing. Selection on your part of the
proper test equipment is a must for the testing
of aircraft ac power system components. The
testing procedure is an exacting groce.ks and must
duplicate the exact operating characinristics to
be found on the aircraft.

10-5. A complete functional teSt is required
any time a unit has been overhauled, suspected
of malfunction, or before and after repair. If for
any reason you stop a functional test before it is
completed, you 'mist repeat the full 'sequence.

10-6. An important part of testing is the minor
adjustment iif the various components during the
test. If for any reason timing functions are not
correct, or voltage reads high or low, take im-
mediate steps to correct these conditions before
going on with the test.
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CHAPTER 3

- DC Generator System

IN THIS CHAPTER we will discuss dc gen,
erator systems. The information, you learn

from this chapter will be of great value to you
when performing everyday duties as an electri-
cian. You should always refer to the proper tech-
nical order for a particular generator system.
However, this discussion will provide you with
the background knowledge required to trouble-
shoot, test and maintain any generator system.
A typical generator system will,,consist of a gen-
erator. voltage regulator, overvoltage relay, field
control relay, and reverse current relay. These
are the components we wilt discuss at this time.

11. DE Generator
a , 11-1. The operation of most electrically oper-

ated equipment in an aircraft depends, upon

. energy supplied by a generator. A generator is
a machine that converts mechanical energy into
electrical energy by electromagnetic induction. In
aircraft using dc electrical systems, you will find
one or more dc generators supplying this power.
Before we get too far, let's start with a quick
review of the operating principles of a generator.

11-2. Yunple Generator. You should remem-
ber from Tech School 'and the review in Volume
1 that when there, is relative motion between a
conductor and a magnetic field thereOs a voltage
induced in the conductor. With this in mind, we

'will look at a simple generator.
11-3. The simplest geRerator field is built like

the drawing in figure 24. Two electromagnets are
mounted in a circular iron frame called a yoke.
These electromagnets are wound so as to produce
opposite polarity. Notice how the magnetic cir-
cuit is entirely in iron except at the center, be-
tween the poles. This area between the pole
pieces is the only part of the field outside the
iron.

11-4. The yoke, its pole pieces, windings, and
the field produced are the primary circuit. The
secondary circuit is a coil wound on an iron core.
The coil and the core are mounted on a shaft and

..
,..
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the assembly is called the armature. Figure 25
shows a typical armature. To make the generator
complete, the armature fits into the arca between
the pole'pieces. The yoke of the generatOr stands
still and thus the field of flux is steady and sta-
tionary. The armature shaft is rotated by a source
of mechanical power and, as the armature is ro-
tated, the conductors of the coil cut through the
magnetic field flux. In the simplest as well as
in the most complex systems, armature conductors
cutting flux produce an induced voltage. As you
know, rotating coils produce alternating voltage.
This will never work because we wanted dc.
What shall we do then? . 0. . We should not
forget.one more part of the armature, the com-
mutator. This changes the ac produced by the
rotating coils to dc which is delivered to the
generator terminals. Now that you have reviewed
the construction of a simple generator let's move
on to more Complicated ones.

11-5. Generator Types and Field Distortion.
Generators are normally classed two ways. First
by means of excitation and second by the rela-
tionship of the field winding to the armature.
As to excitation, they are either excited ex-
ternally or they are self-excited. This last class
will be our point of discussion..

11-6. All generators employed on aircraft are
known as self-excited generators. In any type
of self-excited generator, successful operation de-
pends upon the retention of a small amount of
magnetism in the iron pole pieces, even when
no current is flowing- in the field coils. This is
called residual magnetism. With residual magne-
tism available, the armature, when rotating, cuts
a few lines of force and induces a small voltage
in the armature windings. If this voltage were
applied to the generator coils, it would cause ,a
current to flow in those field viiiidings, which, in
turn, would build up the strength of. the mag-
netic field within the generator. The increased
field strength, in turn, results in a higher voltage,
and this results in an increased current flow
through the field coils. This process is called

,
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9.

self-excitation, as no outside source of ehergy is

used to crtate the magnetic field.
11-7. The second classification we mentioned

was the relationship.of the armature to the field
windings. In this classification we will discuss
(1) series-wound (2) shunt-wound, and (3) \--
compound-wound.

11-8. Series-wound. genetitztor. In the series-
wound generator, the field coils are connected
in series with the armature. The current in the
load, which is connected externally, also flows
Through the field coils. Since the magnetic field
strength is proportional to the load current, a
varying load would result in a varying output
voltage. In other words, as the load increases
the terminal voltage increases, and as the load
decreases the terminal voltage decreases. Be-
cause the electrical and electronic equipment in-
stalled in aircraft requires a constant voltage,
the series-wound generatog cannot be used.

11-9. Shunt-wound generator. A shunt-wound
generator is one that has its field coils connected
in parallel with the armature terminals. The
shunt-wound generator produces the greatest
terminal voltage under no-load conditions. As the
load increases, more current flows through the
load and ,less through' the field; and the terminal
voltage decreases.

11-10. Let's discuss why this undesirable con-
dition occurs. The output voltage under load is
equal to the no-load terminal voltage liess the volt-
age drop across the armature. As the load
increases., greater cUrrent flows lhrough the ex-
ternal load and the armature. This greater cur-
rent through the armature increases the voltage
(IR) drop across the armaiure and reduces the
terminal voltage. The reason is that a larger
quantity is subtracted from the no-load termidal
voltage and the difference or - terminal voltage
under load is decreased. This., smaller voltage

Figure 24.

POLE
ISHOE

423)(1711

Generator magnetic circuit.
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Figure 25. Generator armature. jsends...less current through the field, and the e-

suiting decreased magnetic field strength reduce
\

the output voltage.
11-11. Compound-wound generator. A com-

pound-wound generator has both a series field
and a shunt field. The shunt field coils are con-
nected across the armature, as in the shunt-wthind
generator previously discussed. The series wind-
ing is connected in series with the load. The
series windings are wound onto the pole piece.
so that the magnetic flux they produce is added
to the flux produced by the shunt winding. There-
fote, since the,series field is in series with the
load, the same amount of current flows in the
load circuit as in the series field windings. When
the load increases, more current flows through
the series field-windings, causing an increase in

strength of the field in which the qpnature
rotaiés. This action tends to increase the gener-
ator output. The shunt winding acts as it does
in a regular shunt-wound generator; i.e., the
terminal voltage tends to decreaie as each load
increases; the two - actions are opposite in effect
and the terminal voltage remains the same. This
is exactly what you are lookIng. for ii a gen-
erator. In almost every ase where a constant
voltage under varying l ds is needed, you will
find a compound-woupd generator used.

11-12. Field distaftiod: Now, let's discUsd
armature reactance, because it plays a large role
in determining the output of all dc genefators.

11-13. In a elc "generator, the current sowing
through the armature sets up a magnetie field
abouf the armature windings. This magnetic field
tends, to distort or bend the magnetic flux be-

'tweert. the" poles of the generator. Since the
armature ourrent naturally, increases with load,
this distortion becomes more pronounced as the
load increases. In this, event, a voltage is induced
into the shorted windings and considerable spark-
ing takes place between the brushes and the corn-

292 .

4



mutator segments. 'Tins excessive sparking- not
only hums and pits the commutator, but it causes
excessive wear on the- brushes themselves. Since
this is an undesirable condition, let's discuss the
most common methods of reducing excessive
brush sparking.

t 1-14. One method of reducing field distor-
tion is by adding interpoles to`the generator. An
interpole is a pole placed between the main poles.
It has the same polarity as the next main pole
in the direction of armatbre rotation. The mag-
netic flux produced by an interpole cancels out
the emf of self-induction in the armature as each
armatup winding passes under the interpole.
This means that armature reaction is lessened
considerably.

11-15. Another means ,of reducing armature
reaction is provided by the slotted, pole pieces.
A slotted pole piece is nothing more than a series
of slots, or airgaps, cut in the face of each pole
so that more iron is replaced by air, with the
result that the-effects of the armature magnetic

field are weaken d. The main magnetic field is
not weakened. ince the armature flux cannot
avoid the airspa s, it is weakened to the point
that it scarcely terferes with communication.

11-16. Still' another method of reducing anna-
ture reaction is through the use of laminated pole
tips. A laminated pole tip is one in which every
other lamination is reversed, leaving a series of
airgaps on the tips of each pole. By reducing
the amount of iron at the tips of the poles, a
concentration of flux at the pole tips is prevented,
thus reducing distortion.

11-17. The, last method we discuss is that of
using compensating windings to reduce armature
reaction and the effects of self-induction. The
conipensating windings are placed iso that they
overla0-4e mai® poles and are in series with the
armature. You already know that when the load
current ts increased, the armature fluX also in-
creases. Since the compensatipg windings are in
series with the armatiire, theY, produce a flux that
is -opposite to the armature 'flux; therefore, the
restilt is almost complete cancellation.

11-18. Now that you 'have refreshed your
,,,niemory as to the operating principles of dc gen-
"--trators, let's turn our discussion to the mainte-
nance you wi be performing On dc generators.

11=19. General Maintenance Requirements.
When you are working at maintenance levels
where generators are disassembled, you may per-
form various electrical tests on the components
of each generator to determine their servicea-
bility. For the exast measurements of compo-
nents on a particular generator refer to the
Overhaul Instructions technical order for that
particular generator.
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11-20: Commutator. The commutator is con:
structed of a large number Of individual copper
segments., each of which is electrically insulated
from the others and from the other parts of the
armature by mica insulation. After the com-
pleted armature is assembled, it is placed in a
machinist's lathe,* and a skilled machinist turns
the commutator to a prescribed outside diame-
ter. This is a delicate job and one that requires
considerable skill in handling the lathe.

11-21. After the commutator has been ma-
chined to, the diameter preKribed by the overhaul
manual for that specific generator, the mica that
is between the segments must be undercut. This
work may be done by a mactlinist. As the brushes
wearsaway during the service life df the genera-
tor, rhe cabron dust may settle momentarily into
the spaces between the commutator segtnents;
and as the armature rotates, most o; this dust is
thrown out of the slots due to centrifugal force.
If oil or grease should get on the sur:fice of the
commutator, it might mix with the carbon dust
and cause it to collect and stick in the slots' be-
tween segments. If this condition did occur, the
carbpn dust particles might adhere to the walls
ofMehslots so that eventually a short circuit
would develop between the various commutator
segments. This short-circuited Condition would

4

Figure 26. Checking prush springs.
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commutator, and consequently, increases the

wear on tre. b5ushes, whereas too little contact
pressure may lead to jumping brushes with poor
output and the possibility of burning and damag-

e ing the commutator.
11-24. When you lift the brush springs to re-

move the brushes for inspection, use a small hook
made from a piece of wire instead of your finger
(see fig. 27). This prevents%the possibility of the
spring slipping from your grasp and parnming
down againq 'the brush, which could cause the
brush to crack, chip, or otherwise be made unfit

, for further use.
11-25. As you remove each brush from its

- holder, examine it carefully for cleanliness and

length. Examine the contact face 'for correct
seating on the commutator. If the brushes or the

, brush holders need cleaning, wipe them with a
cloth moistened with an approved cleaning sol-
vent. Never immerse carbon brushes in cleaning
solvent. .

11-267. The lenith of the new brushes varies
from manufacturer to manufacturer; so does the
method of measuring the length of the generator
brushes. There are as many different , minimum

I 1 gths of brushes as there are generators, so
-. y u must look in tedinical orders for the mini-

mum length for a particular generator. After
some experience, you learn approximately how
much the brushes wear Wween inspections, and
then you are prepared to change the brushes
before they reach their minimum lengths.' --

li-27. The correct seating of the brushes on
the commutator is very important. and you can

..

,

I. Figure 27. Removing brushes.
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cause the output voltage of, the generator to be
adversely affected,

11-22. You are familiar with the color of a
new catpper penny, and that is what you may
expect the copper commutator to look like at all

times. However', this is not correct. Due to the
oxidation of the copper and operation in cooact
with the carbon brushes, the color of a normally
operating commutator is a chocolate brown. Any
burnt spotsaiong the side of the commutator
hment indicate that some brushes are not prop-
erly fitted to the commutator or that trouble is
about to develoh. You may remove burned spots
by placing a .strip of sandpaper the width of the
commutators with the sanded side down,laround
the commutator, and sliding it back and forth.
Take care not to Work sq long on a burned spot
as to cause the surface lo develop a flat spot.
Nter you complete the operation, direct an air-
stream through the brtish assembly to remove
anyl2ose abrasive or carbon dust.

11-23. 'Brushes. A spring device holds each
brush in contact with the commutator. You

should check the brush spring pressure periodi-

cally in accordance with instructions contained, in
the applicable TO on the generator, Figure 26
shows you how to check the tension, tksing a

small sprit* scale normally 'included in your
electrician service tools. The proper time fo read
the scale is when the spGing lever ig about one-
sixteenth of an inch off the brush. You will

for each particular generator from texPPertinent
have to make certain of the exact sp ressure

technical order. Too much spring ,pressure in-.
creases the friction between the brushes ankthe
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1.

,
readily check this,by looking at the contact face
of the brush. Properly seated brushes should
show conta'ct 100 percent across the brush thick-
nds for at least 70 percent of the brush width,
as shown in figure 28, item A. In figure 28 the
solid black areas represent noncontact areas, and
the portion of the 'brush contact face that is

shown with !telt lines, represents the area of the
brush that is in- aitact with the commutator.
Figure 28, item B, shows the end view of a new
brush which must be seated to the commutator
after installation. Figure 28, "item C, yhows a
brush that is showing 100.percent contact across
both the thickness and the width of the brush,
which is a highly desirable condition. Items D
and E of figure 28 show brushes that are making
100 percent contact across the brush thickness for
at least 70 percent of the brush width. Items. F
and G of figure 28 depict conditions which are
not acceptable because the brushes ate not mak-
ing 100 percent contact across the thickness of
the brush.

11-28. When new brushes are installed in a
gentrator at a factory or depot, they, are allowed
to run for up to 1 hour at no load and in this
Way, wear in by themselves. This cann arid
should not be done on generators that are
stalled" on aircraft, for the brushes may be called

S.
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Figure 28. Correct and incorrect brush fits.
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Figur 29. Seating brushes with sandpaper.

upon to conduct yfrent as soon as the generators'
start turning. Unless the brushes are properly
making cpntact with the commutator, serious arc-
ing might occur which could damage the coMmu-
tator.

Figilre 29 shoWs how a new unfitted
brush appears as it rides on the surface of the
cominutator, and directly opposite, hoV., a prop-
erly fitted brush appears. To achieve this effect,
when you install new brushes. place a strip of
Nr. 000 or Nr. 0000 sandpapei, the widtkof the
commutator, under the brush with the sanded
side 'next to the brush. ,and then withdraw it from
under the_ brush in the normal direction of rota-
tion 'of the arihature. Do not use-, emery paikr
or crocus cloth for this operation, ,for they dre
metallic materials ,:and should particles of 'the
material become imbedded in the brush, arcing
and pitting of the commutator will, rep.lL Do
not slide the sandpaper back and forth under the
brush. After you have withdrawn the, sandpaper.
lift the brush from the commutator and reinsert
the sandpaper _under the brush. 'As the brush is
again held against it, withdraw the sandpaper in
the normal direction of rotation, continue this
process, until the brush fit meets the minimum
requirement of 100 percent contact of the brush
thickness for at least 70 percent of the width of
the brush. After you have completed this proce-
Clure, normal generator operation will complete
the operation of fitting the brushes to the commu-
tator.

. 11-30. Armature tests. The first of the three
electrical tests for the armature is the check for
grounds. On all of the concliictors use() in the
armature, the only insulation used is a baked
coating of insulating' varnish. If this insulating
varnish should chip or otherwise be worn away,
there is a possibifity that one or more of the
armature conductors may ,be touching some part
of the iron core of the armature. This test is also
a check of the insulating value of the mica be-
tween the commutator segments and the main
body of iron of the armature assembly. This

2 9 5
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Figure 30. Checking armature assembly for grounds.

Check is called a high-potential test, in that a
110-volt or a 220-volt ac est lamp is used.
Place one' of the test lamp leads on the armature
shaft (see fig. 30) and the other lead on the
commutator -riser.' Now move the lead that
is totlhing the commutator back and forth
to make contact with several segments. If the
test lamp lights, there is 'a ground, and the arma-

1ure assembly must be discarded. Because of the
method used in' winding armatures, you do not
necessarily have to p5rform this check around
the full circumference of the commutator; for if
any.one conductor of the armature winding is
grounded, a circuit Lill be corlipleted for the
test lamp.

11-31. The second check is the growler. or the
short-circuit check. The typical growler (sge fig.
31) consists \of a laminated U-shaped soft iron
core with the open ends upward and an electri-
cal winding that is normally inclosed within the
base of the unit. A growler operates only when
connected to a source of alternating current. The,
unit is so constructed that when an armature is

placed within the open ends of the electromag-
net, a vibration is caused between the armature
core and the growler poles. which results in a
buzzing or a growling noise. This noise is no -in-
dication of the general condition of the armature.
for every armature, good or bad, will have the
growling sound when placed on the unit with the
electrical circuit completed.

11-32. The combination of an armature and a
,growler is similar tser a transformer; the core of
the armature in contact with the pole pieces of
the growler forms an all-metal path for the mag-

(9
netic circuit. 'the windifig of the growler be-
comes the primary of the transformer, and the
winding of the armature becomes the secondary,
in which a voltage is induc by the alternating
action of the magnetic field developed in the iron
core.

11-33. To check an armaturfor short circuits'
(see fig. 31), hold a piece dra broken hacksaw
blade loosely on the top of the armature and
slowly move it all the way arord the armature,
turning the armature assembly on the growler as
required., Normally there is a voltage developed
in the windings of the armature, but incause of
its construction, no current will be flowing within
the armature. If the hacksaw blade should be
attracted to the armature at any point and buzzes,
it indicates that there is a current flowing kthe
conductors that- are beneath the bladF, and there-
fore a short circuit mu
ture. If there is a sho

exist within the arma-
circuit, the armature as-

sembly must be disca ded, unless the trouble is
due to solder that is briding between commutator
risers. This trouble is usually reparable.

11-34. You can safely perform the third and
final check on armatures only after the previous
two tests have revealed no 4bubles. The check
for open circuits in an armature can be made in
two ways; (1) with the ac ammeter on, the
growler/and (2) with a hacksaw blade.

CSC till

Figure 31. Checking armature assembly for short
circuits.
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11-35. To check the armature for open cir-

cuits with the ammeter on the growler, place the
armature on the growler and turn it on. Adjust
tke contact fingers until they touch the adjacent,
selments on the commutator. Rotate the arma-
ture and continue the test by placing the contact
fingers on each succeeding pair of segments. The
ammeter will register zero if the armature con-
tains an open winding when the contact fingers

:are placed on the segments connected to that
winding. If the armature is functional the am-
meter will register a value as specified in the TO
for the generator armature being tested.

11-36. To check the armature for open cir-
cuits with a hacksaw blade, place the armature
on the growler end turn it on. Short circuit each
segment of the commutator with the adjacent seg-
ment using the saw blade as the armature i's ro-
tated. A strong flash or spark should be obtained
between each pair of adjacent segments if there
are no open coils in the armature. If no spark
is seen, the armature has an 'open coil.

11-37. If no reading on the ammeter is ob-
tained or no spark at the commutator is seen,
check the connections at the commutator riser for
security. If the trouble is not at the soldered
connection to the riser, the armature should be
discarded.

I10-220 volt
A-C source-- ¶

gsc 1232

Figure 32. Checking field assembly for grounds.
,

11-38. Field tests. First, give the field assem-
bly a high-potential test, using either i 110-volt
or a 220-volt test lamp. (See fig. 32.) Place,
one test lamp lead on an unpainted 'part of the
generator frame; then, touch the other lead to
each of the terminals A, B, D, and E. The
identification of all aircraft generator terminals is
standardized. The terhlinals are identified by
the letters 'A, B, D, and E, both for simplicity
and standardization. Terminal A is always the
shunt field terminal, tenninal B is always the
generator positive terminal, terminal D is always

,
the generator equilizer terminals (to be discussed
later), and terminal E is always the generator
negative terminaL If the lamp lights, there is a
ground in the circuit and the field assembly must
be discarded, unless the trouble is at the gen-
erator terminals and is reparable.

11-39. Next, check the shunt field circuit re-
, sistance with an ohmmeter. ($ee fig. 33.) To do

this, connect one ohmmeter lead to the E termi-
nal'and the other to the A terminal, as shown in
figure 33. The shunt field resistance varies from
generator model to model and between manufac-
turers. Therefore, you must obtain specific in-
formation for a particular generator from the ap-
plicable technical order. A resistance .lower than
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Figure 33. Shunt field resistance check.
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the thinimum specified- may indicate a short cir-
cuit in the shunt field, and a resistance higher
than the maximum allowable may indicate. an
open circuit or a loose connectioif. If the re-
sistance is too low or too high, you must discard
the field assembly, unless you can easily find the
trouble and can repair it.

12. DC Generator System Components
12-1. Now that you are familiar with the

characteristics of dc generators, it is only natural
that the next topic should be that of the various
control and protective devices that are in all dc
generator systems.

12-2. For many reasons, you must be familiar
with the operation and characteristics of these
components. For example, when troubleshooting
dc generator systems, -you must know how the
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A, CARBON STACK I. EQUALIZING COIL
B. INSULATING TUBE K. ADJUSTABLE CORE
C. CARBON.PILE HOUSING L. SPRINGS
D. ARMATURE ASSEMBLY M. BASE PLATE
E. COMPENSATING RING N. FIXED RESISTOR
F. SPACER 0. VARIABLE RESISTANCE

G. SOLENOID HOUSING P. ADJUSTING SCREW
H. VOLTAGE COIL

Figure 34. Schematic of carbon-pile voltage regulator.

various components function so that you can dis-
tinguish between troubles caused by the generator,
and those that are caused by the voltage reglila-:
tor or oilier controlling devices. Another reason
for learning about these components is that you
are required to overhaul or repair many of them.
Further, after you have performed the necessary
maintenance on these components, you will have
to bench test and calibrate them for proper op-
eration.

12-3. Most of the electrical equipment inotailed
in an aircraft is designed to operate normally
within a-specified range of oltages; variations
from these limits cauie an undesired change in
the characteristics of the equipment. If. for some
reason the generator were to produce an exces-
sively high voltage, much of the equipment in op-
eration at that time could burn out. To prevent
this from occurring, various control and protec-
tive devices are incorporated into the generator
circuits. These devices disconnect the generator
from the distribution system whenever the outputs
voltage rises above or below a predetermined'
value. The output of all dc generators used in
aircraft today is approximately 28 wits. The
amperage capacity varies from generator to gen-
erator, but the output even under full load is
always approxithately 28-volts dc.

12-4. Voltage Regulators. The purpose of the
voltage regtilator in a generator system is to main-
tain a constant output voltage under varying load
conditions. Of the many factors that determine
the output voltage of a generator, the only one
that is readily controllable is the magnetic field
strength of the field. The voltage regulator, then,
controls the output of the generator by controlling
the current through the field coils, and conse-
quently, the strength of the field. Although there
are max ways in which this can be done, the
most common method is to use 'a carbon-pile
type voltage regulator to control the current in
the field coils.

12-5. Carbon-pile voltage.reiulator. In yor
work as an aircraft electrician, you have no
doubt had many occasions to repair or adjust a
carbon-pile regulator. Nevertheless,. to refresh
your memory, let's start the discussibn with a
brief review of this voltage regulator.

12-6. As you know, aarbon is a conductor laf
electricity,. It is far from being a perfect conduc-
tor, but it has several electrical characteristics
that warrant its use. First, the more mechanical
pressure (compression) applied to a number of
carbon units in contact with each other, the less

- is the resistance of the group. As carbon units
are compressed, their oresistance decreases; and
conversely, as the mechanical pressure exerted
upon the assembly is relieved, their resistance in-
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creases. The carbon particles are always in Con-

tact witjne another, with the resistance-deter-
mining factor being the amount of compressive
force exerted 'upon them. The second all-impor-
tant characteristic is that the effect of increased
temperature upon carbon is the exact opposite
from the reaction of the other types of conduc-
tors previously discussed in this course. As the
temperature of copper, silver, and aluminum
increases, Jhe resistance of these metals goes up
also. B with carbon, as the temperature in-
creases, the resistance decreases.

12-7. The carbon-pile regulators presently used
in aircraft are manufactured by many companies
and may vary slightly in external appearance,
but mechanically and electrically they operate
alike. A detailed construction and wiring dia-
sram is shown in figure 34. In this type of regu-
lator, caron discs (a) are placed in an insulating
ceramic Mbe (b) inside of the carbon-pile hous-

'ing (c),)which is 4fitted with fins to radiate the
heat. prpuced as the current flows through the
resistan e of the stack. An electromagnet, con-
sisting bf a voltage coil (h) and an adjustable
core ), is located within the solenoid housing

tr (,,g) t.one end of the carbon stack. An, insulated
plat ? and, adjustable screw (p), which makes
co act with the carbon pile, is mounted on the
otjfr end of the carbon-pile housing. The other

ntact with the carbon pile is made through the
armature assembly (d). When the generator is
producing a voltage below that which the regula-
tor has been adjusted to m 'ntain, the springs
(I) exert a mechanical pressu Upon the discs,
lowering the stack resistance to lesser value.
This allows more current to flow- ugh the field
coils. Located under the springslsoa pacer (f),
yAich is installed by the Manufacture or over-

( haul activity, so as to place the armatur in the
'proper position. Because the resistance s the
carbon stack pries inversely with the temperat e,
to prevent any change in surrounding air te
perature from affecting the ,setting of the regu-
lator, a bimetallic cortpensating ring (e) is
situated, on top of the spacer and under the tip
of the springs (I) which are exerting mechanical
pressure on the carbon stack. As the temperature
of the suriounding air increases, the. compensat-
ing ring tends to flatten out and by so doing, de-
creases the mechanical 'pressure exerted upon the
stack. The resulting decrease s mechanical pres-
sure onthe carbon stack incre s the resistance
of the stack sufficiently to compen ate Alkthe de-
crease in resistance resulting from Vltreapd
surrounding air temperature,

12-8. The electrical circuits of the regulator are
all brought out from the base plate (m) through
which the circuits are, automatically completed
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when the regulator is installed in the standard,
Air Force voltage regulator base. Changes in the
voltage of the generator are applied to the volt-
age coil (h) through terminal B of the, base
plate, the Variable resistor, the fixed resistor, and
to ground through terminal G 'of the base plate.
The electromagnet .works in opposition to the
springs that tend to compress the carbon stack.
Therefore, as the voltage of the circuit increases,
the current flow through the voltage coil increases
and exerts more attraction,for the armature. Any
movement of the armature,, however slight., to-
ward the core of the electromagnet tends to in-
crease the resistance of the stack of carbon discs.
The field current of the generator has to flow
through the carbon stack from one end to -the
other, and thus current flow thr,ough the field coils
is controlled by the output voltage of the gen-
erator.

12-9. The fued resistof (n) in the electro
magnetic circuit is for the purpose of limiting
the current flow in the control circuit to ,a low
value, while the variable resistance (o) provides
a means of varying the resistance in the control
circuit,. and in this manner determines' the volt-
age which the regulator will maintain.

12-10. A glance at figure 34 4ows that there-4
is one more coil in the electrical circuit which
hasn't been mentioned before, and that is the
equalizer (i), which is connected between termi-
nals D and K of the base plata. The 'equalizer
circuit is wired into the circuit only in installa-
tions where two or more generators are being
operated it3 parallel to supply the electrical load.
We will discuss the equalizer circuit later in this
volume.

42-11. The only adjustment authorized on a'
voltage regulator outside of depor activities or
maintenance shops is the variable resistor. Turn-
ing this adjustment from one end of its travel to,
the other-should provide a voltage range of from
26 to 30 volts when the 'generator is operating
within its normal speed range and the regulator
s performing normally. Any time that the wily

e regulator does not automatically control
vo ge witiin th-0.25 volt of its setting through-
out e full-load capacity .19,f the generator, the
carbon discs are wearing or the regulator is in-
ternally g ut of adjustment.

12-12. I any modern voltage regulators re-
place the v. ;able rheostatorith a potentiometer,
which is 'used s both a control and protective
Circuit. Figure shows a. schematic of a car-
bon-pile reglilator' with a potentiometer. eNote
also that a stabilizing resistor, c, has been added.
If the moving contact burns off or is otherwise
damaged, current continues to flow in the volt-
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A. POTENTIOMETER
B. CARBON PILE
C. STABILIZING RESISTOR

D. VOLTAGE COIL
E. EQUALIZINGRESISTOR
F. FIXED RESISTOR

. Figure 35. Carbon-pile regulator with stabilizing resistor.

age coil circuit, but now it must flow through the
full resistance of the potentiometer. Because of
the added resistance in the control circuit, the
output voltage is higher than normal. However,
current is flowing in the voltage coil circuit, pre-
venting the carbon stack from going to a Mini-
mum resistance condition. This prevents the out-

'put voltage from reaching its maximum value,
reducing the possibility of damage 'to the genera-
tor, or of having an electrical fire.

12-13. The purpose of the stabilizing resistor
circuit is to,prevent the arcing which formerly
occurred between the discs of the carbon pile. If

all the lead is ;removed suddenly, the voltage
output of the generator rises above normal for a
brief instant. Thil high voltage being impressed
upon the voltage 4ontrol circuits causes *a higher
than normal current flow througH the voltage coil.
The resultant movement of the armature assembly
of the regulator is abrupt and may carise the
discs to separate completely. When this occurs,
the magnetic field surrounding the field coils

collapses and induces a voltage in the coils
(self-induction). 'This voltage tends taicontinue
the flow of current in the same directiOn and to
produce an arc between the discs. By having the
stabilizing resistor in the circuit, another path is
provided for this current in the event that the
discs, separate; thus the arcing tendency is elimi-
nated. This improvement greatly reduces damage
to the carbon pile and lengthens the service life
of the regulator.

12-14. Inspections. Normal operation of the
voltage regulator is accompanied by the radiation
of large amounts of heat from the regulator to
the surrounding air. You must take care to in-

.1'

sure that no item of your clothing or other ma-
terial is placed over the voltage regulator. This
would,restrict the free circulation of air over the
regulator and cause the operating temperature of
the carbon pile to increase. Prdviously, it was
mentioned that as the temperature of the carbon
in4reases, its physical resistance is decreased. For
this reasonl if the free circulation, of air about the
voltage regulator is restrictea, the voltage of the
system tends to rise above it normal level.

12-15. While you are inspecting voltage regu-
lators, always look under the regulator mounting
base and rembve' any loose nuts, bolts, or scraps
or wire that might be found there. Then, check
the shock mounts by which the regulator 'mount-
ing ?base is faitened to the aircraft structure for
any evidence of damage. , If it is necessary for
you to remove the regulator from the base, make
certain the generator is not running at the time;
otterwise, dangerous arcing occurs or the con:-
tacts on the voltage regulator base become dam-
aged. When you -are checking the operation of
the voltage regulator, you must use a precision
voltmeter. 'Allow the regulator to operate for at
least 15 minutes so that it reaches die proper
operating temperature.

12-16. When you are checking and adjusting
the voltage regulator, the positive lead of the
precision voltage meter is connected to B termi-
nal of the voltage regulator mounting base (with
the voltage regulator.mounted), and the negative
lead to ground. When the regulator warmup pe-
riod is completed and tile engine is eperating at
a speed established by 'the applicable TO, the
voltmeter should read 28 volts and should main-
tain that reading as an electrical load is applied
and removed frop the generator. There should
be only slight surges in voltage when large elec-
trical loakare applied to or removed from the
generator.

12-17. Generator Control Units. The earliest
type of generator control unit was simply a cut-
out consisting of two' coils. One coil became
energized when the generator output reached a
certain value and connected the generator to the
load. The other coil became energized when the
generator output became higher than al and
disconnected' the generator from thXd. As
generator systems became more sophisticated, it
became necessary to use_ controls of a more ad-
vanced type.

12-18. Reverse-current relays. With the advent
of gle generator voltage regulators that plugged
into a standard voltage regulator mounting base,
there appeared, an liclvanced type of cictout
known as a reverse-current relay. Reverse-cur-
rent relays.. RCR's) are' manufactured by sev-

.
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Internal circuits of differential voltage
reverse-current relay.

eral different companies, and some companies
produce many different models, of which only one
will be illustrated and explained here. This model
is generally referred to as a differentisal voltage
reverse-current relay.

12-19. The differential voltage-current relays
serve the following ,four main functions: (1) too
close the circuit between the generator and the
power distribution system when the generator
voltage is greater than the bUs voltage, (2) to

_open the circuit between the generator and the
distribution system whenever the bus voltage ex-,
ceeds the generator voltage, (3) to keep the
circuit open between the generator and the power
system in the event of reversed polarity of the
generator, and (4) to act as a remotely controlled
switch. It is referred to as a differential relay
because it operates on the difference between
generator and bus voltage, rather than as a fixed
relay that operates only when the generator volt-
age, reaches a specific value. Thieasic unit is
composed of three relays inside one case, the
wiring of which.ls shown schematically in figure
36. The relays ase designated as follows,: volt-
age relay, differtntial relay, and contactor relay.

12-20. For the RCR to close the cireuit from
the generator to the bus, the generator switch
must be in the closed position. (Refer to fig.
36.) When the generator potential reaches a
point between 20 and 24 volts, the current flow-

9Y
ing through the voltage relay coil (k) creates a
magnetic field that causes the voltage relay con-
tacts (j) to close. This voltage must be of the
correct polarity or the permanent magnet arma-
ture will not operate. With the closing of the
voltage relay contacts, a circuit is completed from
the GEN terminal to the BAT terminal by way of
the differential coil (I). This is not the main cur-
rent path through the relay. With a potential ont
the GEN terminal that is between 0.35 and 0.65
volt higher than that at the BAT terminal,
enough current flows through the differential
coil to displace the permanent magnetic anna7
ture add close the differential relay contacts (c).
The contactor coil is in this manner now con-
nected to the SW terminal, from which point the
circuik is completed back to the voltage source
(the enerator). The 20 or 24 yolts of the gen-
erator applied at the SW terminal causes the
main contactor coil to operate the movable core,
closing the main contactor points. This completes
the load-carrying circuit.

12-21. The main contactor points complete a
circuit between the BAT and GEN terminals.
When the generator potential is lower than the
battery voltage, current ordinarily flows from the
battery to thesenerator,, rapidly draining the bat-
tery. When the floW- of _reverse current reaches_.---.,"'"
a predetermined point betwe16dd-25n am-
peres, it overpower§ the magnetic effect of the
differential coil and reverses the polarity of the
differential relay electromagnet. This reversal
of polarity causes the differential relay contacts
to open, and thus, opens the contactor coil cir-.
cuit. The spring-loaded main contactor points
then open and interrupt the reverse flow of cur-
rent through the generator.

12-22. Overvoltage relay. In any generator
syStem there is always the possibility of excessive
voltages due to certain circuit malfunctions. If
this should occur, the overvoltage condition is

sensed ,by the overvoltage relay, which sends a
trip signal to the field control relay. The field
control relay then isolates the faulty-generator.

12-23. A typical schematic- diagram of the
overvoltage relay is shown in figure 37. Sensing
power is applied to terminal S of the relay. If
the generator output voltage exceeds a certain
value, the sensing power is strong enough to en-
ergize the relay through the ground, at, terminal
G. When the relay coil is energized, a circuit is
completed through contacts P and T. Terminal
P is connected to the aircraft' bus, and terminal T
is connected to the trip coil of the M-2 field
control relay. Completing(the circuit from P to T
effectively disconnects the generator from the
distribution system under overvoltage conditions.
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Figure 37. Overvoltage relay schematic.

12-24. Field control relay. The overvoltage
relay, just discussed protects all electrically op-
erated equipment from damage caused by exces-
sively`high voltages. A field control relay is used
to protect the generator and its associated wiring.
A schematic of a typical field control relay, type
M-2, is ,shown in figure 38. There .are two relays
inside the housing, the trip relay (A) and the

.,

t

reset relay (B), and ten sets of electrical con- .02
tacts, six of which are normally closed and the
remaining four normally open when the genera- .

tor system is operating normally. The relays used
in this unit are latch type units/ meaning that
once a relay is energized and the contacts moved
to a certain position, the contacts are meFhani-
cally held in that new position until the other
relay coil is energized.

12-25. The two relays actually work against
each other, the trip relay moving the normally
closed contacts to an open position and the nor-
mally open contacts to the closed position, while kl.

the reset relay reverses the contact positions again.
The resistor R-1 is connected into the circuit to
prevcnt damage to the trip coil that might other-
wise be caused by an overvoltage condition;
therefore, the resistor is connected in series with

-the trip coil. The second resistor, R-2 is con-
nected between termjpal H, which is connected
directly to the bus bar, and terminal N, which is
connected to the shunt field terminal of the gen-
erator. This resistor is installed for the express
purpose of keeping a positive voltage .applied to
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Figure 38. Field control relay schematic.
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the field terminal of the generator ar all times.
The ground circuit of each pf the two relays is
completed.through a set of contacts (1,.and 7),
which open after the corresponding relay has
been actuated. Since the contacts are mechani-
cally latched into position after the operation of a
relay, there is, no need to continue to energize
the relay coil; consequently, these contacts are
provided to open the circuit after tho relays are
actuated.

12-26. The field circuit between A terminal of
the volttage regulator and A terminal Of the gen-
erator is completed through three sets of contacts
(6) that are connected in series. The principal
reason for having three sets of contacts in series
is to make sure that the circuit will open. The
warning light is wired through the normally open
contact (4). When the generator system is op-
erating normally, the light is out because this
circuit is open; but any time that the field control
relay has been actuated, the light comes on to
tell the pilot or engineer that the generator is not
performing normally. The wire which runs be-
tween the pilot's or engineer's control switch and
the SW terminal of the reverse-current relay is

controlled by a set of normally closed contacts
(3) so that the reverse-current relay is also auto-
rpatically disconnected in the event of circuit
troubles.

12-27. Another circuit that may also be wired'
through the field control relay is the equalizer
circuit in those installations where two or more
generators are operating in parallel to supply the
electrical load. This concludes the discussion of
generator control and protective devices. Next,
you will learn how all of these units are con-
nected into typical generator systems.

13. DC -Generator System Operation

13-1. So far in this course you have learned
about the various types of generators used in
aircraft electrical systenis. You have also learned
the purpose of the control and protective devices
used in dc generator systems. Now it is time to
learn how all these components fit together to
form a complete operating system.

13-2. Why is this important to you? First,
you must know how a system operates under
normal conditions before you can troubleshoot
that system, Second, it is not enough to know
that a generator system contains certain compo-
nents. You must know how these components
are interrelated and what effect they have on
each other. Another factor you should consider
is that many airaraft have more than one genera-
tor in the dc system. When you are required to
perform maintenance on these systems, you must
know the requirements for paralleling, as well as
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the actual paralleling procedure you, should fol-
low.

13-3. A generator control system provides
both control and protection for the dc generator
throughout its operating range, from no load to
full load. With this in mind, let's discuss the
single-generator system and see how control and
protection are provided.

13-4. Single-Generator Control System. The
single-generator control system regulates, con-
trols, and protects the generator. You may find
the essential unitsreverse-current relay, field
control relay, overvoltage relay, ,and the voltage
regulatorat various locations on the aircraft or
as parts of an elaborate control system contained
in a single box mounted on an assembly rack,
and called a generator-control panel. Both sys-
tems provide the necessary control and protec-
tion.

13-5. Figure 39 shows a typical single-genera-
tor control system with all the necessary control
system components. The system alto,contains an
ammeter, a failure light, and a voltmeter, all of
which provide the crew with a means of monitor-
ing the system.

13-6. The voltmeter is shown connected, di-
rectly to one side of the generator switch, but in
some installations it may be connected directly
to the GEN terminal of the reverse-current relay.
This voltmeter is a general reference instrument
and should never be used when making adjust-
ments of the system voltage. The generator
switch provides the pilot with manual dontrol
over the generator system.

13-7. Initial power. For the generator system
shown in figure 39, when the battery switch is
closed (ON position), 28 volts dc from the bus
will be applied to H on the M-2 relay, P,on the
E-2 relay, and terminal 2 on the generator
switch. The necessary initial power is now ap-
plied to the generator control system. The pur-
pose of this initial power is to provide trip power
in the event of an overvoltage condition, and
apply a positive dc potential to the generator
field.

13-8. Reverse-current relay. As the engine
starts and the generator comes up to speed, gen-
erator output is applied to the GEN terminal of
the RCR. The generator output could be residual
or its rated output, 28 volts dc. If ,the field
circuit is complete (M-2 relay closed) and the
generator switch is on, the generator output is
28 volts dc, and the generator is automatically
connected to the aircraft bus through the reverse-
current relay (RCR).

13-9. After the generator is connected to the
bus, suppose its output voltage should drop below
battery voltage; current would then flow from
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the battery to the generator. This reverse current
could damage the generator windings. Upder
these conditions the generator would be remoVed
from the. bus. This reversal of polarity causes
the differential relay contacts to open, and thus
open the contactor coil circuit. The spring-loaded
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main contactor points would then open and in-
terrupt the reverse,flow of current through the

generator.
13-10. Field circuit. Generator output voltage

is maintained constant throughout its operating
range by the voltage regulator (VR). Figure 39
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shows how the field circuit is powered from the
GEN terminal of the RCR to the voltage fegu-
lator (VR) through the carbon stack, then on
through the field control relay (M-2) to the A
terminal on the generator. Tie current flow in
the field circuit is controlled b the carbon stack.
Any change in speed or load will affect the
carbon stack resistance and in turn the generator
output voltage.

13-11. M-2 field control relay. The generator
field circuit is routed through the M-2 relay be-
t.een terminals P and N. Any time an overvolt-
age condition exists, the E-2 overvoltage relay
will trip the M-2 relay and open the field and
switch circuits. This will cause the generator
voltage to drop to residual, and the RCR will re-
move the generator from the aircraft bus. The
M-2 relay will also cause the generator failure
light to glow. The M-2 relay can be reset by the
generator switch or manually be a reset button
on the relay itself. (See fig. 39.)

13-12. E-2 overvoitage relay. This relay
senses the generator outppt voltage. Figure 39
shows'ehe sensing circuit connected from S ter-
minal of E-2, through the ON position of the
GEN switch, to the B terminal of the voltage
regulator (VR). Thus, you fmd that the E-2
relay is always connected to the output of the
generator. If the generator output voltage in-
creases to a predetermined value (approximately
32.5 volts) due to some circuit fault, the contacts
between P and T (E-2 relay) close. When these
contacts close, 28 volts from the aircraft bus is
applied to G on the M-2 relay,, and the M-2
relay trips. The generator is removed from the
aircraft bus in the same manner as previously
described.

13-13. This completes the discussion of the
single-generator control system. You should be
familiar enough with the circuitry of the single-
generator control system to troubleshoot the sys-
tem. We will cover this operation later in another
section of this volume. To be sure that you know
and understand the, iingle-generator control sys-
tem, traCe the operation of each component once

' more on figure '39.
13-14. Multi-Generator Control System. This

system performs the same functions as the single-
enstpe control system. Except for one feature, it
is \a' duplication of the single-generator control
system. Each multi-generator control system has
an equalizer circuit. This circuit parallels the
generators; it insures that each generator will
carry its share of the load. This is called equaliz-
ing the amperage output of each generator in

. relation to the current output of the other gener-
ators connected to the power bus when a dc load
is applied.

13-15. Parallel operation. When two or more
generators are operated at the same time to fur-
nish current, it is necessary that each generator
furnish an equal part of the total load. As long
as all the generators are operating, there is no
sense in having one doing all the work and the
others loafing on the job; then, too, by distrib-
uting the load equally, the wear is divided among
the generators.

13-16. When two generators, as shown in fig-
ure 40, are supplying equal amounts of current
to the load, the currents through the equalizing
resistors (j) are equal, and the voltage drop
across both equalizing resistors is the same;
therefore, the otential at both generator D ter-
minals is the same. This represents the ideal op-
erating condition. When the current outputs from

the generators become unequal, a difference in
potential exists at the D terminals. Remember
that a current flows any time there is a difference
in potential and a complete electrical circuit be-
tween the points. This small difference in voltage
is responsible for the operation of the" equalizer
circuit.

13-17. All voltage regulators have t n equal-
izer coil wound around the magnetic care of the
voltage coil. The equalizer coil consists of a
comparatively few turns of small wire, the ends
of which are connected to the D and K terminals
of the regulator subbase, as shown in figue 40.
Since current may flow through the equ izer
coil (F) in either direction, the polarity produ'bed
by the equalizer coil depends on the direction of
current flow. When current flows in one dike-
tion through this coil, the polarity of the equalizer
coil opposes the polarity produced by:current
flow through the voltage coil, thereby reducing
the magnetic strength of the coil core. This re-
duction in the effective magnetic strength of the
coil core allows the spring to compress the carbon
pile, with the result that more current flows
through the skunt field of the generator and
causes the generator voltage to increase. Con-
versely, when the current flows through gie
equalizer coils (F) in the opposito direction, its
magnetic polarity is the same as that oThe volt-
age coils (H); thus the magnetic stren of the
core is increased. The added strength f the
magnetic core decreases the spring pressulç on
the carbon pile and thereby decreases The yield
current and consequently the generator output
voltage. Thus, we find that the direction of the
current flow in the equalizer coil (F) determines
whether the voltage of its generator will increase
or decrease, and wc should also understand that
the amount of current flowing in the equalizer
circuit governs the amount of change that occurs
in the generator voltage outline. Since the equal-
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Figure 40. Multi-generator equalizer cirCuit.

izer normally can raise or lower the voltage of a
generator only 0.3 volt, the voltage regulators
first must be used to adjust the voltage outputs
of their respective generators as closely as possi-
ble to enable the equalizer coils to maintain
parallel operation.

13-18. If one generator of a paralleled system
becomes inoperative, there is no current flow
through equalizing resistor (J), consequently,
the voltage at the D terminal of that generator
would be the same as if it were not sharing the
load distribution. The current flow in the equal-
izer circuit would be such as to reduce the voltage
of the operative generator by as much as 2 or 3
volts when large electrical loads are applied. To
prevent this highly undesirable condition, the
equalizer circuit of the faulty generator must be
interrupted. This has been accomplished in some
installations by physically removing the regulator
of the inoperative generator system from its ba.le.
Some installations pass the "k" lead through one
side of a double pole switch, as shown in fig. 40,
the other side of which controls the operation of
the corresponding reverse-current relay. Open-
ing the generator switch then automatically opens
the "k" lead and prevents the drop of bus voltage
when the generator becomes inoperative.' In sys-
tems that incorporate the field c trol relay, the

equalizer circuit is completed through a set of
normally closed contacts that open in the event
of an overvoltage_condition. If an overvoltage
condition occurs in a system not having this pro-
tective equipment, a current would flow through
the equalizer circuit in such a manner as to
reduce the voltage of the, high-current genera-
tor(s). If the field control relay is actu4ed by
an overvoltage condition, the equalizer circuit
for that generator is automatically opened, and
so does not have any adverse effect on the oper-
ation of the ,remaining generators.

13-19. Paralleling procedure. After you have
made the voltage regulator adjustments, increase
the speed of alLengines to their normal cruising
range and close all generator switches. Next,
apply an electrical load, such as lighting equip-
ment, inverters, and radio equipment, equivalent
to approximately jhe full-load rating of one gen-
erator. In some aircraft, the ratio of generator
capacity tc normal aircraft load is so great that it
may be difficult to turn on enough equipment to
obtain the above specified loads. 'In those in-
stances, turn on as much equipment as possible.
Next,. observe ammeter readings. The difference
between the highest and lowest generator cur-
rents should not exceed TO specifications. If the
generators are not dividing the load properly,
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first lower the voltage of the.generator providing
the greatest amount of current, and slightly raise
the voltage of the lowest current-pr wlucing gen-
erator by adjusting the correspor _ling voltage
regulators. Exercise care not to change the volt-
age to any great extent. After you have made
all voltage adjustments, make a final check of
the bus voltage by connecting the precision volt-
meter from the positive bus to ground. The volt-
meter should read 28 -± 0.25 volts. If the bus

voltage is not within these limits, readjust all

voltage regulators individually for 28 volts at no
load, and then repeat the paralleling process.

13-20. In some aircraft installations, remote
control of the voltage regulators is required. This
means that the rheostat must be electrically sepa-
rated from the voltage regulator. To keep all
voltage regulators interchangeable, the voltage-
adjusting rheostat is not physically removed or
disconnected; instead, remote control is accom-
plished by turning the rheostat on the regulator
assenbly to its minimum resistance position and

inserting another variable resista'nce in series
with it. Tr-remotely located rheostat may then
be positio ed in any convenient location. The
primary purpose of this remote control arrange-
ment is to provide a voltage adjustment near the
ammeters to facilitate paralleling of the genera-
tors on aircraft using two or more generators.
The rheostat on the voltage regulator assembly
must not be used for making the voltage adjust-
ments in installations with remote control rheo-

stats.
13-21. Generator control panel. In the past

few years, it has been the tendency to bring all
of the individual circuit-controlling devices back
into or onto one common unit. This unit is now
called a generator control panel. The entire con-
trol panel is mounted so that it may be replaced
very easily in the event of failure or malfunction
of any one of its components. A generator con-
trol panel is a device associated with.tkie newer
generator installations: The purpose of the panel
is to provide a compact installation that includes
most of the various relays and voltage regulators.
Obviously, such a cofnpact arrangement should
facilitate the testing, troubleshooting, servicing,
removal, and installation of these components.

14. DC Generator System Troubleshooting
14-1. Aircraft must be kept at their highest

efficiency at all times. Since most combat equip-
ment is electrically operated, the power system
must be kept in perfect operating condition. In
addition to the combat equipment, the flight con-
trols, radio, lights, guns, and many other devices
are also dependent upon the electrical system.
There are three sources of dc power for the

electrical system: the battery, the ac generator
through a T-R system and a dc generator. In
this chapter our discussion will be limited to the
dc generator system:b

14-2. Troubles may develop at any time in a
properly maintained generator system, but they
are more likely to occur when operating the air-
craft under the tremendous loads of comb con-
ditions. In order to keep the system at its hi he t
peak of efficieecy, it is essential that the de
cal repairman be able to recognize, diagno e,
and eliminate troubles from the system at the
earliest possible moment. In order to maintain
and troubleshoot the generator system, you, the
electrical mechanic, mtist intelligently apply your
technical knowledge of eacti unit in the system.

14-3. Generator Lead Identification. To aid
in troubleshooting and general work with genera-
tors, the aircraft electricians have developed a
code of their own which is used to designate the
various wireS' of the generator circuit. The capital
letters "B" and "E" are assigned to the large-
diameter wires which connect the B terminal of
the generator to the GEN terminal of the re-
verse-current relay, and the E terminal of the
generator to the ground, respectively. The lower-
case "b" is used to designate the small-diameter
wire which connects the4GEN terminal of the
reverse-current relay to the B terminal of the
voltage regulator mounting base. The "a" lead
is the small vire that connects the A.terminal of
the voltage regulator base to the A terminal of

the generator. The "g" lead is the small lead
that completes the circuit between the G terminal
of the regulator/ bae and the gound. Similarly,
in multigenerator ihstallations, the "d" and "k"
leads are the small wires which connect the D
terminal of the generator to the corresponding
voltage regulator base, and the K terminal of one
regulator base to the K terminals of the other
regulator bases.

14-4. Generator Trouble Indications. Trouble-
shooting starts with the cockpit voltmeter and
ammeter, because these instruments are wired
into the, circuit so that they give the pilot or
engineer a continuous check on the outp,ist of
each of the installed generakrs., A normal volt-
meter reading is 28 volts and any deviation from
this fi&hre indicates that a fault exists soinewhere
in the Vstem. A voltage indication that is only
slightly higher or lower than the normal voltage
could mean that the voltage regulator needs ad-
justment. Four.types of voltage readings which

, indicate serious trouble are: (1) a reverse volt-
age reading, (2) a zero voltage reading, (3) a
residual voltage reading, and (4) an excessive
voltage reading.
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Figure 41. Voltmeter troubleshootiqg.

14-5. Lefore an intelligent diagnosis can be
made, you must know what the desirable voltage
output of the generator is under nOrmal condi-
tions, as *ell as the various causes of -abnormal
voltage riadings. Since abnormal voltmeter read-
ings tend to show the 'location of tile troubles in
particula4parts of the cireuit, you will find it
helpful to learn the following generalized causes
of certain abnormal voltages. If the cockpit volt-
meter shows an abnormal voltage, the first thing
to do is to connect a precision voltmeter into the
ci.rcuit so that it is connected between B ierrninal

, of the voltage. regulator base and ground. This
Insures that the cockpit voltmeter is giving a true
indication of ,the _operation of the_ system. .

14-6. Reverse voltage readings. This type of
voltmeter reading shows that the generator volt-

,age output is reversed or that the voltmeter is
connected incorrectly. A quick cheCk with an-
other voltmeter connected between B terminal of
the voltage regulator base and ground, will show.
whether the volimeter or the generator is at fault.
If the voltmeter has been replaced recently, there
is a strong likelihood that the leads to the new
instrument were placed on the wrong te-rminals.
If the generator has just been replaced with a
new unit, it is possible that the "B" and "E" leads
at the generator have been reversed. If neither
of the units has been replaced recently, the only
possibility remaining is that the generator polar-
ity has been reversed.

14-7. You can correct reversed generatvr po-
larity by flashing the field. You accomplish this
by momentarily connecting a small-diameter wiPe
between the A terminal of the voltage regulator
bast, with the regulator assembly removed, and
a positive source of voltage (fig. 41) while the
engine is running at an idling speed. This passes

a current through the shunt field coils in such a
direction as to restore the' magnetism o its cor-
rect polarity. If the dockpi't voltmete is4visible
during ,this process, ydu should nOte a
reading during the field-flashing process because
the armature rotates in the magnetic field pro-
duced by this current flow. The voltage reading
should decrease to a residual value as the jumper
wire ik removed.

14-8. Residual voltage readinis. When the
generator is producing residual voltage, which
ranges from 0.5 to 2 volts in value, the trouble
must be in the field circuit. Since the voltage
is no more than that which could be produced by
the armature cutting the residual magnetisin of
the field pole pieces, it is only logical to assume
that the trouble must be due to the lack of a
current flow through the shunt field of the gener-
ator.

14-9., Zero 'Voltage readings. With a cockpit
voltmeter reading of zero volts, you should ex-
pect a trouble which would prevent the generator
from producing any voltage, or which would
cause the circuit to the cockpit voltmeter to be
incomplete. A quick check with another volt-
meter will show whether the voltmeter circuit is
at fault, or whether the trouble lies elsewhere.

14-10. A zcro generator vo:tagc indicatioa on
the cockpit voltmeter can be caused by an open
"B" lead, an open "b" lead, a short between
*B" and "E," or faults within the generator, such
as the loss of residual magnetism, poor commu-
tation, or grounded positive brushes. All of these
troubles will prevent the generator from develop-
ing a potential, or the voltmeter from indicating
a potential.

14-11. Excessive voltage readings. Excessive
voltage conditions are caused by a complete lack
of regulation of the cui''rent flowing through the
shunt fields. A short circuit between the B and
A terminals at either the generator or regulator
terminals or between the "B" or "b" lead and
the "a" lead, would provide a low-resistance Oath
for current to flow in parallel with the carbon
stack. in would allow full generator voltage to
be applied to the shunt field, resulting in an
excessive voltage condition. Other reasons for
excessive voltage include an open in the voltage
coil circuit of the voltage regulator or an open
"g" lead which connects the G terminal of the
voltage regulator mounting base to the ground.

14-12. Removal of the voltage regulator as-
sembly from its mounting base while the trouble
exists is one quick way of determining approxi-
mately where the trouble lies. When the voltage
regulator is removed, the shunt field current
should be interrupted and the voltage should
normally decrease to a residual yoltage value.
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Figure 42. Single-engine generator installation.

If the trouble lies in the voltage regulator or the
"g" lead, when the voltage regulator is removed,
the system voltage will drop to its residual value.
If the trouble is a short circuit in parallel with
the regulating resistance, the trouble will persist,,

I when the regulator assembly is removed and the
voltage will continue to Oe excessive. If you
know the general nature of the trouble, your nekt
step is to locate and eliminate it from the system.

14-13. Troubleshooting by Use of a Voltmeter..
The,process of locating troubles in the generator
system is made easier not only by taking volt-
meter readings between some of the terminals
and the ground, but also by taking voltmeter
readings between specific terminals. Figure 42
shows a typical singfe-engine generator system
which we will use as a basis for explaining the
voltage readings obtained at and between the
various terminals, as shown in table 3.

14-14. To obtain the readings shown in the
table 3, a particular generator was driven at the
same rpm with each trouble in the circuit. A
,no-load condition also existed as would be the

case in the event of a trouble in the circuit. the
voltage readings for other types and models of
,generatcirs vary from the values shown, but, these
suffice to demonstrate the method for systemat-
ically locating the trouble. All voltage readings
were taken with the generator running and the
voltage regulator assembly mounted on its base.

14-15. At this point, let us again remind you
that the voltmeter measures the difference in po-
tential between the two points to .which it is

connected. If the potential ai both terminals of
the voltmeter is exactly the same with respect
to some other point, the meter registers zero
volts; but if there is a difference in voltage, the
meter indicates the difference in emf and not the
voltage present at either of the terminals.

14-16. One more word of explanation may be
helpful at this point. In table 3 the fast two
check-points mentioned is assumed to be the
positive terminal. The voltmeter positive lead
should be connected to it and the voltmeter nega-
ive lead connected to the second-mentioned ter-
minal or other reference point.

14-17. Case Nr. 1. The voltage readings re-
corded for this° case were taken from a normally
operating generator installation for reference
purposes. The cockpit voltmeter registers 28
volts, indicating that the regulating equipment is
performing normally.

14-18. At the voltage regulator the voltage is
always checked between the B terminal and the
ground (structure), and then between B and .G
terminals of the mounting base. If no trouble
exists in the circuit, the same voltage should be
noted in these checks as has been shown on the
cockpit voltmeter. The second part of the check
(between B and G terminals) is for the putiose
of checking the "g" lead. If the wire is intact,
there is the same difference in potential between
B and G terminals as there is between the B
terminal and the ground. Should the "g" wire
be broken, terminals B and G would be at the

TABLE a
TROUBLESHOOTING VOLTMETER READINGS VOLTAGE READINGS

Case ' At Vo 3841. Ugulator Das. At Relay At Generator At Vo ltheter

Br. Trouble
Cockpit

Voltmeter
B to
G'nd $ to G

A to
(Pad A to 0 a to A

G to
G'nd

Gen to
G'nd 5 to E A to E 5 to A

.. to
G,n4

- to
G.ni tic -

1. None 28 21 21 7 7 21 0 28 ZS

.

7 21 28 2 25

2. 0 21 25
,..

7 7 21 0 28

_

28 7

'Y

. 21 C 0 0

3. 0 26 28 7 7 23. 0. 28
-

7 23. 28 /0 25

A. 0 C 0 0 0 0

_

0 1.5 1.5 0 1.5 0 0 .

R. 30* 10+ 30. IC& 30+ 0 0 30+ 30+ 30f 1.5 30. (., 3v.
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same potential, and the voltmeter connected be:
tween them would indicate zero volts. The next
check is from A terminal to ground and then
between A and G terminals. With this check
you can be certain that the carbon pile is offering
some resistance ko the flow ,of current, because
the voltage at A terminal should be somewhat
less than that available at B terminal.

14-19. By connecting the positive terminal of
the voltmeter to the B terminal and the negative
terminal to the A terminal, we should be able to
measuie the voltage that is being expended to
push the current through the field resistance pf. .
the regulating unit. /-, -

14-20. The next check in the sequence is to
connect the voltmeter between the G terminal of
the voltage regulator base and the ground (struc-
ture of the aircraft). Normally these twO points
are connected by an electrical conductor (the
"g" lead) and are therefore at the same potential,
so the voltmeter shouldi, register zero volts.

14-21. The next check is made by connecting
the troubleshooting voltmeter between the GEN
terminal of the reverse-current relay and the
ground. With everything operating normally,
there should be the same, 9r a slightly higher
voltage indicated here than was registered on

v..the i ltmeter when it was connected between the
B ter inal and the ground at the voltage regula-
to'r base.

14-22. From this point, proceed directly to
the generator to finish h e checks. The first check
is between B and E te minals, where you should
note a voltage' that is equivalent to that previ-
ously measured beaveen B and the ground at the
voltage regulator.'flowever, the voltage at B
and E may be slightly higher to Compensate for
the emf loss due to the resistance of the power
distribution tircuit. The second check is between
A and E terminals. This voltage stiould be ap-
proximately the same as that previhusly meas-
ured between A terminal and ground at the volt-
age regulator base. The third check is between
B and A terminals of the generator. Again, the
;/oltage at these terminals is found to be the
same as that between terminals B and A at the
voltage regulator mounting base.

14-23. The last three columns of table 3 are
troubleshooting oltmeter readings taken at and
between the terminals of the cockpit yoltmeter.
Such readings are useful in those cases where the
installed meter indicates some voltage other than
that Which is present in the system. As shown,
the voltage is checked between the positive ter-
minal and the ground and between the positive
and the negative terminals. The troubleshooting
meter should register the system voltage in the

first check, zero volts in the second location, and,
finally, system voltage again in the third check if
all circuit components are complete. If all read-
ings are normal and the installed meter still fails
to register, any trouble must be within the meter.

14-24. Case Nr. 2, In this case the first itrou-
ble indication is a zero reading on the cockpit
voltmeter. A quick check with the troubleshoot-
ing meter shows that the voltages throughout the
system are normal until the" installed meter is

reached. When making the check between the
positive terminal and ground at the meter, the
reading is zero volts. Identical readings are ob-
tained between the negative terminal and the
ground, and between the positive and negative
terminals. A quick look back at figure 42, which
you should be thoroughly familiar with, shows
that a wire connects the positive terminal of the
voltmeter to B terminal of the voltage regulator
base at 'which 28 volts had previously been
noted. If _this ,connecting wire were complete,
the same voltage should be present at the positiye
terminal of the voltmeter. The zero reading at
the positive terminal of the voltmeter indicates,
that the voltmeter positive lead is open.

14-25. Case Nr. 3. Once again 'a discrepancy
exists between the reading of the installed v lt-
meter and the readings noted during the sys em-
atic check with the troubleshooting voltmete . Al-
though the reading on the installed meter i zero,
the test meter shows that the voltages throughout
the system are normal up to the terminals of the
installed meter. There ii 28 volts at the positive
terminal, zero volts between the negative termi-
nal and the ground, and 28 volts again when the
test meter is connected between the positive and
negative terminals of the questionable meter. In
other words, there is voltage to the meter. The
negative wire is complete; otherwise no reading
would have been evident in the last check. Thus
the only place where trouble can exist is within
the installed meter. Removal and replacement
of the meter will correct this discrepancy.

14-26. Care Nr. 4. For this condition the zero
reading on the cockpit voltmeter was substanti-
ated by similar readings on the test meter when
it was connected to and between the terminals of
the voltage regulator mounting base. Further

.cheeks between the GEN terminal of the reverse-
current relay and the ground indicate a small
voltage which is easily identified as residual volt-
age./ The fact that there is a voltage here indi,
cates that the generator is capable of producing a
voltage if properly exCited. It also indicates that
the "B" and "E" leads of the generator forrn
complete circuits, otherwise it would not have

,been possible to compte the circuit kit...the test
voltmeter. Although the cockpit voltmeter reads
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zero voiçk the troubleshooting \Procedure re-
vealed n wiltage at the voltage regulator base.
Thinking again about the circuit, you can reason
that the only difficulty which could cause this set
of circumstances is an open "b" lead.

14-27. Care Nr. 5. In this case the excessive
voltage indicaied on the cockpit voltmeter shows
that there is a definite 'lack in control over the
current flowing through the shunt field circuit.
The, voltmeter checks from terminal B to ground
and then from terminals B to G show 30± volts
indications, so the possibility of the previous
trouble has been eliminated. The first clue as to
,the exact nature of the trouble comes to light
when the troubleshooting meter is connected be-
tween terminals B and A. You know that there.
is current flowing in the "a" lead; otherwise there
would be no excessive voltage indicated on the
,cockgit voltmeter. You also know that the car-
bon pile is a resistance. If a current flows
through a resistance, there must be a difference
in potential between the two ends of the resist-

Figure 43. Ohrneter troubleshooting.

A

1,11

go/
ance. When the troubleshooting voltmeter is con-
nected across the resistance, between terminals
B and A of the regulator, there is no voltage in-
dicated, so the two points must be at the svne po-
tential with respect to the ground. You may
wonder how this cdn be. The explanation is

simple. According to the observed voltmeter
reading, there is no resistance between terminals
B andOA; therefore, a short circuit must exist
soMewhere in the circuit between B and A. This
condition would -place both points at the same
potential and provide a path for the field current,
to flow around tkc regulating resistance rather
than through it. Obviously the voltage regulator
would have'llo,control over the field current or
the voltage output of the generator.

14-28. Troubleshooting by Use of an Ohmmeter.
When trouble developes in an aircraft electrical
circuit where power is furnished only by the air-
craft generator, the ohmmeter is the most practi-
cal instrument to use for locating the trouble.
CAUTION: When you check Ay circuit with an
ohmmeter, be sure that the 'bittery switch is in
the OFF position and that the generator is not
running. The circuit being checked by'the. ohm-
meter must have no source of electrical tower
other than that contained in the ohmmeter itself.
You will find it most convenient to check the
generator circuit at the voltage regulator base
while the voltage regulator is removed.

14-29. Check Nr. 1. The, first check you
make is to connect the ohmmeter to terminals B
and G of the voltage regulator base. In this way
you are checking the continuity 'and measuring
the resistance from B on, the regulator to the
GEN terminals of tho RCR; through the genera-
tpr (B-E) to ground and from ground to E on
the regulator base, as shown in part A of figure
43. The resistance of the circuit as indicated on
the ohmmeter is approximately one-half of an
ohm. No definite value can be cited because the
resistance of the circuit is dependent upon the
make and model of the generator and the length
of the various leads. If the ohmmeter indicates
an extremely high resistance fort the circuit, the
trouble will be an open circuit in one of the
circuit components being checked. Conversely,

-if the ohmmeter reading,is indicating zero ohms
resistance, the trouble will be a ground some-
where between B on the generator and B on the
regulator base that is permitting a circuit to bo
completed around the principal resistarfce in the
circuit (the armature).

14-30. Check Nr. 2. The second check is

performed by checking the circuit from the A
terminal on the regulator base to the G terminal,
as shown in part B of figure 43.. When per-
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forming this Check, you will be checking the con-
tinuity, the generator shunt field, the "E" lead
on the generator, and the "G" lead at the volt-
age regulator base. At the same time, the resist-
ance value indicated on the ohmmeter will afford
a means of locating troubles. In this case, as in
so many other cases, no single exact resistance
value can be cited that would be standard for
all generator installations. The resistance of the
shunt field varies from 2 to 3 ohms and may
range as highAs 13 or 14 ohms on some older

ky.demodels of generators. You m assume that a
reading of 3 ohms is a normal o for the check
from terminal A to terminal G. An ohmmeter
reading that is much higher than normal indicates
that there is a'n open circuit, while a reading that
is only slightly higher than normal may indicate
loose or diity connections somewhere in the cir-
cuit. A lowaer than normal resistance in this

circuit indicates a partially shorted field winding,
whereas a zero resistance indicates that the field
winding is completely short circuited, or that the
lead between A of the voltage regulator and A
on the generator. is...grounded. It.

14-31. Check Nr. 3. Finally, as shown in part
C of figure 43, connect the ohmmeter to termi-
nals B and A on the regulator base. This con-
nection should cause the ohmmeter to read the
combined resistance of the field and armature,
since they are in series with each other in this
case. This should amount to approximately 31/2
ohms. This operation not only checks the con-
tinuity of the lead between A on the regulator
and A on the generator, the armature, the "B"
lead, (between B on the generator to B on the6
regulator) but it also indicates the general con-
dition of these system elements.

14-32. By comparing the, ohmmeter readings
thus obtained with normal readings and analyzing
the circuit check fdr each step, you can system-
atically eliminate certain components as sources
ohrouble and eventually arrive at a sound de-
termination. .

114-33. Schematics and Wiring Diagrams. So
far in this chapter only those troubles located
between the generator and the voltage regulator
have been discussed. What about malfunctions
in the rest of the generator system? It is certain
that eventually you will have to troubleshoot the
entire generator system to detect the cause of a
trouble. The remainder of this discussion, there-
fore, is devoted to those technical references you
must be familiar with in order to diagnose and
repair troubles quickly in any electrical system.
Since you are familiar with dc.generator systcms
by now, let's continue byusing these systems as
references.

i

i

61

14-34. In addition to the test equipment you
need to help you troubleshoot, you also have to
-be completely familiar with the'use of schematics
and wiring diagrams. These are found in the -2
maintenance handbooks for the aircraft on whichD
you are working.

14-35. Schematics. A typical schematic of a
dc generator system is shown in figure 44. This
schematic was taken from an aircraft TO-2-6,
Organizational Maintenance, Electrical Systems.
This schematic has been selected as one typical
of the type you may use in your day to day
work. Now, let us examin,e the figure to see how
it can help y'ou in your work. For one thing,
schematics always show the internal wiring of
the components. in the system, such as the volt-
age regulator and the RCR. Note also that pin
letters of CANNON plugs are given, such as
shown In the dimming relay and the generator
field control relay. Many schematics also show
the location of the units in the aircraft. For ex-
ample, thd voltage regulator shown is located in
the LH POWER BAY as noted directly beneath
the voltage regulator in the schematic.

14-36. A schematic is 'also useful in pointing
out differenceS in wiring that might exist between
different versions of the same model aircraft.
For example, note in the illustration that there
are two wires connected to E of the generator.
One wire is marked by a 2 within a small
square; the other wire by a-3. If you look at
the legend directly beneap the schematic, you
see that aircraft numberea -1 through -65 arc
wired so that the wire from E of the generator
is connected to the loadmeter shunt, while air-
craft -70 and late are wired so that E of the
generator is connected to the ground. These lat-
ter aircraft have the ii)admeter wired in the cir-
cuit as shown in the upper left hand corner.

14-37. You can see then, that schematics are
very useful in determining how a system should
operate and approximately where parts are lo-
cated. For actyal troubleshooting, however, it is
best to use the wiring diagram, which, if used
in conjunction with the schematic, helps you to
quickly locate and diagnose electrical malfunc-
tions.

14-38. Wiring diagrams. The wiring diagram
for the generator system previously shown sche-
matically in figure 44 is Part I in foldout 1, at
the back of this volume. You can §ee that there
is quite a bit of difference. Whereas the sche-
matic showed only one wire connected between
B of the gcnerator and the GEN terminal of the
RCR, the wiring diagram shows that in reality
there are three wires from B of the generator to
the disconnect; Ati from the disconnect to the
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GEN terminal of the RCR there are six wires.
you can see also that each wire is identified
with a letter-number code. To refresh your mem-,
ory let's review ,briefly what _each part of the

_wire number means, using one of the wires con-
nected, to B of the generator as an example.
We'll use wire number 1P1A6. The Nr. 1 means

jhat there is More than one wire used in .this
'circuit. The letter P represents dc

power. All wiring diagram handbooks have ac.
circuit identification code that tells you what
these letteitand for. (For example, X is ac,

is lighting, etc.) The' next part of the wire
number is the Nr. 1, which is the wire number
itself. The letter A identifies the wire Segment.

itThe wire segment letter changes at each break
in the circuit. For example, the next segment
letter would be B; then C, and so on. The last
number in the wire number indicates the wire
size, in this case, Nr. 6. Note that after the wires
from B of the generator pass through the genera-

. tor disconnect, it is now a six-wire system. The
wire segments are marked B, wand the size has
decreased to Nr. 10.

14-39. Although wiring diagrams do not show
the internal circuitry of components, they do pro-
vide certain essential information regarding those

63

components. For example, beneath the RCR,
note the legend "K503 Reverse-Current Relay."
If you refer to the reference item list shown in
Part II, foldout 1, you can find the nomenclature
of the item, the part number, and the station
number where the item is located in the aircraft.
In this example, K503 is listed as a Relay, Re-
verse Current, part number AN3025-1, and t is
located at station 222.5 LH. The reference item
list is part of the wiring diagram shown in fold-
out 1. You can also determine AN connector
numbers and pin numbers, the location, and
often the part numbers for these items from the
wiring diagram.

14-40. This is all that is gbing to be said
about schematics and wiring diagrams. Famil-
iarity with them comes about as you use them.
Although these drawings may vary slightly among
different aircraft, they are all basically the same.
One word of caution might be added at this
point. You should always check the 2 hand-
book to make sure you know what each electri-
cal symbol stands for. Although aircraft electri-
cal symbols have been fairly well standardized,
there is enough variation ameng manufacturers
to warrant your making sure of what each symbol
Tepresents.
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CHAPTRR 4

Transformer-Rectifier Power Systems

Tlt CONTINUING trend toward the use of
ailternating eUvent as the primary source of

electrical power on many aircraft hasaecessi-
tated the use of transformer-rectifier..fr-R) units
as the primary source of direct-current power.
This means that you, the aircraft electrician, must
know the principles of operation oi the various
types of T-R units, including the special-purpose
types used in aircraft battery charging systems.
You must be completely familiar with the effects
that a varying load has on each type of T-R unit
so that you can successfully troubleshoot malfunc-
tions and maintain T-R systems.

15. Transformer-Rectifiers
15-1. A transformer-rectifier is a device that

changes alternating current into direct current.
All T-R units consist of a transformer section
that reduces the input ac voltage, and some means
of chan&ing ac into dc. You may consider that
there are three types of T-R units: the dry-dist
rectifier type, the static type, and the special pur-
pose type. Since the rectifier type is probably
the most widely used, we will discuss it first.

15-2. Rectifier Type T-R Unit. The rectifier
type T-R unit condsts of a transformer, a bank
.of dry-disc rectifiers, and a cooling fan. A sche7
matic of this unit is shown in figure 45.

15-3. The transformer consists of a wye-wound
primary winding and two secondary windings (a
wye winding and a delta winding). The three-
phase ac input is applied through terminals A,
B, and C where it is stepped down. The output
across the wye-delta secondary is applied to the
bank of dry-disc rectifiers and the dc output is
furnished to the distribution system from, the
terminals marked + and . The T-R unit
shown in figure 45 operates from a 200-volt,
three-phase, 400-Hz ac system, and the output
is rated at 24 volts and 100 amperes. Some
aircraft & power systems require T-R units with
only a 50-ampere output. A 50-ampere T-R unit
is almost the same as the 100-ampere unit, ex-
cept that .a delta connected secondary is used

sa.

with the 50-ampere unit and a wye-delta con-
nected secondary is used with the 100-ampere
unit.

15-4. The cooling fan also receives its input
ac from the Main power source. The purpose of
the fan is to draw air across the bank of recti-
fiers. Proper operation of the fan motor is very
critical on dry-disc T-R's. If the fan motor should
fail while the T-R was operating under a load,
the unit would tend to overheat and fail within
a short period of time; and the load on the dis-
tribution system at that time would have to be
divided among any remaining T-R units in the
system.

15-5, Figure 46 shows a typical T-R unit in-
: stallation. Note that each T-R unit is labelled

with an arrow. that indicates the proper direction
of airflow through the unit. Air is always ex-
hausted at the terminal end. In installations such
as shown in figure 46, it is important that all the
T-R units exhaust in the same direction; if one
should be exhausting in an opposite direction,
the other T-R's would tend to draw in hot ex-
haust air which would raise their operating tem-
peratures. On many aircraft, proper operation
of the cooling fans is an item of inspection by
the aircrew during their preflight inspection.

15-6. Static Type T-R Unit. The static type
T-R unit can be found on many' later model' air-
craft, and it serves the same purpose as the more
conventional T-R unit, we discussed previously.
It delivers 24 volts dc at either 100 amperes or,
in sonic cases, 200 amperes. It operates on a

ferent principle, however, as you can see by
examining the schematic diagram shown in fig-
ure 47.

15-7. The transformer section consists of two
separate transformers; one transformer has a wye-
connected primary and a 3-wye secondary, and
the other transformer has a delta-connected pri-
mary and a 3-wye secondary. Both the primaries
are connected in parallel to the 200-volt, three-
phase, 400-Hz ac input. The turns-ratio of the
two secondaries, are so adjusted that the output
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Figure 45. Rectifier type T-R unit.

voltages are the same and can be paralleled to-
gether. The common connection,of the .ac portion
of each secondary winding is interconnected
through an interphase transformer that suppresses
drift current ,between the secondaries, bleeding
them off ,through the coils center-tapped to the
negative terminal. The low-loss silidon diodes
provide the necessary rectification. Due to the
use of the silicon diodes, these T-R units need
nO cooling other than that furnished by convec-
tion.. The dc output is furnished through the ter-
minals marked + and .

15-8. Special-Purpose T-R Unit. To maintain
the state of charge of a nickel-cadmium battery,
it is necessary to provide i more closely con-
trolled source of battery charging power than that
provided by a conventional battery charging rec-
tifier.. For this reason, many aircraft in which
nickel-cadmium batteries are installed use a spe-
cial type of T-R unit known as a battery charge
fi-R unit. A. schematic diagram of a typical
battery charge T-R unit is shown in figure 48.
It is rated at 28.5 volts dc at 25 amperes.

15-9. The three-phase ac input from the pri-
mary ac power source is applied through a three-
phase stepdown transformer, and the output is
applied to six silicon-power rectifiers in a six-
phase half-wave arghgement. This arrangement
is lilac efficient than a full-wain connection,
since the load current- does not have to flow
through two rectifiers in series. By this method of
heating and the need for voltage regulation are
reduced because there is less voltage drop across
the ref ufiers. Although the voltage regulating
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requirements are somewhat reduced, some regu-
lation is required so thit the output voltage of
the T-R unit rises as/the load current is in-
creased. To obtain this characteristic, a self-
saturating, variable reset component (MAI) is
placed in series with the center tap of\ each
transformer winding, and functions to regulate
the output of two rectifiers. With this arrange-
ment only three regulating cores are required for
the six rectifiers, and the control circuitry is re-
duced to a minimum) as shown ill figure 48.

15-10. The required voltage regulation is pro-
vided by a special 'voltage-sensing network, which*
includes load current compensation and a silicon
voltage reference diode. The sensing network
consists of resistor R4, reference voltage diode
CR7, and the parallel combination of R6 and
RTI. The output of Ithis sensing circuit is ap-
plied to CW2 on the fegulating core (MA1). A.
load reference signal is provided by CW1 which
is in series with the load. The function of CW1
is to minimize circulating currents in ihe control
circuit caused by voltage induced in the winding
(CW2) when the reactors are absorbing a voltage
integral.

15-11. The rectified current pulse flowing
through the main winding of the reactor cores
produces, saturation. The reactor cores are made
of a material which has a square top hysteresis
loop, which means that the cores are left in a
saturated condition at the end of each current
pulse. If there were no current flowing in the
control windings, the cores would remain sat-
brated and the output voltage would be maximum.
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Since the regulating elements of this circuit func-
tion as static switches which are either full on
or full off, it can be said that when the cores are
saturated the switches are full on.

15-12. It is the function of the control circuit
current to reset (bias)" the cores after each cur-
rent pulse so that the cores will absorb a volt-
age integral from the next current pulse during
the time the flux in the core is driven from the
reset (biased) value to saturation. In other words,
during a current pulse the control circuit must
determine the magnitude of the pulse and pulse
duration or how long the switch will be turned on.

15-13. When the battery is .low, the contrci
circuit will cause the switch to be closed for a
longer period of time and the magnitude of the
pulse will be. greater than that for a battery that
is at or near a full charge.

15-14. The thermistor circuit consisting of
RT1 and R6 is incorporated into the circuit to
compensate for temperature changes due to load
that would affect the operating characteristics of
the unit. RT1 has a negative temperature coef-
ficient and R6 has a positive temperature coef-

ficient. Any changes in temperature that would
affect the resistance of the output circuit are thus
canceled out.

16. Transformer-Rectifier Testing

16-1. You can test a T-R unit by applying
various loads to the unit to determine that the
output voltage remains within the allowable lim-
its. The specifications outlined in this section
apply only to the typical units that we have dis-
cussed. You should always refer to the appro-
priate technical directive before testing any T-R
unit.

16-2. Rectifier Type. One of the tests you may
give to this T-R unit is the voltage regulation
test. The test consists of applying 400-Hz ac at
195 volts to the input measuring the dc input
when a 100-ampere load is connected. The out-
put voltage must not be lower than 24 volts nor
higher than 31 volts.

16-3. You should also test this unit for in-
sulation breakdown. You perform this test by
first shorting the four input terminals together,
and the two output terminals together, then ap-

Figure 47. Static type T-R unit.
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let's turn our attention to T-R power distribu-
tion systems. In your work as an aircraft elec-
trical repairman, you will encounter a wide va-
dety of T-R power distribution systems. The
systems vary both in the type of unit or units
used an& in die output ratings; for example, you
have already seen that the rating of T-R units
varies from 25 to 100 amperes. Some of the
newest aircraft use T-R units having a 200-
ampere capacity. Nevertheless, the operating
principles remain the same as for those units we
have already discussed. Now, let's begin our
discussion with the description and operating
characteristics of a typical T-R power system.

17-2. T-R Power System. Figure 49 is a
schematic of a typical two T-R unit distribution
system. Both T-R units receive their input
power from the primary ac Power souup; and as
soon as the primary source is energized, the T-R
units automatically begin producing dc. The out-
put of each T-R unit is connected to pi T-R re-
lay which has two sets of contacts. qie set is

used to connect the output of the T-R unit to the
T-R bus. The other set of contacts is used when
a T-R unit fails during operation or fails to start
when the primary ac source is energized. This
will be discussed later.

17-3. Note that the T-R buses are intercon-
nected by current limiter Nr. 1. The buses can
also be connected through current limiter Nr. 2
when the bus tie relay is energized. At first
glance, current limiter Nr. 2 may seem super-
fluous to you, but this is not the case. To tinder-
stand the function of the current limiters, let's
assume that T-R Nr. 1 develops an internal short
during operation and puts a higher than normal
load on the distribution system. T-R relay Nr. I

cannot become deenergized because it receives
power from T-R bus Nr. 2 through current lire-

, iter Nr. 1. If the load on the T-R buses be-
comes excessive due to the faulty T-R unit, cur-
rent limiter Nr. 1 will blow and open the circuit
between the buses. Now, T-R relay Nr. I can
deenergize. When it opens, its other set of con-
tacts closes and completes a 'circuit between T-R
bus Nr. 2 and the bus tie relay. When the bus
tie relay is energized, the T-R buses are inter-
connected by current limiter Nr. 2. You can see,
then, that the current limiters, in conjunction
with the bus tie relay, serve these two purposes.
they insure that both rhe T-R buses receive power
in the event that a T-R unit fails during opera-
tion, and they prevent a faulty T-R unit from
causing an excessive load on the distribution
system.
\...(7-4. If either T-R unit should fail to stars
when the primary ac source is energized, the
corresponding T-R relay will fail to become en-

TABLE 4
BATTERY CHARGER T-R TEST VOLTAGES

Load (Amperes) Oittput Voltage (D-C)

0 27.8 to 28.8
4 28.9 to 29.7

10 28.2 to 30.9
25 26.5 to 29.8

plying 60-Hz ac at 500 volts between the two
sets of terminals for 1 minute. You accomplish
the second part of the insulation breakdown test
by shorting all the terminals together and apply-
ing 60-Hz ac at 500 volts between the shorted
terminals and the case of the unit. .

16-4. Another part of the test procedure for
rectifier type T-R units is to check the operation
of the cooling fan motor. Air is always drawn,
across the bank of rectifiers and exhausted at
the terminal ends.

16-5. Static Type. The tests you will be giving
to static T-R's are basically similar to tests for
those types we have already discussed. The in-
sulation breakdown test is performed under ap-
proximately the same conditions. The voltage
regulation test, however, has significant differ-
ences: Before testing the static T-R, you should
operate the unit for 30 minutes with 400 Hz ac
at 200 volts, with a 100-ampere load. After the
unit has reached normal operating temperature,
the output voltage must be between 26.5 volts
and 26.9 volts. Next, decrease the load to 10
amperes; the output voltage must now be be-
tween 28.375 volts and 29.125 volts. In the next
part of the test, you increase the load to 100
amperes and decrease the input ac to 196 volts.
In this case, the output voltage should not be
less than 26 volts nor higher thatt 31 volts. In
the last part of the voltages reguladon test, you
increase the input ac to 210 volts and decrease
the load to 1 ampere. Again, the output voltage
must not be less than 26 volts nor higher than 31
volts.

16-6. Battery-Charging Type. The only test
you usually give to a battery-charging T-R is the
voltage regulation teA. You should apply an in-
put voltage of 200 volts ac at a frequency of
400-Hz to the unit for at least 60 minutes to
allow it to reach its normal operating range. No
load Should be applied during the warmup period.
After the warmup period, apply the loads listed
in table 4 for 2 minutes each, and check to see
that each load results in the proper voltage out-
put as shown in the table.

17. T-R Power System and Maintenance
17-1. Now that you are familiar with the prin-

ciples of operation of various types of T-R units,
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ergized. Under this condition the bus tie will
become energized and interconnect the T-R buses
through current limiter Nr. 2, even though cur-
rent limiter Nr. 1 might still be intact.

17-5. This concludes the Iiiscussion of T-R's
and T-R power distribution systems, except for a
brief discussion of an essential bus system in
which T-R units are the primary source of dc
power. On many aircraft, switching of power

from one source to another is done automatically
through a system of essential relays. Figure 50
illustrates a typical essential bus system using
relays;

17-6. The essential T-R relay is energized any
time there is power on the T-R bus. When the
relay is closed, it kompletes the circuit to the
essential bus. If the-T-R bus is not powered, it is
necessary to energize the battery relay and apply
battery power to the essential bus. When both
relays are energized, which is a normal condi-
tion, only,one source of power can be applied
to any ore bus at a time.

17-7. Maintinance. The maintenance you can
perform on a T-R unit is generally limited to
the repair or replacement of subunits of the major
assemblies. You may disassemble a T-R unit only
to the extent authorized your shop; for example,
you can completely\ disassemble a rectifier type
T-R unit and repair or replace any of the major
assemblies. When you disassemble the battery
charging T-R unit, however, you are Aot allowed
to open the transformer section. AndTher impor-
tant point should be brought out at this time.

k Many components of the static T-R's and battery
"\\charging T-R's come in matched sets. If one

part of a set requires replacement, you will have
to install a whole new matched set. This is why
it is important to consult the appropriate tedni-
cal directive before you attempt to repair or re-
place any part of a T-R unit.
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CHAPTER 5

AC Generator Systems

MOST OF today's aircraft use a great deal of
ac power. Consequently, the primary

power system used on present day aircraft is

ac. This does not mean you won't find a num-
ber of aircraft still in the Air Force that have a
primary dc power system. Chapter 3 provided
you with the necessary background knowledge to
work on dc power systems. In fact, you will be
using your knowledge of dc generators in our
discussion of an ac generator in this chapter.

2. Ac electrical loads, for the most part, re-
quire constant-frequency ac power. But always
keep in mind, there are ac loads that do not
require constant-frequency ac power. These loads
ary supplied power from variable-frequency ac
generators, also discussed in this chapter.

3. There are many *types of ac generator sys-
tems in current use. However, you will be able to
grasp the general idea behind all of the various
types, because they fall into two classifications,
the variable- and the constant-frequency ac gen-
erator systems. We will discuss both of ttrese
systems in this chapter. The discussion of the
variable-frequency system is limited due to its
limited application. We will begin our discussion
with ac generator.

4. Foldout 2 shows d basic ac generator sys-
tem of the type we will discuss in this chapter.
The knowledge of the type of aircraft that may
use this system is not a requirement for this dis-
cussion. This system is used only as a training
vehicle.

18. AC Generators
18-1. The output of the ac generator must, be

held to a constant value over a given range of
operation. In order to do this in a constant-
frequency ac system, a voltage regulator and a
constant-speed drive unit must be used. In a
variable-frequency system, however, only the
voltage regulator is used to provide a stable out-
put over the generator's entire speed range of
operation.

18-2. The following discussion deals with what
takes place inside the generator under the various
load conditions that are encountered in actual
operation. This information provides you with the
background knowledge, required to troubleshoot,
test, and repair ac generator systems. References
are made to the various generator system com-
ponents as they are affected by a given load
condition. Let's start our discussion by review-
ing the factors that affect the generator's output
frequency.

18-3: Generator Frequency. Ac is produced
when a coil is rotated betweerr a north and a
south magnetic pole. In such a device, the
strength of the generated voltage/depends upon
the strength of the magnetic poles, the number of
turns of wire in the coil, and the speed at which
the coil is rotated. The frequency/of the current
pulsations depends upon the speed of coil rota-
tion and the number of poles, but not upon the
strength of the magnetic field.

18-4. Let's assume that a generator rotor is
connected directly to the crankshaft of an en-
gine. With this arraizgement, the rotor makes
one revolution every time the crankshaft makes
one. Therefore, if the engine crankshaft is turn-
ing at a rate of 380 rpm, the rotor also turns at
a rate of 380 rpm.

18-5. Remember, don't confuse the generator
speedrigh its frequency. Since the speed of ro-
tati in revolutions per minute
(rpm) and frequency is measured in Hertz
(Hz), we need to use the frequency forntula to
determine the output frequency of the generator.

number of pairs of poles X rPmFrequency =
60

Therefore, if there is one pair of poles in the
generator and it is turning at a rate of 380 rpm,
use the formula:
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Figure 51. penerator voltage and load characteristict

constant speed. A device known as a constant-
speed drive does this task. While the drive main-
tains the rotor speed constant, it must also vary
its output (torque) to maintain the load on the
generator. We will next discuss effects that var-

,ious load conditions have,on the generator output.
18-9. Generator Load Characteristics. When

the load on the generator is changed, the termi-
nal voltage of the generator will vary. The
amount of variation depends on the design of
the generator and the power factor of the load.
With an inductive load, which has a lagging
power factor, the drop in terminal voltage when
the load is increased, is greater than would occur
if the load had unity power factor, that is, a te-

. sistive load. With a load having a leading power
factor, a capacitive load, the terminal voltages
tends to rise. A change in terminal voliage with,
a change in generator load is due to the change
in armature resistance, reactance and reaction.

18-10. Armature resistance. When current
flows through a- generator armature winding,
there is an armature resistance drop (IR) dug to
the resistance of the windings. This drop in-
creases with load, and the terminal voltage is re-
duced. (IR) is normally small because Op -re-
sistance is low.

18-11. Armature reactance. The armature cur-
rent of an ac generator varies approximately as
a sine wave. The continuously varying current in
the generator armature is accompanied by an
I XI, voltage drop in addition to the IR drop.
Armature reactance in an ac generator may be

Frequency = 6.33 Hz

18-6. It is necessary to have a gear train be-
tween the crankshaft and the rotqr of the gen-
erator because the crankshaft of a reciprocating
engine rotates too slowly for the desired voltage
and frequency. Although a jet engine rotor turns
at a faster speed than does a reciprocating en-
gine, a gear train is si1i required. Since varia-
ble-frequency generators used by the Air Force
generally incorporate a 12-pole field, the gear
train is required to drive the rotor between 3800
and 10,000 rpm to produce the allowable fre-
quency, 380 to 1000 Hz.

18-7. Although the frequency is allowed to
vary, the voltage must be kept at a constant
value. This is accomplished through the use of a
voltage control circuit. A second point to keep in
mind is that a variable-frequency generator can
be used only in conjunction with ,resistance-type
loads, because of the varying frequency. Since
capacitive and inductive reactances vary with
the frequency, it is not feasible to use inductive
or fapacitive loads in connection with variable-
frequency generators.

18-8. On the other hand, a constant-frequency
ac generator can be connected to all of the var-
ious types of ac loads, which include both KW
and KVAR loads. -T% type of generator pro-
vides a constant output frequency (400 Hz),
and therefore, the rotor must be driven at a

4301.10.1.1
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from 30 to 50 times the value of armature re-
sistance because of the relatively large inductance
of the coils as compared with their resistance.

18-12. A simplified series equivalent single-
phase circuit of an ac generator is shown in figure
51. The voltage generated in the phase winding
is equal to the vector sum of the terminal volt-
age, Et, for the phase and the internal voltage
loss in the armature resistance, R, and the arma-
ture reactance, Xf., associated with that phase.
The voltage vectors for a unity power-factor
load are shown in figure 51 (A). The arma-
ture IR drop is in phase with the current, I, and
the terminal voltage, E. Because the armature
I Xf, voltage drop is 900 out of phase with the
current, the terminal voltage is approximately
equal to the generated voltage, less the IR drop
in the armature. In this case, the voltage regu-
lator output changes very little. The only change
will be to overcome th9 larger IR drop caused
by the increase in load current.

18-13. All of this is true as long as rotor
speed is maintained. The flux produced by the
load current has an effect on the speed of the
rotor. The load current produces a magnetic
field which magnetizes the iron core (stator) in
such a manner as to tend to keep the rotor from
moving. To overcome this holding effect, more
power, or torque, must be applied to the rotor
to maintain the load at the same speed. Then
for a real or KW load on the generator, we
can see that the primary consideration is power
(torque). Very little increase in regulator output
is needed.

18-14. The voltage vectors for a lagging power
factor (KVAR) load are shown in figure 51
(B). The load current and IR drop lag the ter-
minal voltage by angle e. In this example, the
armature drop (I) is more nearly in phase with
Et and the generated voltage (Es). Therefore,
the terminal voltne is approximately equal to
the generatei voltage, less the armature I drop.
Because the rop is much greater than the IR
drop, E, is red ced that much more. Why is
this? The flux (magnetic field) produced by the
load current is 180° out of phase with the mag-
netic field that produced it. Under these condi-
tions, it is necessary to greatly increase the mag-
netic field inducing the voltage (Es) in order
to maintain generator output at preset .value.

18-15. You can see for the condition above,
there is no requirement to increase the torque
applied to'the rotor. Rather, the strength of the
generator field excitation must be increased in
order to maintain generator output at a constant
value. Keep in mind, then, that the voltage reg-
ulator for the most part. determines the genera-
tor's ability to carry a reactive load.

18-16. The voltage vectors for a leading power-
factor load are shown in figure 51 (C). The
load current and IR drop lead the terminal volt:
age by angle 9. This condition results in an in-
crease in terminal voltage above the value of E.
The total available voltage of the ac generator
phase is the combined effect of EG (rotationally
induced) and the self-induced voltage (not shown
in the vectors). The self-induced voltage, as in
any ac circuit, is caused by the varying field
(accompanying the varying armature current)
linking the armature conductors. The self-in-
duced voltage always lags the current by 900;
therefore, when I leads Et, the self-induced volt-
age aids EG, and Et increases. Under these con-
ditions, the field current would have to be
decreased by the voltage regulator.

18-17. Also, due to a mechanical lag of the
rotor, the stator current causes the pole shoes of
the stator core to be magnetized so as to attract
the rotor poles, thereby tending to pull it through
as a Motor. This condition also calls for a slight
decrease in the torque required to drive the rotor.

18-18. It should be obvious from our discus-
sion so far, that it is virtually inwsible to ap-
ply a zero power-factor load to an ac generator,
but just as obvious that almost all loads will con-
tain a degree of reactance. The type of react-
ance normally encountered is inductive.

18-19. Paralleling Requirements. In order to
impnve the reliability and power capabilities 'of
the aircraft ac electriCal-power system, constant-
frequency ac generators are often operated in
parallel. However, before ac generators can be
safely paralleled, the following conditions must
be met.

The generators must be of like design.
They must have equal terminal voltage.
They must be of equal frequency.
Their,voltages must be in phase.
Their phase rotation must be alike.

18-20. After the above conditions have been
satisfied, the generators can be paralleled. How-
ever, to keep these generators operating in par-

.

allel, the torque of the drive unit as well as
generator excitation, must be controlled.

18-21. The amount of real power delivered by
any generator is determined by the real load (as
mentioned in previous material) and the power
delivered-by the prime mover (drive unit). The

.. reactive power requirements of a generator are
determined by the reactive load on the bus and
the excitation difference between generators.
Paralleled generators which are equally excited
and delivering the same output voltage, have no
local currents circulating between them.

73,

324

2/4



& 2

A
4301.10.1.2

' Figure 52. Generator output voltages (parallel
-operation).

18-22. In figure 52, the generators (A) are
delivering the same voltage of the same polarity
at the same time. Since the voltages are in

phase, both in polarity and magnitude, each gen-
erator shares the load equally, and the generators
do not appear as loads to each other. However,
in figure 52 (B), the generators are in phase but
unequally excited. Since a voltage difference
exists, current is delivered from generator Nr. 1
to generator Nr. 2. Generator Nr. 2 presents a
high inductive load, and the energy must be dissi-
pated by the 'high-voltage generator. Later in
this chapter, w, will discuss in some detail load
control between paralleled ac generators. At this
point in our discussion, it is only important that
you understand the various types of ac loads and
their effect on the generator.

18-23. Generator Rating. The last point to
consider in our discussion of generator principles
is'how the ac generator is rated. The rating of an
ac generator pertains to the load it is capable of
supplying. The normal load rating is the load it
can carry continuously. Its overload rating is the
above normal load which it can carry for speci-',
fled lengths of time only. The load rating of a
particular generator is determined by the internal
hear it can withstand. Since heating is caused
mainly by current flow, the generator's -rating is
identified very closely with its current capacity.

18-24. The maximum current that can be
supplied by an ac generator depends upon (1)
the maximum heating loss (I2R power loss) that
can be sustained in the armature, and (2) the
maximum heating loss that can be sustained in
the field. The armature current varies with the
load. This action is similar to that of dc genera-

\ tors. In ac generators, however, lagging power
factor loads tend to demagnetize the field, and
the terminal voltage is maintained only by in-
creasing the ,dc field current. When the power
factor is low and a generator is delivering a
power load within its rated capacity, the current

may be far in excess of the rated capacity of the
generator. Therefore, ac generators are rated in

terms of armature load current and voltage out-
put, or kilovolt-ampere (KVA) output, at a

specified frequency and power factor.
18-25. VariableFrequency_Generators._ The

Air Forces uses various types of variable-fre-
quency ac generators today, but for this discus-
sion we will consider only the single-phase vari-
able-frequency ac generator.

18-26. Construction features. Generators of
the variable-frequency single-phase type are sim-
ilar in appearance to the dc generator discussed
in Chapter 3. The general appearance may vary
with the manufacturer, but only slightly. How-
ever, we are interested in the internal construe-
tioti, and for this explanation we shall examine a
B-1 single-phase variable-frequency ac genera-
tor.

18-27. The stator (see fig. 53), which is the
stationary set of windings (F), includes 12 !amt..
nated pole shoes whose field windings, are con-
nected in series. These shoes incorporate
damper segments which form a complete "squir-
rel cage" winding. Such construction affords a
more even distribution of the field flux. The
purpose of the damper feature is to provide a
better waveform in the generator output voltage
by smoothing out the field current pulsation pro-
duced by the exciter regulator.

18-28. The terminal block, figure 53 (E), is
made of molded plastic and.is mounted on the
outside of the generator housing. The terminal
block has four terminals, ty/6 for the field circuit
and -two for the ac output.

18-29. The rotating member of tbe gene6tor
is composed of the rotor windings (H), in which
ac voltage is induced by rotation through the
magnetic field produced by the field windings
(F), and collector rings (I), which in turn pro-
vide a means of coupling the induced voltage to

41" the output terminals of the generator. The rotor
winding and collector ringr-are mounted on a
shaft which .is suppOrted between ball bearings
(A). A spindle (G) which mates directty to the
drive unit or engine is coupled to the shaft by
mtans of a splined coupling along with a friction
shoe damper (J). The damper provides isolation
from torsional oscillations which in turn reduces
wear and prevents spindle breakage.

18730. A laminated asbestos phenolic ring
serves as a mount for two pair of brass brush
holders (C). The carbon brushes (D) in the
holders are held firmly against the collector rings
by springloaded fingers. Cooling is provided by
blast air through the blast tube (B).

18-31. Generator operation. Our discussion
here is limited to a brief review of generator
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operation. Variable-frequency generators are de-
signedlo operate at a given kva rating at speeds
between 3800 to 10,000 rpm. These generators

.may be rotated either clockwise or counterclock-
wise, but the Ibrushes must be reseated if the
direction of rotation is reversed. Then, too, be-
cause of the variable frequency, these generators
ciannot be.operated in parallel. Because collector

e usgenerator shduld not
be connected to heavy loads, for the brushes- have
a tendency to arc and spark under heavy-load
current.

18-32. Close voltage regulation is necessary
for the satisfactory operation of all electrical
equipment. For the single-phase type B-1 ac
generator, voltage regulation is achieved with an
A-1. exciter-type regulator.

18-33. This exciter regulator.j..ynothing more
than a heavy-duty vacuum-tube rectifier. Such a
unit tikes power from the generator output and
converts it into: dc, which is sent through the
-generator field to magnetize the field poles. A
bridge pa a phase-shift network controls the
regulator output to maintain a constant genera-
tor voltage output. Since the residual yoltage of
the generator is not high enough to operate the

_.,

exciter regulator, current is taken from the air-
craft's dc bus for initial excitation. In a sense,
then, the generator is a self-excited unit except
for the first few seconds, when power is taken
from the aircraft's dc power distribution system
for excitifig curreut. If the generator speed falls
below 3000 rpm,Ithe exciter regulator ceases to
function.

18-34. Keep in mind that only a KW load
(real load) is applied to the variabler=frequency-
generator. This type of generator is connected
directly to the engine; thus, the torque require-
ments are automatically taken care of by the

engine as load is increased or decreased. Very
little change in regulator output is required as
long as the speed remains the same.

18-35. When engine 4eed is changing, regu-
lator output must also change to maintain a con-
stant generator output voltage. In other words,
exciter-regulator output will . have a greater
change with respect to changing speed than it
will have with respect to changing load condition,
provided the load range of the generator is not
exceeded.

18-36. The voltage output of the B-1 vari-
able-frequency generator is single-phase 115

3/6

A. BALL BEARINGS
II. BLAST TUBE
C. BRUMHOLDERS
D. BRUSH

E. TERMINAL BLOCK
F. HELD WINDING

G. SPINDLE

H. ROTOR WINDING
I. COLLECTOR RINGS
J. FRICTION SHOE DAMPER

figure 53. Single-phase variable-frequency ac generator.

75

3 2 6

a
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the same as th
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r, there are some three-phase
y generators in use by the Air
ut voltage of these generators is

of a constant-frequency three-
which will be discussed next in

18-37. Cims t-Frequency Generators. Most
aircraft ac ele trical equipment has been de-
signed to operate from a constant-frequency
source of ac power. Aircraft electrical equipment
can be designed to operate at almost any given
frequency. However, designers have agreed that
electrical equipment required for use aboard air-
craft will operate satisfactorily at 400 Hz. De-
signers have also found that aircraft electrical
equipment designed to operate at 400 Hz stays
well within the weight restrictions imposed on the
design of such equipment.

18-38. There are two different tyes of con-
stant-frequency generators in general use in the
Air Force today. They are the brush type and
the brushless type, either of which may be air
cooled or oil cooled. In this discussion we will
discuss both types of ac generators.

COOLING AIR OUT

9. Brush-type ac generator. The A-1 ac
enerator is a revolving field type of generator.

The salient points of this generator are shown in
figure 54. In this generator, dc from an integral
exciter generator is passed through windings on
the rotor by means of sliprings and brushes. This
maintains a rotating electromagnetic field of
fixed polarity (similar to a rotating bar magnet).
The rotating magnetic field, following the rotor,
extends outward and cuts through the armature
windings imbedded in the surrounding stator,
thus inducing a voltage. Since the output power
is taken from stationary windings, the output may
be connected through fixed terminals directly to
the external load. This is advantageous, in that
there are no sliding fontacts, and the whole out-
put circuit is conti uously insulated, thus mini-
mizing the dange of arc-over.

18-40. Slipri s and brushes are still used on
the rotor to s ply dc to the ac generator field.
They are adeq ate for this purpose, because the
power level in the field circuit is much lower
than in the armature circuit.

T3 ITI,T2.T4,T5,T6 HIDDENI

;TERMINAL BLOCK

F AIA+HIDDENI

TERMINAL BLOCK

EXCITER ARMATURE

COmmUTA10R
SLIPIRING

FAN

,STATOR
WINDINGS

AC GENERATOR
FIELD

COOLING AIR OUT

FXCITER
IELD

-BRUSH SLIP RING

COOLING AIR IN

Figure 54. Type Al generator cutaway.
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Figure 55. Brush less ac generator schematic.

18-41. Brush less-type sac generator. The
brushless ac generator is one of the new units
included on later model aircraft. The change to
this type of geneoior was considered necessary
because the newer aircraft fly at such high alti-
tudes with much !are electrical loads. If you
recall, brushes have been pointed out as a weak
point of the generator system at high altitudes.
With the design of the brushless generator, how-
ever, this trouble has been eliminated:

1842. A brushless generator is really a 3-in-1
unit in that the final output is the result of two
previous stages or sequences. In fact there are
really three separate ancl distinct generators in
the one unit. The first is a permanent magnet
(PM) generator, the output of which energizes
the field of an exciter generator through the volt-
age regulator. The output of the exciter genera-
tor energizes the field of the main generator.
The output of the main generator is fed to and is
controlled by the voltage regulator by controlling
the strength of the exciter output.

18-43. Let us now refer to figure 55 for a
discussion of operation of the brushless genera-
kor. This type of generator contains a permanent
Aagnet generator. which provides the initial ex-
citation of 4800 Hz single-phase power. Current
produced by the PM generator is fed into the
voltage regulator, which in turn is rectified and
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coutrolled by the voltage regulator and fed back'
through pins F and A to the exciter stationary
field. This current, exciting the exciter field, in
turn produces three-phase ac in the rotating .ex=
citer armature. This is then fed to the three-phase
half-wave, rectifiers where it is rectified to pul-
sating dc. This current excites the main rotating
field where it sets up magnetic flux in the field
poles. The rotating magnetic field, cutting con-,
ductors in the ac output windings, produces a

; three-phase ac output.
18-44. Some brushless generators have a com-

pounding winding and a dampening winding in
addition to the main exciter field. The excitation
provided by the compounding winding is propor-
tional to the load on the generator. The voltage
induced in the dampehing winding, by trans-
former action, is proportional to the rate of
change of excitatiod. Thisvoltage is used in a
feedback circuit of the voltage regulator to sta-
bilize the signal in the control system.

18-45. Inverse voltages and negative voltage
spikes, which have an *verse effect oh genera-
tor operation, are compensated for by incruding
in the generator's three capacitors and a diode.
The capacitors are placed in parallel with the
output of the rectifier asseMbly ,ai id the ac gen-
erator rot'ating field. Their putpose is to suppress
rectifier peak inverse voltage, thus preventing
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damage to ,the rectifiers upon-removal of short-
circuit currents or maximuni-load current. A
commutating diode is installed in the rear end
bell of the generator and is connected across the
exciter field winding. The purpose of the diode is
to eliminate or reduce the negative voltage spikes
produced when the capacitor discharges after the
generator control relay has been tripped, thereby
preventing damage in the voltage regulator cir-
cuit due to high transient currents.

18-46. The brushless ac generators are cooled
by either blast air or engine oil under pressure.

,This same oil is also used to cool the rotating
rectifiers, lubricate the end. bearings, and cool
the generator windings.

18-47. Now that you are familiar with the
construction features of the constant-frequency
generators, let us discuss the operating charac-
teristics of these generatoks..

,18-48. Generator ope).atian. You already
know that an ac voltage cattvbe induced in a
stationary coil by rotating a Magnetic field in the
vicinity of the coil. Also, a generator can be
constructed which has the field rotating. With
such an arrangement, the entire load current can
be taken from the stationary winding. Conse-
quently, the total output current does not have
to be carried through the brushes. However,
brushes and sliprings are still used in many gen-
erators to apply a dc voltage to the rotating field.
Actually, the power required to produce a suffi-
ciently strong field is usually less than one-tenth
the maximum output power of the generator.
Therefore, this "rotating field" type of generator
is usually found where fairly large loads are de-
sired. Then, because of the low voltage and cur-
rent value in the field circuit, you seldom en-
counter trouble with this machine.

18-49. Let's return to the simple two-pole
generator for a moment. You will recall that
one cycle of ac is produced every time north
and south poles pass a coil of wire. In order to
produce the required 400 Hz, a two-pole genera-
tor would have to operate at 24,000 rpm. As
stated earlier, aircraft engines, including jets, do
not approach this speed. Therefore, some way
must be devised to attain 400 Hz. This is done
with an eight-pol rotor. If you check with the
frequency formu , you will find that such a rotor
operating at 6 00 rpm will produce a 40Q-Hz
frequency. wh' e some other generators have a
six-pole rotor and must operate at 8000 vpm tc:
produce 409, Hz. Its magnetic poles have a shaft
arrangement that gives alternate north and south
poles. E bh pole has a coil of wire wrapped
around i and the coils are connected in series
with ea other. The free leads at each end are
attach to one of the two sliprings which are
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mounted on the rotor shaft. With this type of
construction, a variable dc may be applied to the
rotor winding for controlling the magnetic field
strength, which in turn determines the voltage
output of the generator.

18-50. By wrapping three more coils, which
overlap each other, arotmd laminated iron pole
shoes fastened to a circular steel housing, we
form what is called the armature of the constant-
frequency generator. Since these coils do not
move, we shall refer to them as the stator wind-
ings.

18-51. These three separate coils are 120°
apart. For this reason, three separate voltages
are induced, 120 electrical degrees apart, when
the rotor assembly is inserted in the stator as-
sembly and is made to turn. Since each of the
stator coils is known as a phase, the output of the
stator winding is called three-phase voltage.

18-52. At this point it is necessary to tread
upon some ground for which the trail has already
been cut. We mentioned that polyphase ac is

made possible by a special type of generator, the
connections for which are either wye (Y) or
delta (A). We showed how they were connected,
and we compared them to each other. Now, we
come down to the practical application of these
connections.

18-53. You know that there a,re two ends to
each phase winding, therefore, six ends protrude
from the stator housing. In order to complete a
path for current from the generator to the load
and back, we must connect these six leads in
either "Y"or "A." Let's start with the "Y" be-
cause it is one of the most commonly

18-54. First, turn to figure 56,A. In this
schematic you see the three coils of the "Y", each
having two leads which extend out through the
stator housing. Connecting three similar leads
together forms a path for current from any one
of the three coils to the other two. This forms
what is commonly referred to as the neutral or
fourth wire (which could be the fuselage) in a
three-phase system. Connecting a voltmeter be-
tween any one of the three open leads and this
neutral, you can measure the voltage induced in
each stator coil. In the three-phase generator
used by the Air Force, this voltage reading
should be 120 volts ac. Since each of the stator
coils is called a phase winding, the voltage of
one coil is called phase voltage. Now, if the
voltmeter is placed between any two of the open
or phase leads, you actually obtain a line voltage
reading, which is the voltage of two of the coils
instead of one. Because the coils are 120 electri-
cal degrees apart, only one of them will be in
full power at a time, while the others ale at
partial power. The combination of the two volt-
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Figure 56. Wye and delta connections.

ages is 1.73 times greater than the voltage of
only one coil, or 208 volts ac. It should be
explained at this point that the voltage in the
partially powered coils is in the same direction

as. the voltage in the fully powered- coil. Thus,

both are in series; which means that the voltage
of the partially powered coils is added to that of
the powered. Therefore, total generator output
voltage is equal to the algebraic sum of the series
voltages. The major advantage of a "Y" connec-
tion is that higher phase to phase voltages can be

obtained.
18-55. On the other hand phase to phase volt-

age of the "A" connection is the same as its phase
to neutral voltage because of the parallel connec-
tion of the stator coils. (See fig. 56,B). How-
ever, it can be put to sood use for it has a higher
current-carrying capacity than the "Y". Now,

let's check and restate the major poinis concern-
ing the "s" system. If the stator windings and the
rotor magnetic strength are the same as those of
the "Y" connection and you place a voltmeter
between any two of the three protruding leads,

you obtain the measurement of only t voltage
of one coil or 120 volts. Inasmuch as t ere is no
neutral or fourth wire in a "A" system, th phase
and the line, voltage art the same.

18-56. The generator is driven by a constant-
speed drive unit, which in.turn is driven by the
aircraft engine. The drive unit is controlled by a
frequency and load controller. A voltage regula-
tor regulates the voltage output level of the gen-

erator, while a control panel protects the electri-
cal system and components automatically when

faults occinr, by removing the generator from the

bus. Both the voltage regulator and the fre-
quency a d load controller provide load division
during Jarallet operation of the generators.

1/4

18-57. Load characteristics were explained
earlier in this chapter. Recall that real load
(KW) requires a change in torque output of the
drive and that since this is a constant-frequency
system, the speed must not change.- Reactive
load (KVAR) will require the exciter-generator
field current to change ,w,ith changing reactive
load. -

s:i18-58. From our study of the generat rs you
should understand that any change in ge erator
load will require a change in both excitati n and
torque. You should keep in mind that the power
output of the drive is proportional to the real
load on the generator+ and that generator excita-
tion is- proportional to the reactive load on the
generator. The complete generator system oper-
ation is discussed later in this chapter.

1849. Maintenance Requirements. The. de-
tailed repair and overhaul of ac generators can
be performed by a field maintenance activity or
by a depot. Normally generators are not re-
paired by organizational maintenance. The ex-
tent of repairs that may be performed by a field

maintenance activity are determined by the
availability of special tools, test equipment, tech-
nical orders, parts, and skilled personnel. These
resources must lfes made available before an ef-
fective overhaul can be performed at the field
maintenance level.

18-60. Generator maintenance, repair, and

overhaul. Before repairing or. overhauling an ac
generator, you must check the applicable techni-
cal order. This technical order contains a de-
tailed step-by-step procedure for the task to be

performed. .

18-61. Normally the repairs performed by the
"field maintenance activity include: cleaning, in-
specting, replacing of bearings, brushes, and the
rotor assembly if it 'cannot be turned down on a
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lathe to technical order specifications, and insula-
tion breakdown testing of the windings and leads.
When a kit is supplied for the repair ot a genera-
tor, it wilt contain all the necessary parts for the
tepair.

18-62. It sometimes becomes necessary for a
field maintenance activity to set up facilities to
completely rebuild the ac generators because ci
either a shortage in supply or a high usage rate.
In case the facilities must be set up, most of the
required equipment, such as an oven for baking
and drying insulation, special tools, and jigs, can
be obtained through supply channels. It is hot
unusual for maintenance personnel to fabricate
other special tools to accomplish this type of
maintenance. This equipment, the repair kits,
and skill all enable the field maintenance activity
to turn out completely rebuilt ac generators of
the highest quality.

18-63. Since there are numerous types and
models of ac generators, we will not attempt to
discuss the overhaul of a specific one. We do
stress the importance of following the technical
order for the unit. Special attention should be
paid to the WARNINGS and CAUTIONS men-
tioned in the technical order. These points
should not be overlooked when maintenance
personnel are inspecting, repairing, or overhaul-
ing the unit. Neglect of these points could cause
injury to personnel, damage to the unit, or even
the loss of an aircraft and crew.

18-64. Testing. All ac generators that have
been .repaired or overhauled 'must be perform-
ance tested. This is done by mounting the gen-
erator on the appropriate test stand and con-
ducting the tests outlined in the technical order.
We have already discussed the ac generator test
stand in detail in Chapter 2 of this volume.

18-65. The actual tests performed on each
generator vary between generators. These tests
generally include a method of checking stability
of regulation at both minimum and maximum
speed under no-load and full-load conditions.
Immediately following these checks, and while
the generator is still hot, a dielectric test is gen-
erally made. An insulation breakdown tester or
a source of high-voltage ac, as specified in the
technical order, can be used for this check. The
dielectric test will point but possible insulation
breakdowns that could occur when the generator.,
reaches normal operating temperatures.

18-66. This concludes our discussion of ac
generators. The next section is devoted to the
generator drive which provides a means of turn-
ing the ac generator at a constant speed.

19. AC Generator Driv
19-1. In the first part of this chapter you

learned that most aircraft having alternating cur-
rent as the primary source of electrical power,
use constant-frequency systems. That is, the fre-
quency of he alternating current is maintained
within the desired limits. It is necessary to have
some mechanical means of turning the generator
at a constant speed, regardless of any variation
in engine speed or generator load..

19-2. Although you are responsible for only
certain components of a generator drive, you
must have a complete understanding of ihe prin-
ciples of operation of each type of drive. This is
because many of the troubles that occur in ac
systems are caused by drive malfunctions, and
you must know enough about the drives and
their control systems to distinguish between drive
troubles and system troubles. Also, the drive
units have electrical control circuits for which
you are responsible.

19-3 Hydraulic Constant-Speed Drive (CSD).
The constantispeed drive is a hydraulic mechani-
cal transmission that converts variable engine
speed to a constant 6000 rpm output to drive a
generator. The type CSD used to drive the 40-
KY-A generator will be used as a model in the
discussion. The input power to the unitis taken
from the engine accessory section through a uni-
versal fitting. The ac generator, connected'to the
output of the drive unit, rotates at 6000 rpm.
Although the CSD is a hydraulically operated
unit, it is important that you understand the prin-
ciples by which it operates. The discussion will
begin with the main part of the drive, cylinder
block assembly.

19-4. CYlinder block assembly. Figure 57
shows a schematic of a typical CSD unit. The
cylinder block assembly consists of a piston-type,
fixed-displacement motor. The pump and
motor, which rotate within the case of the unit,
are connected by a port plate, located between
the motor cylinder and the pump cylinder, that
allows the transfer.of oil between the pump and
motor. The variable-displacement pump unit
consists of a pump cylinder block assembly and a
pump wobbler assembly controlled by the drive
governor system. Oil pressure supplied by the
two charge pumps (also shown in figure 57)
holds the pump piston rods against the pump
wobbler, and stroking occurs when the cylinder
block assembly is rotated:The pump unit volu-
metric displacement is, varied by changing the
angle of the variable pump wobbler plate.
Changing the angle of the variable pump wobbler
changes the reciprocating action of the pump pisll
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tons and causes the oil to be transmitted through
the port plate to the hydriulic motor.

19-5. The fixed displacement motor unit con-
sists of the motor block assembly and the motor
viobbler plate. The oil pressure delivered through
the port plate from the pump farces the pistons
of the motor against the motor wobbler plate.
The force the pistons exert on the wobbler plate
is determined by the pump output; the greater
the pump output, the greater the force exerted
by the motor pistons against the motor wobbler
as the cylinder block rotates. The motor wobbler,
which is free turning, is connected to the output
gear section to drive the generator. Thus, the
linear piston action is converted to rotary motion.

19-6. Before you learn how the output of the
drive is varied by changing the angle of the pump
wobbler, let us discuss some of the conditions
under which the drive operates. There are three
distinct phases in the operation of the drive. One
occurs when the drive is accepting input rotation
and stepping it down. This is known as under-
drive. Another occurs when the drive is accepting
input rotation and stepping it up. This is known
as overdrive. Another phase is straight through,
when the input rotation drives the cylinder block
at a rate that requires no modification. Now,
let's examine each of these phases in detail.

19-7. Underdrive. When the pump wobbler
is moved to the underdrive position, which is the
position opposite to that shown in figure 57, the
output speed of the motor wobbler becoMes less
than the speed at which the cylinder block is
being rotated by the aircraft engine. The angle
that the pump wobbler now assumes is such that
the ratio'of displacement of the motor is greater
than that of the pump. In this condition, the
pump ceases to supply working pressure to the
motor. This allows the motor pistons to stroke
under the influence of the reactive torque (load)
of the generator, and oil is displaced to the pump.

e motor wobbler is then driven at a slower
spe e. than the cylinder block.

19-8. rverdrive. When the cylinder block ro-.
tation is ow the required 6000-rpm output,
the pump wobbler assumes an overdrive position,
as shown in figure 57. With the pump wobbler
in this position, the displacement of the pump pis-

%oath tons is greater than the displacement of the mo-
tor. Pumping of oil then takes place from the
pump to the motor, and the reciprocation of the
motor pistons exerts a positive thrust upon the
face of the motor wobbler plate. This thrust
forces the wobbler to increase its rotation above
the rate at which the cylinder block is being
rotated. In this way, the linear thrust of the
pistons is translated into additional rotary motion
of the wobbler, and the output rotation exceeds
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the input rotation. In this manner, the trans-
missionby hydraulic actionadds to the input
rotation speed.

19-9. Straight-through drive. When the iniut
to the transmission equals the desired 6000-rpm'
output; iheP-ump wobbler-aisumesTh straight:-
through drive position. This angle is such that,
neglecting piston blowby, there is no reciprocating
of the pistons and no displacement. In this phase,
rotary motion is transmitted through the trans-
mission without gain or loss, and is simply a
coupling between rthe aircraft engine and the
generator.

19-10. Now that you are familiar with the
operation of the cylinder block assembly, let us
see how the pump wobbler is moved in.response
to changing speed conditions. We have stated
that the angle of the pump wobbler is controlled
by the drive governor system. We will now dis-
cuss the drive governor system.

19-11. Drive Governor System. The governor
system has two functions: (1) to control the
drive output speed, and thereby the generator
frequency; and (2) to equalize the load between
generators operating in parallel. The drive gov-
ernor system consists of the wobbler control, the
basic speed governor, as shown in figure 57, and
the unit known as a frequency-and-load controller
(not shown). The arrangement and operation
of these units make it possible to accurately con-
trol the angle of the pump wobbler, and hence
to control the output speed of the drive.

19-12. Wobbler control. The wobbler control
shown in figure 57 operates in conjunction with
the basic speed governor to position the pump
wobbler in response to speed changes.

19-13. Basic speed governor. The basic speed
governor is a spring-biased, flyweight-type gover-
nor. It is driven from the output gears of the
drive and senses variations from the desired 6000
rpm. When the output speed increases, centrifu-
gal force causes the flyweights to move farther
apart, and when the speed decreases, the fly-
weights move inward. The flyweight assembly
is connected to a piston that meters oil to either
side of the wobbler control. As oil is metered
to either the underdrive or overdrive side of
the wobbler control, the pump wobbler angle is
changed. In this manner, the governor responds
to speed and load variations and produces a con-
stant output speed.

19-14. The term "basic speed governor" is de-
rived from the fact that the metering piston that
directs oil to either side of the wobbler control is
spring-biased so that it establishes a basic gen-
erator frequency of 395 Hz. In this manner, if
electrical control of the drive is lost, the system
will cjrop to 395 Hz. Since 395 Hz is only a
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reference frequency, some means must be pro-
vidid to adjust and maintain the frequency at
the desired 400-Hz point. This is the purpose of
the frequency-and-load controller. The fre-
quency-and-load controller is a device that senses
deviations from the desired frequency and the
amount of load on the generator, and adjusts the
basic_ .spees1 governor so that the pump wobbler
is positiorW at the correct angle to maintain the
output of The drive within the desired limits. The
operation of the frequency-and-load controller
will be discussed in greater detail later in this
volume, but for the present, we shall discuss the
various means provided to adjust the basic speed
governor to maintain the desired 400-Hz fre-
quency.

19-15. Some models of the constant-speed
drive use a precision frequency control motor to
mechanically adjust the basic speed governor in
response to signals from e frequency-and-load
controller. The motor is a two-phase induction
type, connected to a gear arrangement that re;
positions the metering piston of the basic speed
governor as necessary.

19-16. The drive shown in figure 57 adjusts the
basic speed governor magnetically. In this basic
speed governor, the flyweights are alnico slugs
soldered to the shoe of a standard flyweight. A
trim coil is mounted in the governor head directly
above the flyweights. The coils receive signals
from the frequency-and-load controller and .mag-
netically trim the_speed of the drive by adding
to or subtracting from the centrifugal force of
the flyweights.

19-17. Now that you are familiar with the nor-
mal operation of the drive, we shall turn to some
of the abnormal operating conditions, such as
overspeeding and underspeeding.

14)-18. Limit governor. The limit governor is
the second of the two flyweight governors (see
fig. 57). It is a protective device, and it serves
two purposes; it places the drive in a full under-
drive condition, in case of an overspeed or un-
derspeed of the output; and it automatically
removes the generator of that particular drive
from the load. The units concerned with pro-
tecting the drive from over/under speed condi-
tions are the limit governor, the erspeed-and-
overspeed pressure switch, and the Jtle valve.
These units, in conjunction with the basic speed
governor, control oil pressure to either side of
the wobbler control. To understand their opera-
tion, let us assume that the drive is in an over-
speed condition.

19-19. Overspeed. The drive is considered to
be in an overspeed condition when its output
speed is in excess of approximately 7000 rpm.

In normal operation* (6000 rpm output range),
the limit governor and the shuttle valve have no
effect on the system. Although the flyweights ro-
tate, they do not exert enough force on the mez.
tering piston inside the limit governor to over-
come the spring tension exerted on the piston.
The only effect, of the governor is that the me-c
tering piston moves far enough to allow oil pres-
sure to operate the underspeed-and-overspeed
pressure switch. When the underspeed-and-over-
speed pressure switch is actuated, it allows the
generator to be connected to the aircraft bus
system. This will be discussed in greater detail
later in this volume. For the present, it is enough
to know that when the pressure switch receivet
oil pressure, the generator output can be used;
and when the underspeed-and-overspeeti pressure
switch is not receiving oil pressure, the -.generator
is de-excitel and has no usable output'. Also,
under nornial conditions, the shuttle valve is in
such a position that it allows oil pressure to be
ported to the overdrive side of the wobbler con-
trol. Now, let's see what happens when the drive
goes into an overspeed condition.

19-20. As the speed of the drive increases
above approximately 7000 rpm, the flyweights of
the limit governor move farther apart and adjust
the metering piston to a position which allows
the oil supply to both the shuttle valve and the
pressure switch to drain into the sump of the
drive. When the oil is drained from the shuttle
valve, the spring inside the -shuttle valve forces
the valve stem downward. This action effectively
shuts off the oil supply to the overdrive side of
the wobbler control and also drains the remaining
oil out of the overdrive side. Now, the oil sup-
plied through the linut governor forces the wob-
bler control into the maximum underdrive posi-
tion (negative angle), and the drive starts to
slow down. At the same time, when the.oil pres-
sure was drained from the pressure switch, the
generator was de-excited and that generator yin
removed from service. A shutdown caused by an
overspeed condition is an irreversible process, be-
cause the charge pumps will maintain enough
pressure to keep the shuttle valve in the down
position and the pcmp wobbler remains in the
maximum underdrive position. The limit governor
metering piston is alp held in a position that
prevents oil pressure from entering the pressure
switch, and .thus the generator cannot be put
back into service. The drive cannot be recycled
until the engine has completely stopped.

19-21. Underspeed. The drive is considered
to be in a'n underspeed condition when the out-
put speed drops below approximately 4500
rpm. Under this condition, the limit governor
flyweights move farther in. and (as in an overt
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speed condition) the shuttle valve stem moves
down, the oil is from the overdrive side of the
wAbler control, the pump wobbler moves to a
negative angle, and the oil is ported from the
underspeed-and-overspeed pressure switch. The
only difference between an overspeed shutdown
and an underspeed shutdown is that in. an under-
speed shutdown the drive can recycle itself if the
speed is brought back to normal* Oil pressure
will not hold the shuttle' valve in the down po-
sition, nor will the port to the pressure switch be
blocked if the output speed becomes normal
again. The drive and generator,can be returned
to operation if the drive shuts down because of
an underspeed condition, but cannot be used
again in flight if the drive has shut down be-
cause of an overspeed condition. There are a
few more features of this drive that we sho
discuss before we can discuss other types of gen
erator drives.

19-22. Overrunning clutch. The clutch is a
one-way device through which the generator con-
nects to the output gear section of the drive. It is
a sprag-type unit that prevents an overrunning
or motorized generator from damaging the drive.
As long as the drive is turning the generator, the
clutch is engaged. If, for some reason, the gen-
erator is being motorized, or is turning faster
than the drive, the clutch is disengaged and al-
lows the generator to run free.

19-23. Decoupling. Some late model drives
have decoupling circuits that enable the input to
the drive to be completely disconnected from the
aircraft engine if a drive malfunction occurs.

19-24. The typical csD we have just de-
scribed is designed to operate a 40-kva ac genera-
tor. This drive can best be described as a
"linear" drive to distinguish it from a newer type
of CSD that uses radial type pumps.

19-25. Drive tnaintenance. Only limited re-
pair of a constant-speed dri is authorized at
field level. If your shop

of
not have the basic

field test stand, no attempt should be made to
repair any of the drive components.

19-26. The main housings of the drive should
not be opened under any circunistances. Internal
servicing of the CSD requires controlled environ-
mental conditions, ind special test equipment and
tools not generally available to your shop. Only
those parts listed in the replacement parts chart
of the technical reference for the particular drive
on which you are working should be removed
and replaced or repaired. You will usually find
that repairs will be liinited to such items as oil
filters, pressure switches, external plumbing,
andin sbme cases--governor assemblies.

.,

,.

20. AC Generator Control
System Components '

20-1. In this section you will learn the various
control and protective devices that make up a
constant=frequemy ac generat6r system. Foldout
number 2 shows a complete generator control sys-
tem with the necessary control components.

20-2. A complete and thorough knowledge of
how these components operate is vital to the suc-
cessful performance of your job as an aircraft
electrician. For example, you will often be re-

quired to perform an operational check of a gen-
erator system. If you don't know how the system
operates under normal conditions, you can see
that it would be very difficult to detect any
abnormal conditions. It is not enough that,you
know that a drive unit is used with a constant-
frequency system, or that a certain type of volt-
age regulator is used with a certain generator.
You must have an intima , working knowledge
of how these units opera e, when they operate,
and what effect they have on a system when they
do not operate.

20-3. Frequency and Load Controller. There
is a frequency and load controller for each gen-
erator. It senses the real load deviation (both
magnitude and direction) from the average real
load shared equally or balanced among the gen-
erators operating in parallel. The controller sup-
plies a signal to the speed governor setting, on
the generator drive, to correct any deviation of
the generator from the average load.

20-4. The controller senses the generator fre-
quency through a frequency discriminator circuit
and controls the drive from the output of the
magnetic amplifier section. The real load is
sensed by the current transformer assembly which
is attached to T3 on the generator feeder line,
as shown in figure 58. The current .transformer
assembly is part of a load-division loop between
generators operating in parallel. The load-divi-
sion loop may be interconnected for parallel op-
eration through the bus tie and generator breaker
contacts. On some aircraft the controller load
input signals are balanced by interconnection of
the signal input circuits, while on others they are
interconnected through an equalizing loop. Any
real load unbalance between the generators is

sensed by a network of current transformers,
which is also known as the load-division loop,
and will produce currents in the equalizing cir-
cuits which cause the controllers to reposition the
frequency control on the drives in a direction to
correct the load unbalance. Thus, each controller
has two circuits, (1) the frequency control mid
(2) the load control. These circuits operate
through a magnetic amplifier to control the fre-
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te:

quency of their respective generators and divide
the real load between paralleled generators. Let's
follow the schematic in figure 58 and discuss
how the controller functions.

20-5. Load-control circuit. A reference volt-
age for load sensing is provided at the output of
a load-control circuit. The source of this voltage

__Is_ the excitation_winding aerminals__Land 2) of
the magnetic amplifier which is .connected to T3
of the generator output and to ground. An aux-
iliary power winding then supplies an ac voltage
to diodes CR1 and CR2, from terminals 12 and
15, with the circuit being completed through ter-
minals 13 and 14. The load control circuit, made
4q, of CR1, CR2, R2, R3, RIO, and Cl, pro-
vides a dc signal whose magnitude and polarity
are dependent upon the magnitude and polarity
of the current-transformer load-loop signal. This
signal is impressed on resistor R13.

20-6. In operation, RIO is adjusted so the load-
control circuit provides zero output when no sig-
nal appears on R13. The ac signal from the cur-
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rent-transformer load-division loop enters the
load-control circuit across RI3 and R15. These'
two resistors form a voltage divider circuit. When-
the ac signal of R13 is in phase with the voltage
on T3 of the generator, it adds to the voltage
across one resistor and the same side of R10
and subtracts from the voltage across the other
resistor and_the other side_ bf RIO. The situa-_
tion is reversed when the ac signal on R13 is out
of phase with the volt4e on T3 of the generator.
The net voltage across R2, R3, and RIO is the
difference between the opposing voltages on the
upper and lower halves. Thus, the resultant volt-
age will increase as the generator load unbal-
ance increases, and decrease as the generator
load unbalance decreases. This voltage is then
applied to a compensation network. This is a

lead-lag circuit composed of C2, C3, C4, R4,
R5, and R6. The purpose of this circuit is to
improve the -response of the system to sudden
changes in generator load and to boost the gain
of the controller when the error signal is small.
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THEprevents oscillatory motion or "hunting" of
the speed governor in response to large error sig-
nals, and insures rapid corrective action when
the error signals are small. Resistor R16 can
be adjusted to vary the steady-state gain on the
controller. The output of the compensation net-
work is applied to a control winding (terminals
3 -aid 6) of ifie- mainetic -amplifiez'7The mag-
netic amplifier boosts this dc signal and produces
a dc output which is applied to the trim coil of
the generator speed governor. The magnitude and
polarity of this output are dependent upon the
magnitude and polarity of the dc input. The
output of the magnetic amplifier appears across
the generator speed governor and resistors R11
and R12.

20-7. FrequencyCOntroi circuit. During nor-
mal operation an ac voltage from the auxiliary
power winding js applied to a full-wave rectifier
circuit consisting of CR3, CR4, and R7. The
resulting pulsating dc voltage is then impressed
across R8, R9, R17, and the remote frequency
and real load control. This circuit forms a bridge
which makes it possible to apply a dc signal to
a control winding (terminals 7 and 8) of the
magnetic amplifier. This signal, in turn, provides
a bias voltage to the trim coil which may be
varied with the frequency coxitrol potentiometei.
The effect of this bias is to control the frequency
of the generator output.

20-8. Automatic Paralleling Unit. The auto
parallel unit automatically controls closing a se-
lected generator breaker for paralleling opera-
tions. The phase "A" voltage of the incoming
generator (unit selected) and the. phase "A"
voltage of the generator(s) on the bus tie are

_compared by a phase sensing circuit in the auto
parallel unit. When the two voltages art in
phase, a relay in the auto parallel unit closes
the generator circuit breaker to parallel the ma-
Chines. Under steady state conditions of load and
input speed, the drive maintains the generator
frequencies at 400 ± 1 Hz if the frequency and
kws control on the electrical contror panel is at
its mid point of travel. The frequency and kws
control provides a generator frequency variation
of ± 2 Hz. The auto parallel unit will operate
only if the generators to be paralleled are
slightly put of phase.

20-9. The frequency difference between the
generators must be two cycles per second or less.
Therefore, it may be necessary at times to repo-
sition the frequency and kws control to bring the
two generators to within two cycles per second.
When there is no voltage on the bus tie, the
auto parallel unit does not affect control of the
generator breaker due to auto parallel control
relay action. The control relay transfers genera-

1 80° 0°
P H A

A. POINT WHERE RELAY #1
ENERGIZES
POINT WHERE RELAY #1
DE.ENERGIZES

Fiimre 60.

C. OPTIMUM PHASE ANGLE
FOR PARALLELING

T. DELAY TIME OF RELAY #2
PLUS CIRCUIT BREAKER

Time curve.

tor close coil control between the generator
breaker switch and the auto parallel unit. The
relay is energized by power from the bus tie
through the "VOLTMETERSYNC LIGHT
FREQ METER" circuit breaker on the main ac
power panel..

20-10. Now let's take a look at how this is
accomplished. The automatic paralleling unit is
connected in the generator control circuit as shown
in figure 59.

20-11. The paralleling circuit works at a maxi-
mum difference frequency of 4 cps between the
two ac generators. A full-wave rectifier is con-

. nected to the same phase on each ac generator
output. The output of this rectifier is connected
to relay I. The vOltage between the two phases
depends on the phase angle between the two
phases. At a difference of 180° the voltage will
be at its maximum, twice the phase voltage.
When the phase difference is zero degrees, the
voltage difference will also be zero. As this volt-
age rises, the output voltage of RTI rises (see
fig. 60). Relay J actuates (point A) and
connects capacitor C 1 in series with diode .D1
across the rectifier. Cl in charges through D1
to the maximum voltage across the rectifier. D1
prevents CI from discharging during the time the
vqtage is decreasing from the peak value to
point B. When the voltage output of the recti-
fier drops sufficiently (point B, fig. 60), relay I
deenergizes and Cl discharges through relay II.
Relay II actuates and causes the dc voltage at
pins E and H to be connected to pini C and B
of the APU. This dc voltage is applied to circuit
breakers which parallel the generators. R2 pro-
tects rectifier RTI by limiting the current through
the rectifier. R3 and R4, when properly jump-
ered, permit relay I to actuate at the porrect
phase difference. The delay time (T) indicated
in figure 60 allows relays I and II sufficient
time to act before the generators are to lie par-
alleled.

20-12. Mag-Amp Voltage Regulator. A mag-
amp voltage regulator operates on the principle
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of a sattirable reactor. You will recall that we
discussed magnetic amplifiers - and saturable re-
actors earlier in the course. &ow you will see the
practical application of what you have already

learned.
N

20-13. Regulators Operation. A typical mag-
amp voltage regulator is shown schematically in
figure 61. This is a closea-loop voltage regulator
system, and the sensing circuit supplies a signal
proportional to the average of the three line volt-

ages to a dc control winding (sensing circuit of
fig. 61). The voltage regulator, through its con-
trol circuits andits output to the exciter shunt
field tends to mienimize any error, attempting to
keep the generator output voltage constant. This
signal is compared magnetically ato the reference
signal (the reference signal is constant over a
large range of generator output) in the first-stage
magnetic amplifier. The reiultant value of mag-
netic flux of the reference signal and the sensing
signal is called generator error, and this error
controls first-stage output. The output of the
first stage- is used to power the control winding
of the second stage and thereby control second-
stage output to the shtInt field of the exciter.-
generator. The first-stage magnetic amplifier uses
additional windings which assik in the control of
.the output circuit.

20-14. The first-stage output is fed into a

second-stage dc control winding, which is com-
pared to a bias signal. The bias circuit is very
similar to the reference circuit, except that the,
bias circuit signal is variable and is proportional 1

to the line voltage. The magnetic resultant, bias
and the first-stige output signals control the sec-
ond-stage output voltage. The second stage is

called the power stage, and it supplies the dc
power to the exciter field. The amount of dc
povier (excitation) supplied to the exciter, con-
trols the level of output voltage of the ac gen-
erator. .

20-15. To maintain a stable system, a feed-
back network, as shown in figure 61 is necessary.
This circuit takes a rate-of-change signal from-
the exciter output voltage, A+ to A, and
feeds it into a control winding of the first stage.
This signal is in such a direction as to oppose
any change which occurs due to transient load
conditions. .

20-16. In order to obtain output power for the
exciter field from the voltage regulator, ac gen-
erator output is requir d as the input power to
the voltage regulator. A starting relay is used to
permit generator buildu ithout voltage regula-
tion. This is accomplished by using normally
closed circuits connected from A + to F through
the generator control panel. This allows the gen-
erator exciter to use self exditation to build up

the ac generator voltage so that the power is
available for use in the regulator. As soon as
the ac generator builds up to 195 volts line-to-

. Itfe, the start relay contacts are opened. This,
dien, allows the voltage regulator to take control
of the system.

20-17. Boost current transformers, one lo-
cated on each phase lead (see fig. 61) and
connected to the regulator through terminals
CT1, CT2, Ind CT3, are usld to boost or com-
pound the regulator output during overload and
short-circuit conditions. The rated voltage output
of the generator is required under all conditions,
including that of overload. The boost current
transformers inclease the regulator maximum out-
put limit by increasing the voltage supplied to
the second-stage magnetic amplifier output cir-
cuit. When the system is operating at rated volt-
age, the regulator controls the excitation to the
exciter field as required to maintain the system
voltage constant. The boost current transformers
are .used only to extend the maximum output
limit of the regulator. During three-phase short-
circuit conditions, the voltage drops to a low
value, outside the limits of the voltage regulator.
When this occurs, there is no control of the ac
system except by the boost current transformers
which are designed to supply the rated short-
circuit current. Three-phase sgrt circuits are
primarily controlled by the design of the boost
current transformers and the generator. The volt-
age developed across the boost current transform-
ers during three-phase short circuits maintains the
voltage on the starting relay coil so that the con-
tacts remain open when the line-to-line voltage
drops below relay-closing voltage and thereby
prevents the voltage regulator from cycling.

20-18. Undei'varying load conditions, the gen-
erator winding temperatures increase and conse-
quently cause generator losses to increase due tt5
the increased' \resistance. In order to maintain
very closely regulated voltage, a trimming' circuit
or positive feedback circuit is used. This circuit
senses the exciter output v-oltage from A + to
A. A resistor, is added to the feedback circuit

'so that the circuit boosts the regulator output
when kequired at loads of 50 percent and above.

20-19. When several generators are operating'
in parallel, the voltage regulators function to con-
trol the division of reactive load (KVAR), and
they have only a negligible effect on the division
of real load (kw). As'you know, real-load di-
vision is controlled by the speed governors of the
generator drives. ,

20-20. A current transformer, (see fig. 61),
whose primary is the power lead-(T3) from the
generator, has its secondary connected to X1
and X2 on the regulator, which in turn is con-
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nected to the mutal reactor in the sensing c/ii.cuit
of the voltage t,egulators. It is essential that the
current trandormers be connected exactly as
shown and that it be placed on the Power lead
T3 (C phase) with the H1 end of the trans-
former directed toward the generator. The X1
mid X2- terminals of the current transformer are
connected into an equalizer loop (fig. 61), which
is a series-parallel loop itrith the X1 terminals of
one current transformer connected to the X2
terminals of the current transformer of the next
generator in the parallel system. The diagram
shows that one of the auxiliary switches of the
generator circuit breaker is connected to short
circuit terminals X1 and X2 of the current trans-
former when the circuit breaker is open. Thus,
a generator-regulator unit that is disconnected
from the bus will not affect the regulated volt-
age in the rest of the ac system.

20-21. Regulator Control. The performance
of any regulato; depends on the performance of
the- various subcontrol circuits located within the
regulator. We will now discuss these individual
circuits and their operation.

20-22. Reference circuit. The reference circuit
in this regulator supplies a constant output dc
which is used as the name infers. This reference
is a completely static device which is not sen-

. sitive to normal operating frequency changes and
normal voltages changes. If, during normal op-
eration, the references signal (34 to 38 milli-
amperes) is lost for any reason, the voltage reg-
ulator output will go to minimum. When this
happens, the system voltage will cycle because of
the openhag and closing of the starting relay con-
tacts as the system voltage rises and falls. The
system voltage will go to approximately 200 volts
and then fall Off to 100 volts, cycling at a fre-
quency of 5 to 10 Hz.

20-23. Sensing circuit. The sensing circuit
applies a 57-vdc signal, proportional to the aver-
age of the three ac phase-to-phase voltages, to a
control winding of the first-stage magnetic am7
plifier. This signal is in such a direction tsrto
oppose the signal supplied by the reference cir-
cuit, and tends to drive the first stage output to
minimum. If, for any reason, the sensing signal
(28 to 35 milliamperes) is log, the regulator out-
put goes to maximum forcing the output voltage
of the system to go to maximum, which is ap-
proximately 300 volts at 400 Hz with no load
on the generator. Faulty rectifiers in this circuit
usually cause the voltage level of the system to
go high, since they decrease the dc output signal.

20-24. Power tknsformers. The power trans-
formers provide the power required by the reg-
ulator. The primary power of the power trans-
former is wye-connçted with all three phases

3 3 I

tapped. T1, is tapped at 70 volts line-to-ground
(neutral) to supply the voltage for the second-
stage bias circuit. T2 is tapped at 30 volts
phase-to-ground to supply the ac power for the
first7stage magnetic amplifier. T3 is tapped at
120 volts phase-to-ground in orderlto supply the
power for the reference circuit.

20-25. Current transformers. The lioost cur-
rent transformers are used to supply the voltage
required by the second-stage amplifier during

" sh ort-circui t conditions. The secondary voltage
of a current transformer will be approximately 20
volts at 200 percent short-circuit current. If the

kurrent transformers are not connected, the reg-
tor will not have sufficient power for the

magnetic amplifier power circuit, and therefore
the system will cycle as if there were no ref-
erence current. If the current transformers are
connected in reverse, there will be a decreasing
system voltage as load is applied to the generator.

20-26. Starting relay. The starting relay is
used to short out the regulator, complete the -ex-,
citer field circuit, and allow the generator to
build up under self-excitation. The opening
voltage of the relay is approximately 195 volts
phase-to-phase. Should the relay have an open
coil or welded contacts, the power system will
go to overvoltage, 300 volts at 400 Hz. On the
other hand, high-resistance contacts will keep the
generator from building up. With the field flash- %

ing circuit there should be no difficulty due to
high-resistance contacts.

20-27. Bias circuit. The bias arum is used
to bias the second-stage magnetic amplifier to
miniinum, opposing the first-stage output power.
The output of the bias circuit is approximately
32 milliamperes. Should this signal be lost, the
regulator output will /end to be high, forcing the
system voltage high.

,20-28. Amplifier Stages. The first stage mag-
netic amplifier is a self-saturating, single-phase,

a full-wave, magnetic amplifier. Of the two stages
of magnetic amplification, the first stage is the
mot* important, since it determines, what hap-
pens to the system voltage during normal oper-
ating conditions. The second stage is used only
for power amplification, whereas the first stage
not only amplifies but also receives all of the
converging system signals which cause the volt-
age regulator to maintain a constant generator
output voltage. The most common failure in the
first stage is probably in one of the rectifiers.
Complete failure of rectication can cause the
regulator output to go .to zero. If one saturating
rectifier fails, the regulator will indicate instabil-
ity. Other failures, such ai ,.. an open winding 'or
norted turns, are very unlikely.
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Figure 62. Typical generator control panel.

20-29. The second-stage magnetic amplifier is

a three-phase, self-saturating, full-wave type.
This is the power stage, and it is controlled by

the first stage in such a manner that the power
supplied to the generator exciter is regulated to
maintain rated system voltage.

20-30. The commutating rettifier consists of a
half-wave, 60-volt cell connected across ,the out-
put of the second-stage magnetic amplifier in
parallel with the shunt field of the exciter. This
rectifier, connected across the inductive load, im-

proves the response time of the regulator. When
this rectifier is open, the system voltage will col-
lapse, since there would then be a dead short
across the shunt field.

----..
Paragraph 20-31 deleted.

Ilimm...I

20-32 Generator Control Panel. The typical
control panel selected for this discussion contains
the necessary relays and sensing units to perform
such functions as generator field flashing, genera=

tor exciter control, anticycling, and overvoltage
protection. Ove rexci tati on and und ere xci t ati on
protection, underspeed protection, exciter protec-
tion, and fault protection.

20-33. A typical generator control panel is

shown in figure 62. We shall discuss each of the
components in the control panel ind see exactly
how and when each unit operates. Later in this
volume you will see how the generator control
panel in an operating system functions in con-
junction with the other units of a generator sys-
tem.

20-34. Generator control relay. The genera-
. tor control relay (see fig. 62) is used to open or

close the exciter field of the generator. It is an
electrically operated, mechanically latched relay.

a
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The "close" coil of the GCR is connected to the
"close" side of the generator switch (not shown).
When the generator switch is moved to the
CLOSE position, the "close" coil is energized,
pulling the contacts into the closed position,
where they are held in place by the mechanical
latch. At the same time, the exciter fierd of the
generator is momentarily flashed.

20-35. The trip coil of the GCR is energized
by moving the generator switch to the TRIP
position, or by the operation of certain protective
devices within the control panel. When the trip
coil is energized, it releases the mechanical latch,
and spring tension moves all the contacts into the
OPEN position.

20-36. Lockout relay. The lockout relay (see
fig. 62) is used to prevent generator cycling dur-
ing a fault condition. The lockout relay, coil is
connected across the trip coil of the GCR so that
both coils are energiied simultaneously. There-
fore, any control actionmanual or automatic
that trips the generator out through the OCR will
cause the lockout rela.y.to energize. When ener-
gized, the loCkout rein interrupts the field flash-
ing circuit and opens the circuit to the "close"
coil of the GCR. Since the "close" circuit is
complete through the deenergized contacts of the
lockout, you can see that if the generator switch
is moved to the CLOSE position while the lock-
out relay is. energized, the only lesult will be to
keep the lockout relay energizecras long as the
trip fault exists.

20-37. Underipeed relay. The underspeed
relay (fig. 62) is provided to disconnect the gen-
erator from the aircraft distribution system in
case the drive goes into an' underspeed 'condition.
The ground for the underspeed relay is com-
pleted when the underspeed pressure switch on
the generator drive closes.
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20-38. Differential fault relays. The differen-
tial fault relays (fig. 62) provide fault protection
for the generato'r and the generator feeder wires.
A fault within a generator or in any of the gen-
erator feeder wires will restilt in a greater current
flowing in the neutral lead of the faulted phase
than flows to the power distribution system
through' the feeder wires. The sensing of this
differential fault is done through ring-type cur-
rent transformers for each phase, ope on the
generator neutral lead and one on each of the
feeders supplying power to the power distribution
system. The neutral and distribution feeder
transformers for each phase are connected in
parallel across the differential fault relay coils in
the generator control panel. During normal op-
eration, the current through the neutral and dis-
tribution feeivill be the same; the voltages
induced in the wO current transformers of each
phase will be eq4 and,opposite, and no current
will flow in the rel coil.'When a fault occurs,
the voltages induced iiN,he twO-transformers dif-
fer by the amount of fault rrent which produces
current flow in the relay coil. A fault causing a
30-ampere differential current will instantly close
the differential fault relay contact't.(Nrips.nut. the
GCR of the faulted generator. This effealTeelY..,z
removes 'the generator from the system.

20-39. A balanced three-phase fault on the
interconnecting feeder wires when two or more
generators are operating in parallel will produce
excessive exciter armature voltage and system
under-voltage on all the generators. Excessive
excite" voltage is sensed by the exciter voltage
relay (fig. .62) and undervoltage cs sensed by the
excitation relay.. Botb relays. energize the 'heat-
ing elements of the. thermal time-delay switches
(also shown in fig. 62). Thermal time-delay
switch Nr. 2 will close in from 2 to 4 seconds and
isolate that generatpr from pe rest of the system.
If the trouble ceittiaues, thermal time-delay
switch Nr. 1 close in from 5 to 10 seconds
and energize the trip coil of the GCR for that
generator.

20-40. Overexcitation-underexcitation protec-
tion circuit. Protection agahtt excessive reactive
current flow in the generators and reactive un-
balance in the distribution system is provided by
ihe overexcitation-underexcitation (OE-UE) cir-
Cuit. e OVEREXCITATION relay and the
U EREXCITATION relay in each generator
control relay automatically control isolating or
tripping the generators in parallel when such
malfunctions occur. The overexcitation relay
functions' to isolate the defective generator from
the remaining generators. The underexcitation
relay controls tripping the GCR through the
thermal time-delay switches. Note that both thc
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underexcitation relay and the overexcitation re-
lay are energized during normal operation and
complete their respective circuits only when de-
energized.

20-41. The wye-delta transformer 'and full-
wave rectifier shown in figure 62 are used to
.slipply operating power and the generator refer-
ence voltage to the OE-UE relays. The voltage
to the relays will be increased or decreased,
depending, on the amount and direction of the
unbalanced' reactive current of one generator rel-
ative to that of the other generators. This is
achieved by connecting a current transformer so
that its ofitput is applied to the mutual reactor,
also shown in figure 6241 The mutual reactor af-
fects one phase of the voltage being applied to
the full-wave rectifier. The current transformers
and mutual reactors of all the generators are
connected into a loop circuit known as the OE-
UE loop.

20-42. The OE-UE loop functions only when
the generators are paralleled together. As long
as the reactive !bad is equally divided, the volt-
ages in the OE-UE loop are balanced, and the
overexcitation relay will function only if an
voltage condition occurs. 02.esexei ion, which

sauses- reactittahaiancedne to excessive reac-
tive current in that generator, will produce a
current flow in the mutual reactors. The direc-
tion of flow in the OE-UE loop through the
mutual reactors produces a' voltage that boosts
the voltage sensed from the overexcitecrgenera-
tor. Consequently, the overexcited generator will
be switched into isolated operation by the over-
excitation relay.

20-43. Underexcitation, which causes reverse
reactive current flow in a. generator will produce
mutual reactor current that opposes the voltage
sensed from the underexcited generator, so that
the underexcitation relay drops out. The under-

,excitation relay controls the thermal time-delay
switches. Thermal time-delay switch Nr. 2 places
the generator in isolated. operation in 2 to 4
seconds, while thermal time-delay switch Nr. 1

will trip the GCR in 5 to 10 seconds.
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21. AC Generator System Operation
and Troubleshooting

21-1. In this section we will discuss operation,
poWer distribution, external power systems, and
troubleshooting of an ac .generator system: Our
detailed discussion of the many ac generator sys-
tem components will now be put to work. Fold-
out 2 is a complete ac generator system and is
use for our discussion of system operation and
trou leshooting.

21 21 Keep in mind that you must be able to
under tand complete gcnerator systcm 'operation.
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Figure 63. Multi-engine control panel.

Why? It's your job to maintain and troubleshoot
ac generator control systems. We will start our
discussion with normal system operation.

21-3. AC Generator System Operation. The
generator system we are going to discuss has
three 40 kva generators. The generator provides

a three-phase, 145/200-volt, ac output at an es-
sentially constant frequency of 400 Hz.

21-4. Description. A frequency andload con-
troller unit for each constant speed drive accom-
plishes frequency control ,and real load division
for parallel operation of the generators. The fre-

quency and load controller responds to frequency
deviation from 400.Hz or real load unbalance
between paralleled generators and controls the

speed governor setting of the generator drive.
'The electrical control of the speed governor is

accomplished through a control motor on the
drive. Generator voltage control and reactive
load division are accomplished by a static type
(magnetic amplifier) voltage regulator unit for
each generator. The ac generators provide their
own dc power' for field excitation through a self
contained dc generator exciter. The voltage reg-
ulators control the field current of the exciters

to vary the generator field strength and subse-
quently maintain the generator voltage output at
.200 volts line to line. Several current transform-
ers are contained in a transformer assembly and
connected to sense generator line current. These
transformers provide load sensing, both real and
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reactive, for the power meter and load equaliz-
ing controls and provide for voltage regulator
power boost.

21-5. The control switches, selectors and indi-
cators for the main ac power supply system are
grouped on the electrical control panel (fig. 63),
which is a section of the overhead panel. The
generator control switches control closing the
generator fields and associated circuits to return
a tripped generator to service, and provide tfie
manual control to trip a generator off. The gen-
erator breaker and bus tie breaker switches are
the manual controls for opening and closing their
respective power breakers. The generator break-
ei's connect the generators to the load buses. The
bus tie breakers connect the load buses tothe
synchronizing bus tie. Indicator lights adjacent
to the generator control and breaker switches
show the control condition for each generator
system. The generator failure lights indicate
when a generator is tripped off; which might be
done manually, or automatically through' a pro-
tective control. The breaker CIRCUIT OPEN
indicator lights are on when their respective
breakers are open. The voltmeter and frequency
meter are connected to show the voltage and fre-
quency of the source selected by the paralleling
selector. The paralleling selector also con-
nects the synchronizing lights and automatic par-
alleling control unit into the circuit of the genera-
tor selected for paralleling. The power meters,

3 4 6
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one for each generator, provide the indication of
real load (kilowatts) or reactive load (kilovolt-
amperes-reactive) on each generator. Real or
reactive load indication is selected by turning the
power meter selector to the KWS or KVARS
position. The three frequency and kws division
controls immediately below the power meters are
used for real load division control with the, gen-
erators paralleled and as a frequency control to
synchronize the generators for paralleling.

21-6. The majority of the control relays and
automatic protective controls for each generator
system are contained in the generator control
panel. In each generator control panel are the
necessary relays and sensing units to provide the
necessary contriiriunctions of the system. The
control panels also contain-a_transformer-rectifier
unit and voltage indicating relay-:-....The T-R unit
normally supplies the 28-volt dc poweiaranel
functions while the generator is operating. Po
is also supplied to the panel from the airplane
switched dc bus. The voltage indicating relay
energizes only when there is three-phase power
to the panel to prevent residual voltage from an
unexcited generator from holding in control re-
lays. .

21-7. Operation. (See foldout 2.) The gen-
erator control relay must be closed to establish
the exciter field circuit and the generator breaker
control circuit before a generatc can develop its
required output voltage and connected to its
load bus. The generator control switch on the
electrical control panel controls closing the gen-
erator control relay. With power on the airplane
(battery bus energized) and the engine fire
switch to normal, operating the generator switch
momentarily to the CLOSE position will cause
the generator control relay to mechanically latch
closed. Closing the switch will also transfer power
to the exciter field through the flashing resistor.
With the generator control relay closed, the relay
contacts complete the exciter field circuit, con-
nect control power to the generator breaker
switch if the drive is up to speed, turn off the
generator failure light and arm the relay trip coil
circuit. The field flashing resistor circuit is
opened by the voltage indicator relay as soon as
generator output powers the control panel. With
the generator control circuit established by clos-
ing the odntrol relay, the voltage and frequency
of the generator can be 'read on the meters by
placing the paralleling selector to the correct gen-
erator position. However, the generator is not
supplying its load bus until the generator breaker
is closed.

21-8. The generator breaker-. switch on the
e;ectricaI control panel'is the manual control for
closing and tripping (opening) the generator

3
breaker. During normal system operation, the
generators will be paralleled by closing the gen-
erator breakers; the bus tie breakers normally
are left closed, and are opened only for isolated
generatoroperation or for manual control of par-
alleling. With power on the synchronizing bus
tie, the generator breakers can only be closed
through operation of the automatic paralleling
unit.

21-9. The control transfer between manual
and auto parallel control of the generator breaker
is accomplished by the auto parallel control relay
which is energized by ac power from the bus tie.
With the paralleling selector set to the cor-
rect generator position, operating the generator
breaker switch to the CLOSE position will con-
nect the generator output to the auto parallel
unit. This permits frequency comparison with
the generator already on the synchronizing bus,
so that the auto parallel unit can switch power to

e the generator breaker when the frequencies
matc ciely enough ill both phase and rate. If
there is no-- eneator on the synchronizing bus
at the time the ge nczaor breaker switch is op-
erated to CLOSE, the -s-vdtch directly controls
closing, the generator breake ovided the ex-
ternal power breaker is open. A cbt&ct of each
generator breaker switch is connected auto-
matically trip open the external power bre"akst:
when the switch is operated to the CLOSE
tion.

21-10. During manual paralleling of the gen-
erators, the bus tie breakers are opened and gen:
erator, breakers are closed to allow the generators
to supPly individual generator buses until paral-
leled. The generator to be paralleled must match
synchronizing bus voltage and frequency within
5 volts and 2 Hz before the bus tie breaker is
closed. Rotating the paralleling.selector switch
to the applicable position will provide voltmeter
and frequency meter readings for the incoming
generator and cause the synchronizing lights to
operate. The lights will light up and darken as
many times per second as there are cycles per
secorkd difference in frequency between synchro-
nizing bus and generator bus power. The bus tie
breaker switch is positioned to CLOSED at the
particular instant when the voltage is within limits
and the synchronizing lights go out. During man-
ual paralleling of the generators, the BUS TIE
BREAKER switch must, OA be placed in the
CLOSE position unless the following conditions
exist: the paralleling selector switch is positioned
to the incoming generator and the synchronizing
lights are out.

21-11. Failure to observe these precautions
.may result in damage to the generator drive due
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to loads imposed by opposing voltages. If fre-
quency adjustment is necessary before the gen-
'erator can be paralleled, you may use the fre-
quency and kw division controls on the electrical
control panel to make the necessary adjustments.

21-12. Normal operating procedures at engine
shutdown will cause the generator breaker to
automatically disconnect the load buses from the
generator. An underspeed switch on the genera-
tor drive is set to close and cause the generator
breaker to trip open before the generator fre-
quency is less than 350 Hz. The underspeed
switch controls energizing the underspeed relay
in the generator control panel. (See foldout 2.)
When underspeed occurs, the underspeed switch
closes to energize the relay which switches power
to trip open the generator breaker and remove
power from the breaker control switch.

21-13. The bus tie breakers and generator
control relays will normally remain closed when
the system is shut down. Therefore, the next
time the engines are started and run, the genera-
tor breakers are all that require closing to supply
ac power to the load 6uses and to parallel the
generators. The underspeed switch also functions
to prevent the generator from being closed before
the generator drive speed is adequate to drive the
generator at synchronous speed. The underspeed
switch should operate to drop out the underspeed
relay, on increasing drive speed, before the fre-
quency exceeds 370 Hz.

21-14. Generator control anticycling is pro-
vided through the lockout relay in the generator
control panel (foldout 2). The lockout relay coil
is connected across the trip coil of the generator
control relay so that both coils are energized at
the same time. Therefore, any control action,
manual or automatic, that trips out the generator
through the control relay will cause the lockout
relay to pull in and hold open the control relay
close coil circuit as well as the field flashing cir-
cuit. If the generator control switch is being held
to ihe CLOSE position when the trip signal oc-
curs, the lockout relay will be held in by power
through the control switch, preventing reclosing
of the generator control relay until the control
switch is returned to off.

21-15. Distribution. An aircraft distribution
system is made up of many wires and power
boxes throughout the aircraft. It provides a

, means of distributing the generator output to all
the various loads in the aircraft. The switches
and meters used to control and monitor the gen-
erator and distribution system are shown in fig-
ure k3.

2171 Thsa. \portion of the system between the
output tqiin1 of the generator and the main
bus is gen lly ieferred to as the generator bus,

.When the generator breaker is closed, it connects
^ the output of the generator to the main bus. The

main bus is the portion of the distribution system
to Which the loads are connected. Feeder wires
from the main busses go out to various load boxes
located throughout the aircraft. The central tie
bus is the interconnecting wire between the vari-
ous main busses, and no loads are connected to
this bus. When external' power is connected to
the aircraft, it powers the central tie bus. Thus,
it is necessary to close all the bus tie breakers
and connect the- main bus to the central tie bus.
All the loads in the aircraft may be powered
from the central tie bus. During parallel genera-
tor operation, all the bus tie breakers and all the
generator breakers are closed, and the total elec-
tric load on the distribution system is shared by
the generators.

21-17. External Power System. The primary
purpose of any external power system is to allow
grcund maintenance personnel to perform opera-
tional checks on the electrical and electronic
equipment when the aircraft generators are not
powering the aircraft busses. The external power
system also provides a means of connecting a
load bank to the main ac power system. The
purpose of connecting a load bank is to allow
electrical mainterece personnel to perform an
operational check ofthe main power system. The
multiengine external power system shown in fig-
ure 64 is typical for many aircraft.'

21-18. One thing you must keep in mind (and
this applies to most external power systems) is
that at no time should the aircraft generators and
the external power unit generator be paralleled.
Due to this restriction, the control system may
seem to be very elaborate.

21-19. Description. The external power con-
trol system consists of the following components.
main external power receptacle, phase sequence
relay, power control relay, circuit breaker relay,
lockout relay, and the power disarm relay, as
shown in fig. 64. The position indicator, EXT
POWER switch, and the BUS TIE ISOLATE
switch are always located on the ac control panel
in the cockpit arca.

21-20. The main external power receptacle
provides a means of connecting external three-
phase ac power to the aircraft power system. The
receptacle is also used to conned a load bank to
the central tie bus. Three pins, A, B, and C,
connect the ac power to the aircraft system. Pin
E provides the dc control power required for
closing the external power control relay. Pin F is
used for load bank operation only and provides a
ground for the external power disarm relay.

21-21. The phase sequence relay is used to
prevent external ac power from being connected
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to the aircraft bus when the phase sequence is
incorrect (other than A-B-C or 1-2-3). This re-
lay will be energized if the phase sequence is

correct.
21-22. The external power control relay is

powered by 28 volts dc from the external power
cart through pin E and the phase sequence relay.

21-23. The external power circuit ,breaker re-
lay is a latch-type relay of the same type used
for the generator breaker and bus tie breakers.
This circuit breaker is used to connect and dis-
connect external power to the central bus. The
external power breaker uses three sets of its five
auxiliary contacts; one is used to control the
"close" and "trip" coil circuit to ground, a second
set is used to control the external power interlock
relay to prevent a generator breaker from being
closed before external power is tripped, and a
third set is used to control the main external
power circuit breaker relay position indicator.

21-24. The main external power lockout relay
is energized any time a central tie bus fault
occurs. The relay is powered from the aircraft
dc power system. The lockout relay contacts con-
trol the external power breaker "close" and

- "trip" coil circuits.
21-25. The only purpose of the disarm relay

is to provide a means of connecting an external
load bank to the central tie bus when the aircraft
generators are operating. Under normal condi-
tions, we don't want the external power breaker
to close when the aircraft generators are on the
bus, but in this case, we do. Pin F of the extetnal
power receptacle provides a ground return for
the col) of the disarm relay when the load bank
is connected to the receptacle.

21-26. A typical circuit breaker relay position
indicator has white bars running vertically and
horizontally. The word "OFF' is also printed on
the indicator. When the bar is lined up with the
reference on the ac control panel, the circuit
breaker is closed; and when the bar is at a right
angle to the reference line, the breaker is open.
When the word "OFF' is showing, the indicator
is not powered.

21-27. Operation. When external power is

connected to the external power receptacle, there
are 1 18/205 volts ac applied to the phase se-
quence relay. If the phase sequence is correct
(A-B-C), contacts between Al and A2 will
close (see fig. 64). With the phase sequence re-
lay closed, 28 volts de from pin E will be applied
through contacts Al and A2 to the external
power control relay, closing i4When the main
external power switch is turne?to ON, 28 volts
dc from the external power control circuit breaket
is applied to the "close': coil of the external'
power breaker, the main external power switch,
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through the auxiliary contacts of the four genera-
tor breakers, a set of contacts of the external
power control relay, through the contacts of the
&energized external power lockout relay, and to
the "close" coil of the external power breaker,
closing it. When the external power .breaker
closes, a set of its contacts will energize the ex-
ternal power interlock relay. The interlock relay
prevents closing a generator breaker when ex-
ternal power is connected to the central bus.
The interlock relay contacts are in series with the
generator breaker "close" coil. Should a genera-
tor be operated and the generator switch turned
to ON, the G relay in the generator control panel
will be energized and will close the Contacts be-
tween terminals 23 and 33. This will cause a 28-
volt dc signal to be impressed at terminal 33
through the external power disarm relay, to the
external power breaker trip coil, disconnecting
the external power from the central tie bus.

21-28. When the main EXT POWER switch
is turned to OFF, 28 volts dc is applied directly
to the trip coil of the external power breaker, dis-
comiecting external power from the central bus.
External power is protected by a differential
protection system. This system protects the three-
phase ac power system from line-to-ground, line-
to-line, and three-phase faults.

21-29. A typical ac power distribution system
is so designed that it is possible to operate any
load from external power, from the engine gen-
erators, or from all of the generators paralleled
together. The following are possible conditions:

a. External power to the complete aircraft.
This is achieved by 'dosing the external power
circuit breaker and the bus tie circuit breaker.

b. External power to any load. To do this,
close the external power circuit breaker and the
bus tie circuit breaker to the load bus on which

you desire power.
c. Each generator supplying its respective

load. Close the generator circuit breakers, and
leave the bus tie circuit open.

d. One generator supplying power for the en-
tire aircraft. Close the generator circuit breaker
for the operating engine, and close all of the bus
tie circuit breakers.

kAll generators ,operating in parallel. Close
all o the bus tie circuit breakers. Then, move
the paralleling selector switch to the generator,
that you desire on the synchronizing bus. This
closes the respective generator circuit breaker.
Follow this procedure through the three genera-
tors. Then, all generators are Raralleled auto-
matically through the paralleling unit.

f. Various combinations of two generators
paralleled and one running in isolation.

33X

6



21-30. Load bank operation. Provisions have
been made in this external power system to
utilize the main external power receptacle for
connecting a load bank to the aircraft bus.

21-31. When type Al load bank is connected
to the external power receptacle, the external
power disarm relay circuit is energized by 28
volts dc from the external power control circuit
breaker. This connection is made through the
relay coil (disarM relay) to pin F of the ex-
ternal power receptacle, which is grounded at the
load bank. This provides a circuit from the main
EXT POWER switch on the ac control panel,
through a set of contacts oa the now energized
external power disarm relay, and on through the
external power lockout relay to the "close" coil of
the external power breaker. When the external
power disarm relay is energized, the power circuit
to the interlock relay opens. With the interlock
relay deenergized, its contacts, in series with the
generator breaker, close and allow the generator
breaker to close and connect the load bank to
any one or all of the generators through these
generator breakers. External power can be iso-
lated to the central tie bus by pushing the BUS
TIE ISOLATE switch. Pushing the BUS TIE
ISOLATE switch trips all bus tie breakers.

21-32. Generator System Troubleshooting.
Troublahoothig is a test of ingenuity as well as of
knowledge. For this reason troubleshooting pro-
cedures cannot be considered as an ironclad
ruler, although they are written as such. Experi-
ence will increase your knowledge of various
electrical systems and reveal new checks and
more efficient methods of troubleshooting. As
you gain experience, you will be able to devise
new methods as well as short cuts to eliminate
lengthy checks for similar trouble.

21-33. Although you have a firm background
in electrical fundamentals, this is still not enough
to enable you to do your job with ease. In addi-
tion to the fundamental information you possess,
you must have a thorough understanding of
troubleshooting procedures. Itealistic /rouble-
shooting is not a "hit-or-miss," "rernEve-and-
replace," "trial-and-error" process; it is an
orderly sequence of mental and physical ac-
tionsending with the identification and elimina-
tion of a system malfunction. A combination of
maintenance skills, intimate knowledge of the op-
eration of the system, and the use of logical
steps in the problem-solving process are essential
to systematic troubleshooting.

21-34. Steps in Becoming a Master Electrician.
One outstanding difference between being just a
good worker and being a master repairman is the
ability to troubleshoot. When everything is
functioning normally, the good worker can per-

form the routine day-to-day maintenance, servic-
ing, inspecting, and operational checks. The good
worker can also make routine adjustments and
replacement of units, since they follow the well-
beaten path laid down by technical procedures.
The "master" repairman or electrician, however,
is the man who is really in demand, because he
is the one who can find the causes of troubles
that have baffled other workers.

21-35. Since you, no doubt, would like to be-
come a master electrician or technician, here's a
tip that may be helpful: adopt some good
method of troubleshooting now, and use it con-
stantly until it becomes automatic. The more
automatic the method becomes, the more effec-
tive your use of it will be.

21-36. Although there are numerous trouble-
shooting procedures that you might adopt, let
us consider a procedure that experienced trouble-
shooters have found very successful. We said
earlier that you must use logical steps to identify
and remedy system malfunctions. Let's list these
steps, then discuss each of them in detail.

Define the problem.
Investigate the problem.
Evaluate the findings.
Determine the exact cause.
Repair or remedy.

21-37. Define the problem. Your careful in-
spections and operational checks are the key to
your becoming aware of the trouble. Perform
an operational check that is as complete as is

practical under the circumstances. Of course, if
your operational check is causing obvious dam-
age, it has gone beyond the point of being prac-
tical. While the operational check is in progress,
notice all indications given by the operated unit
or system, and by related warning lights and
meters. Place the control switch in all operating
positions, if practical, and set clearly in mind
the symptoms in each position. If you have done
all this, you are ready for step twoinvestigating
the problem.

21-38. Investigate the problem. Of course,
you have a gOod idea of the system operation,
but in, step two of the troubleshooting method
you refresh and supplement this knowledge. Con-
sult the technical manuals. Read about the af-
fected system in the applicable publication for the
aircraft and study the circuit wiring diagram.
The time that you require for this study is small
pompared with that required for hit-and-miss re-
placement of units. After you have refreshed
your knowledge of the affected system, you are
ready for step three of the troubleshooting
methodevaluating the findings.
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21-39. Evaluate the findings. In the third step
of troubleshootin, you should list the possible,
troubles. By writing them down, you are less
likely to forget one 'or more., of them during
later steps of troubleshooting. Then, too, listing
the troubles relieves you of the necessity of re-
membering each of them. Since your mind is
less cluttered by details, you can think more
clearly. In addition, there is another advantage:
making such a list is an eye-opening device. Many
times a possibility will seem logical to you, but
as you write it downthe balloon of logic that
apparently supported it ma3, suddenly burst, and
'you can scratch it off your list. So by all means,
make a 'written list of the possible troubles.

21-40. While making this list, use a wiring
diagram, trace the circuit through, and ask your-
self, "What defect of this wire or unit could give
any one of the symptoms I have observed?: If
you get an answer other than NONE, write it
down. Make a similar list for each symptom
you find. Don't list double troubles which hap-
pen only rarely, but make certain that your list
contains all possible single troubles. Compare
the causes you have listed to determine which
are the most probable, then list them in that
order. When your list is completed, you are ready
for step four of the troubleshooting method
selecting the exact cause from the list you have
made.

21-41. Determine the exact cause. In the fourth
step of troubleshooting, you should check possi-
bilities and eliminate those not actually responsi-
ble for the trouble. To check some possibilities,
you may be required to remove inspection panels
or other aircraft components. To check others,
you may need to remove a junction box cover.
Still other possibilities may be eliminated by a
visual check, such as looking at a circuit breaker
to see whether it is closed. Which should you
check first? The answer is obvious. Check the
easiest things first. In other words, check the cir-
cuit breaker first. That's a good check to make
at the beginning of any troubleshooting situation.
By checking the ,easiest things first, you may
find the cause of the trouble before you perform
other time-consuming checks. If so. you have
saved time. work:` and a great deal of wear and
tear on the aircraft.

21-42. Applying the same line of reasoning to
each possible trouble, you come up with another
useful principle. Use the easiest method that is
both safe and effective while you ire checking
any possibility. Ne'ver disassemble a unit or dis-
connect a lead unless absolutely necessary. If
there is an easier way to check a possible prob-
lem, use it. Your imagination and knowledge of
the system can pay big dividends. However,

don't allow your imagination to run wild. Before
you attempt the easiest way, make certain that
it is safe and that It will actually check the
possibility. These two principles are contained
in a simple general rule: "Cheek the easiest thing
first by using the easiest method that is both
safe and effective."

21-43. If you apply this rule, you can quickly
and easily eliminate possibilities until you dis-
cover the cause of the trouble. But even then,
do you know that you are right? Not neces-
sarily! You probably are, but you should prove
your conclusion.

21-44. Repair or remedy. Before you make
a costly replacement, prove that your conclusion
is right. For example, let's say that you have
eliminated every possible cause of trouble from
your list except "shorted-out field windings of
such-and-such a motor." In this event, you prob-
ably have decided that shorted-out field windings
are the actual cause of the trouble. But you
could have left some poSsible causes of trouble
off your list. So, before you remove the motor
for a bench check, disconnect the connector plug
and use in appropriate meter to test for such a
short. If you prove yourself wrong, you haven't
wasted itime, work, or money on a needless re-
placement. If you prove your conclusion to be
right, you need to replace the shorted-out motor.

21-45. Without troubles, there would be prac-
tically nothing for you to do as an electrician
except to perform routine inspections and similar
work. Identifying and locating troubles is the
exciting and thought-provoking part of your
work. In certain circuits a trouble often repeats
itself in the same precise location or in the same
piece of equipment. You ordinarily become so
familiar with -this type of trouble that you can
easily identify and locate it every time it happens.
On the other hand, some equiment fre uently

time.
in such
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remains trouble-free over a period o
Nevertheless, when troubles do develo
equipment, you must be able to find them. Typi-
cal of many aircraft circuits' are those that have
circuits acting independently within themselves.
All of these individual circuits must operate prop-
erly or the parent circuit will malfunction in one
way or another. For example, a parent circuit
might control a sequence of operations performed
by a mechanism, and if one of the independent
circuits should malfunction. a corresponding op-
eration in the sequence would be affected.

21-46. 'We have now covered the steps which
should be followed in determining system mal-
functions. Next, by discussing how you can ap-
ply these steps to gime specific problem, we
will show you how they can help you.
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21-47. Typical)Problem. For this problem, as-
sume that you are' told that the generator breaker
for this system fails to open aut atically when
the generator is shut do en you operate
the generator to perform the operational check,
you discover that the generator breaker can be
tripped manually by means of the --GENERA-
TOR BREAKER switch, but that the generator
breaker does not trip automatically when the
generator is shut down. The trouble may now be
defined as follows: "The generator breaker may
be tripped manually but not automatically." This
definition also helps you to list the possible causes
of troubles. Since the breaker may be tripped
manually, you know that most of the circuit to
the trip coil of the generator breaker must be
intact: Here, then, is a list of all the remaining
possibilities :

No power to the control panel.
No power output from the control panel.
Defective control panel.
Defective. underspeed switch:

21-48. By examining foldout 2, you note that
dc power is applied to the control panel through
pins 20 and 22. Checking for dc at these points,
you find that it is available. The next check is

to find out whether or not power is available at
pin 19 of the control panel, which is the output
circuit to the trip coil of the gen ator breaker.
Let's assume that you checked a this point and
found zero volts. This tells you hat you have a
defective generator control panel. You could
check -to verify that the circuit breaker, shown in-

- side the control panel, was set, since the dc power
supply to the control panel flows through this cir-
cuit breaker. Another--anick check you might
make is to replace the suspected control panel
with one that is known to be good, then perform
another operational check. If the trouble no
longer exists, you would know that the control
panel is defective. Of course, you have no way
of knowing exactly what is wrong with the defec-
tive control panel until you test it with the appro-
priate test equipment. '

21-49, This concludes the discussion of the
step-by-step procedures you would normally
make when troubleshooting specific problems.
Now we will turn our attention to analyzing some
of the more common troubles you will encounter
in ae systems.

21-50. Trouble Analysis. As you gain experi-
ence, you will find that in most cases certain
troubles are caused only by certain components
in the electrical system and that you will be
wasting your time if you check items that have

, nothing to do with the trouble.

21-51. Frequency problems. In almost all
cases, frequency problems consist of either con-
stant frequencies which are higher or lower than
normal system frequency. Since only certain
units are used to control the generator frequency,
troubles of this nature usually present no great
difficulty.!For example, one of the most common
causes of troubles are higher: or lower than nor-
mal frequency which may be caused by a defec-
tive Irequency-and-load control unit or by the
drive governor system. To determine which unit
is malfunctioning, diiconnect the circuit from the
frequency-and-load control ,unit and operate the
engine at idle rpm. If the generator frequency is
the same as that established by the drive pv-
ernox (up to 50 percent load), the governor is
functioning normally, and the frequency-and-
load control unit is defective. An open circuit in
the magnetically trimmed governor circuit will
also cause the generator frequency to drop to
basic speed. You can also. &leek a drive governor
system by rotating the "frequency and kws divi-
sion" cqptrol on the control unit. If the frequency
cannot be varied and the circuitry to the governor
is correct, the govepor is defective. Before you
replw a drive unit, however, it is best to test
the frequency-and-load control unit on the T-35
A.2.T-170 tester.

21-52. You may also encounter a frequency
problem in which the frequency of an isolated
generator decreases "%Own a load is added. As
you have learned, the load-sensing circuits are
shorted out by the bus tie breakers and generator
breakers when they are in- the OPEN position.
Thlly prevents an inoperative or isolated generator
from affecting the remaining system. If you en-
counter this type of problem, then, you cap
suspect that a trouble exists somewhere in the
circuits that shorts out the load-sensing network.

21-53. A generator frequency that is either
high or low, and is uncontrollable, is the result
of a malfunction in the frequency discriminator
circuit in the frequency-and-load control unit.
What about the frequency problems in pneu-
matic-drive generator systems? In addition to the
troubles in the frequency-and-load circuits, simi-
lar to those we have just discussed, there are
several troubles that art,Deculiar only to these
drives. Since the pneumatic drives operate on air
pressure, low frequency output may be caused by
insufficient air pressure. Another cause of abnor-
mal frequency output may be the improper ad-
justment of the valve linkage. You may find
it necessary to ask for assistance from other work
centers to check for the cause of this particular
problem.

21-54. V oltage problems. Another common
trouble you will no doubt encounter is one in
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which the generator or bus voltage is higher or
lower than normal. Voltage troubles are usually
caused by the voltage regulator, the generator,
orin some casesthe generator cite. Low
Output from tfie generator may be cred by a
generator driA that remains in the'sunderdrive
condition or by excessively worn brushes. Some
of the other possible causes of low output voltage
are high resistance in either the exciter input or
output circuit to the generator. An open in the
exciter output circuit of a brushless generator
can cause low generator output voltage. A defec-
ive voltage adjusting potentiometer can also,
ause low voltage output. You may detect this

y rotating ;he potentiometer while observing the
exciter voltage. If there is no variation, the volt-
age regulator should be replaced.

21-55. If the bus voltage is low when two or
more generators are operating in parallel, it is

an indication of an open reactive load equalizing
bop circuit. When this condition exists, all of'
the bus tie breakers in the system will trip open
when a medium or heavy load is applied to the

. bus. The loss of the first-stage amplifier in a
mag-amp voltage regulator causes low output
voltage from the generator. If the reference cir-
cuit of a mag-amp voltage regulator is lost, the
output voltage of the generator will not only 'be
below normal but will cycle between 100 and
200 volts.

21-56. High voltage output is most generally
caused by a defective or maladjusted voltage..
regulator. for example, loss of either the sensing
or bias circuit of a mag-amp voltage regulator
will cause the generator output voltage to become
excessive. Another cause for excessive genera-1,tor output is higher-than-normal ut from the
exciter-generator. You can usual! detect this by
measuring- the exciter output while rotating the
voltage adjusting potentiometer on the voltage
regulator.
- 21-57. The loss of one phase of the input to a
carbon-pile voltage regulator will cause an ex-
cessively high generator output. In some cases,
you may find that the generator itself is the

cause of voltage problems. If there is no voltage
output from the generator, you may find oil,

dirt, or grease on the commutator on the exciter
generator. This causes a high resistance on the
commutator, and the generator output will be
zero, or residual. Remember, there should be a
dull copper-colored film on the commutator. If
the film is removed, the brushes will wear down
very rapidly and cause low outp14 voltage. This
is an impQrtant point for_you to remember when-

-
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it is necessary to operate a generator on a test
stand for long periods of time. You must keep
the generator excited, and under load to pre-
vent destroying the film. .

21-58. Load-division problems. Load-division
problems are probably the most difficult and
thought-provoking problems that you will en-

counter. These are the types of problems that
really test your knowledge of electrical systems
and your ingenuity in troubleshooting.

'21-59. You can discover load-division prob-
lems in many ways. A generator in parallel op-
eration may not carry its share of the kw or kvar
load, or it may try .to "hog" the load and car
more than its share. In some cases, you m
notice a marked tendency for generators operat-
ing in parallel to swap the load back and forth
between them. In cases of extreme load under-
balance, one or more bus tie breakers may trip

open. For example, an overexcited generator
in parallel will tend to carry more than its share
of the reactive load, and the overexcitation pro-
tective device will automatically open the bus tie
breaker for that generator.

21-60. Suppose you have discoveied a bad-,
division problem. After testing the frequency-
and-load control units or the voltage regulators,
yoh find that they are functioning normally. Ob-
viously, the trouble must be somewhere in the
sensing circuits for these components. You recall
from previous discussions that the load-division
circuits receive their input signals from current
transformers. The current transformers are the
source of many malfunctions in the load-division
circuits. Their characteristics are very easily
changed. This is caused either by installing them
incorrectly, or by failing to short them out when
they are being operated. If maintenance has re-
cently been performed on the affected system,
it is worthwhile to check the current transformers
of the system for proper connection. Another
check you shoulti make is to find out whether
the transformer has been left disconnected when

the system was operated. If a current trans-
former is not, shorted out when it is disconnected
from an operating system, extremely4high current
will flow through the transformer and change its

characteristics.
21-61. To determine whether a particular cur-

rent transformer is causing a load-division prob-
lem, it may be necessary to isolate the suspected
generator from the ,system. If the remaining gen-
erators operate normally, this indicates that the
isolated system was causing the problem.
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CH APTIR 6

Motors and Inverters

UP TO THIS point we have discussed means
of generating electrical energy. Now it is

time to use this energy. Electrical energy can
'be transformed into mechanical energy. We are
able to raise and loWer the landing gear, flaps,
and even the pilot's seat with mechanical energy.

2. A motor, either ac or dc, is' a rotating
machine which transforms electrical energy into
mechanical energy. A motor, like a geneator,
consists of two principal partsa field assembly
and an armature assembly. The *armature -is. the
rotating part in which current-carrying conductors
are embedded. These conductors are acted upon
by magnetic fields, which cause them to move
and make 'the armature rotate. The magnetic
fields are the fields surrounding either permanent
magnets or electromagnets; however, electromag-
nets are used almost exclusively.

3. Sometime the electrical energy may hot be
tn the form needed for a-particular use. That
the current may be dc when ac is needed. You
know that most aircraft have ac generators in-
stalled 'today, but you have not seen the last of
dc powered aircraft: The method of changing dc
to ac is to invert the dc; therefore the unit is
called an inverter. Inverters come in two forms
rowy or staticboth forms will be cbvered in the
text. An inverter is two items in one.,,, A dc
motor drives an ac genirator. Voltage and fre-
quency controls are .through, many methods of
which the most common will be discussed. We
will start our discUssion with dc motors. -

22. DC Motors
22-1. Prior to our discussion of dc motors we

should have a brief review of the laws of mag-
neti , which were covered in Volume 1 Chapter
5. A that time we learned that lines of force,
tnever cross eaCh other but exist in. complete, un-
broken paths. *Also, there is a magnetic field

-surrounding any current-carrying conductor.
Whtn%this cotductor is wound in the form of
a coil a north and south pole can be established.
And, finally, let us again itate that like poles
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repel and unlike poles attract. With these funda-.
mentals in mind, we will begin our discussion
on motor principles.

22-2. Motor Principles. As.we said before, it
is possible to apply a voltage to the output
terminals of a generator, and the generator swill
run likc a Motor.

. 22-3. Motor action. As statea- previously a
motor operates by a forCe that is ed on a
current-carrying conductor placed artmagnetic
field. The tendency of this force to cause rota-
tion is called torque. Figure 65, part A, shows
the fdrct acting on a single-turn coil conductor
in'ht magnetic field. Current ,floveing out of the
left-hand conductor and into the right-hand con-
ductor establishes magnetic fields around the con-
ductors as-thown. This causes a distortion of the
magnetic flux. The lines of force from the pole
pieces are strengthened below the right-hand and
above the left-hand conductors. Likewise, those
above the right-hand and below the left-hand con-
ductors are' weakened. As the result of the re-
action between the magnetic fields, the right-hand
conduct& tends to move upward, while the left-
hand conductor tends to move down. This rota-
tion continues until the conSittors reach the po-
sition indicated in figure 65, part B. In this
position. the forces tend to spread the conductors
apart and there is o further torque tending to
rotate the coil.

22-4. The problem. in the single-coil dc motor
is to cause the armature to rotate past the posi-
tion where the conductors are supposed to move
parallel to the magnetic flux of ,the pole pieces
(fig. 65,B). We depend on momentum or inertia
to move the coil past this position. Then, to keep
the coil moving in the same direction, we use a
commutator which reverses the direction of elec-
tron flow each time the conductor reaches the
no-torque position. In the dc generator, the cbm-
mutator changes ac in. the conductors to dc in
the output. The process is reversed in the motor;
the dc input is changed to ac in the conductors.
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Figure 65. DC motor principles. ,

22-5: A single-coil motor, even with a com-
mutator, is impractical because of, the pulsating
torque. A large number 'of properly spaced coils
on the armature will provide a torque that is both
steady and strong, regardles of armature posi-
tion. The construction of a notor armature is
the same as that of a generator armature. Ad-
ditional pairs of poles, as in a generator, are
ago used. The rotational force (torque) that
turns the motor armature depends on two facq
torsarmature current and the strength of the-
magnetic field. Increasing either increases torque,.

22-6. Co unter-electromOiive force (cemf).
When the armature in a motor rotates in a mag-
netic field, a voltage is induced in its windings.
This voltage is calld the back- or counter-elec-
tromotive foiee. (cemf) and is opposite in direc-

,

tion to the voltage applied to the motor from the
external source. Cemf opposes the voltage that
creates the current which rotates the armature.
Figure 66 depicts the voltages 'present in an op-
erating motor. By application of the left-hand

.generator rule, you can see that the cemf opposes
,the applied voltage. Since athere must be motion
te generate a voltage ity tPe armature. winding,

.cemf is not present until the armature assembly
starts turning. The current flowing through the
armature decreases as the cemf increases. The
faster the armature rotates, the greater the temf.

22-7. For this reason, a motor will draw a
fairly high current when itarting, but as the arma-
ture speeil increases, the cemf generated increases
and the current flowing through the armature de-
creases. 'At rated speed, the cernf may be only a
few volts less,than the applied voltage. With this
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explanation, you can spe why the current draw
of a motor cannot be determined by the ohmic
resistance of the armature. You may find a 28-
volt motor with an armature resistance of 0.1 ohm
operating on 40 amperes. According to Ohm's
law, this motor should draw 280 amperes. How-
ever, with the motor in operation, there is a 24-
volt cemf developed in the armature. With 28
volts applied and a 24-volt cemf, the effective
voltage in the armature is only 4 volts. Then,
according to 017 law, the curcent flow is only
40 amperes.

22-8. As a load Is added to a motor, the
armature speed decreases. When this happens,
the cemf decreases, causing an increase in the
armature current which will increase the output.
torque.

22-9. Types of Motors. There are three basic
types of dc motorsseries motors, shunt motok
and colnpound motors. - They differ in the way
their field and anhature coils are connected.

22-10. Series mokir. In, the series motor, the
field windings, consisting of a relatively few turns
of heavy wire, are connected in series with the
armature winding, as shown in part A ci figure
67. The same current that flows through the field
winding also flows through the armature winding.
Any increase in current, therefore, strengthens*the
magnetism of the field.

22-11. Because of the 'low resistance in the
windings, the series motor is able to draw a large
current when starting. This starting current, in
passing through both Ihe field and armature wind-
ings, produces a high starting torque, which gives
the series motor its principal advantagehigh
starting torque. This makes the series motor ideal
for starter or actuator lunctions.

22-12. The speed of a series motor depends
oo the load. Any change in load is accompanied
by a substantial change in speed. A series motor
will run at high speed when .it has a light load
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Figure 66. Voltages in a motor armature.
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Figure 67. Types of dc motors.
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and at low speed with a heavy load. If the load
is removed entirely, the 'motor may operate at
such a high speed that the armature will fly
apart. For this reason, a series motor is normally
bench tested under .no-load conditions, at half
the rated voltage.

22-13. Shunt motor. *In the shunt motor, the
field winding is connected,in parallel, or in shunt,
with the armature winding, as shown in part of
figure 67. The resistance in the field winding
is high. Since the field Winding is connected
reedy across the power supply, the current
through the field is constant. The field current
does not vary with motor speed as it does in
zthe series motor, and therefore the torque of the
shunt motor will vary only with the current
thrOugh the armature. The torque developed at
starting is less than that developed by a series
motor of equal size.

22-14. The speed of the shunt motor varies
very little with changes in load. When all load
is removed, it assumes a speed slightly higher
than the loaded speed. This motor is particularly
suitable for use when constant speed is desred
and when high starting torque is not needed.
This motor may be damaged if the rpm operating
rate is too low.

22-15. Compound motor. Like ,the compound
generator, the compound motor has both 'series
and shunt field windings, as shown in part C of
figure 67. The seriet winding May either aid the
shunt winding (cummulative compound) or op-
pose the shunt winding (differential compound).
The differential compound motor is not used by
the Air Force.

22-16. The characteristics of the cumulative-
compound motor lie somewhere between those of
the series and those a the shuns motor. As the
load is increased, the increase in current increases
the flux due to the series winding. This increases
the torque faster than the increase for a straight
shunt motor. But this increase in flux decreases
the speed more rapidly than the speed 'decrease
in a shunt motor. The applied and developed
torques are balanced with less speed decrease
thaivin a series motor, but more than in a shunt
motor, as shown in figure 68.

3'/S
22-17. Because of the series field, the cumu-

lative-compound motor has a tigher starting
torque than a shunt motor. Cumulative-com-
pound motors are used in driving machines that
are subject to sudden changes in load. They are
also used where a high starting torque is desired
but a series motor cannot be used.

22-18. Duty Ratings._ Electric motors are re-
quired to operate under-various conditions. Some
motors are used for intermittent operation; others
operate continuously. Motqrs built for intermit-.
tent duty can be operated for short periods only,
and then must be allowed to cool before being
used again. If such a motor is operated for long
periods under full load, the motor becomes over-
heated. Motors built for continuous duty may be
operated at rated power for long periods of time.

22-19. Continuous. Motors designed for con-
tinuous operation are used on such units as in-
verters, pumps, and other units which are re-
quired to operate over long periods of time.

22-20. Intermittent. Motors designed for in-
termittent operation are used in such systems as
wing flaps, special hydraulic pumps, landing gear,
and other units which do not require continuous
operatjon.

22-21. Motor Speed Control. The speed of a
series motor may be controlled by a rheostat con-
nected in any one of the three ways shown in fig-
ure 69. When the rheostat is in parallel with the
armature (A), increasing the rheostat resistance
increases armature current and thereby increases
the speed of the motor. When the rheostat is
in series with the motor (B), increaiing rheostat
resistance decreases current flow in the entire
circuit and thus reduces motor speed. When the
rheostat is connected in parallel with the field
(C), increasin rheostat resistance decreases
armature currJ and reduces thespeed of the
motor.
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Figure 69. Controlling speed of series motors.

22-22. If the motor is intended to operate at
near its normal rated speed, connection B is used.
If it is intended to operate at lower than normal
speed, connection A is used. Connection C is
preferred for operation above normal speed.

22-23. Id the shunt motor, speed can be con-
trolled by a rheostat in series with the field wind-
ings, as shown in figure 70, part A. The speed
depends on the amount of current which flows
through the rheostat to the field windings. To
increase the motor speed, the resistance in the
rheospt must be increased. This decreases the
field current. As, a result, there is a decrease
in the field strength of the field windings and
in the cemf. This allows the armature current to
increase and the torque to also increase slig,htly.
These increases require no overload'conditiod on
the motor. 'The mcitor than automatically speeds
up until the =If increases and there is a new
balanced condition establded between load and
armature current. When This occurs, the motor
will be operating at a higher fixed speed than
Sefo:e.

22-24. To decrease the motor speed, the re-
sistance of the rheostat must be.decreased. More
current then flows through the field windings and .
thus the strength of. the field is increased. The
cemf then increases and decreases the arfnature
current. As a result, the torque deFreases and
theQnotor.slows down until a new balanced con-
dition is established between load and armature
curt-grit. The motor is then operating at a lower
fixed speed than before. This method of varying
field strength is the most efficient method of con-
trolling shunt-wound motor speed.

22-25. The speed of a shunt motor can also
be controlled by a rheostat in series with the
armature, as shown in part B of figure 70. In
this case, field strength remains constant and

*

armature current is varied. Speed is increased
by decreasinuheostat resistance ana is decreased
by increasinglheostat resistance. When the speed
of a shunt motor is adjusted by armature control,
the speed regulation becomes very poor at the
lower speeds. Also, there is a power loss across
the rheostat. For these reasons, field control is
more generally used. `Armature control is used
only where an occasional decrease in speed is
required or where the load decreases with the
speed,as in blowers or fans.

22-26. Reversing Direction. The direction of
rotation of a motor may be reversed by reversing
the direction of ct1rrent flow in either the arm&
ture or the field windings, but not in both at the
same time. This will reverse the magnetism of
either the armature or the magnetic field in which
the armature rotates. If the wires which connect
the motor to an external source are reversed, the
direction of rotation will not be reversed, since
changing these wires reverses the magnetism of
both field and armature and leaves the torque
in the same direction as before. <
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k Figure 71. Controlling motor direction.

22-27. Split-field method. One method for re-
versing direction of rotation is the use of two
field windings wound in opposite directions on
the same pole. This type of motor is called a
split-field motor. Figure 71,A, shows a series
motor with a split-field winding. The single-pole
double-throw switch makes it pOssible to send
current through either of the two windings.

22-28. When you place the switch in the Nr. I
position, current flows through the left field wind-
ing, creating .a north pole at the right end of
the wounding and a south pole at the left end.
When you place the switch in the Nr. 2 position,
current flows through the right field winding, the
magnetism ofthe field is reversed, and the anna-
Cure rotates in the opposite direction.

22-29. Some split4ield motors are built with
two separate field windings wound on alternate
poles: The armature in such a motor, a four-
pole reversible motor, rotates in one direction
when current flows through the windings of one
set of opposite pole pieces, and in the opposite
direction when current flows through the other
set of windings.

22-30. Switch method. Another way to re-
verse direciion is to use a double-pole double-
throw switch that can change the direction of
current flow in either the armature or the field,
as shoWn in the illustration of the series motor in
figure 7I,B. Current direction can be reversed
through the field, but not through the armature.
When the switch is thrown to the Nr. I position,
curreni flows through the field winding to es-
tablishlt.a north polk at the right side of the
motor and a south pole at the left side of the
motor. When the sWitch is thrown to the Nr. 2
position, this polarity is reversed and the armature
rotates in the opposite direction.

23. AC Motors
23-1. Ac motors have a number of advant-

ages over dc motors. .The three main advantages
are less arcing at high altitudes, smaller size,
and lighter weight for the same power output.
There are two general types of ac motors which
are used on aircraft, the induction and the
synchronous. The induction motors art" further
divided into three classes: single-phase, two-
phase, and three-phase. Of these, the three-
phase is the class generally found on aircraft.
Prior to starting our discussion of ac motors, let's
discuss one that can be used on either ac or dc.

23-2. Universal Motor. A universal motor is a
series-connected motor that may be operated on
ac or dc with approximately the same speed and
'torque characteristics. The armature, and field
coils of the universal motor are connected in
series. A change in current direction, due to the
ac input, or conunutation action of dc results
in an in-phase relationship between the armature
and the field flux. As the direction of current
flow and the direction of magnetic flux in the
field and armature are changed, the rotation of
the armature will remain the same. Even though
the current is reversing 120 times per second
(60 'Hertz input), the universal motor will con-
tinue to run in the same direction, because the
field flux is always in phase with the armature
flux. When a universal motor is run on dc, the

' current flowing in the circuit is limited only by
its resistance and the self-induced armature volt-
age. For ac operation, the reactance due to the
inductance of the coils absorbs some of the line"
voltage, resulting in a lower speed on ac than
on dc for a given value of current. In large uni-
versal motors, reactance losses are compensated
for by an auxiliary winding. This winding is
displaced 90 electrical degrees from the main
field winding. The field of this compensating
winding cOunteracts the effect of armature reac-
tion and also tends to improve commutation. In
universal motors, the field and the frame must
be lamiaed to reduce heating by eddy currents
when thWmotor is used on ac.

23-3. These motors are seldom found on air-
craft or allied equipment; they are usually used
in instrument testing devices. However, they have
a wide commercial application. You will come
across them in electric drills, fans, .rid such small
appliances as vacuum cleaners. ,

23-4. Induction Motors. The induction motor
has long been known for dependable, trouble-

,
free service. This type of motor is used where
small and medium-sized ac motors are needed.
,The speed is determined by the number of poles
and the frequency of the vupply voltage, and
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Figure 72. Squirrel cage rotor.

remains constant over a wide range of loads. The
induction motor, as the name implies, operates on
the same principle as a transformer, with the
stator acting as the priulary winding and the
rotor acting as the secondary. There are no con-
nections between the stator and the rotor; all volt-
ages in the rotor are created solely by mutual
induction. We will next discuss the three types
of rotors found in induction motors.

23-5. Squirrel cage rotor. Some induction
motors have a rotor that is called a squirrel cage.
The basic construction principles of all squirrel
cage rotors are the same regardless of the dit-
ferences in appearance (see fig. 72). Each is
made of a laminated iron core mounted on a
spider or framework secured to the sh.aft. Bars
of copper, altiminum, or some alloy which is a
good, conductor are laid in slots on the core. The
bars are .welded to eV plates at each end of
the rotor. That's all there is to jtno electrical
-connections to outside lines, nct .insulation, no
phases. and no sflprings., This rotor got its nick-
name from the appearance oi the windings.w
removed from the iron core.

.
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23-6. Double squirrel cage rotor. The double
squirrel cage rotor contains two sets of rotor bars,
as shown in figure 73. One set of bars, which
has a comparatively small cross-sectional area, is
placed in the slots close to the surface of the
rotor; the other set, which has a larger cross-
sectional area, is placed deeper into the slots.
The set with the smaller cross-sectional area has
a resistance of a few tenths of an ohm, while the
other set has a resistance of a few thousandths
of an ohm. The larger number of flux linkages
around the lower conductors gives this set a
greater inductance. The high frequency at which
the rotating field cuts both sets of conductors at
starting speeds causes the total impedance of the
low-resistance winding to be higher than the im-
pedance of the top windidg. In starting, therefore,
most of the current flows through the top bars.
The higher resistance of these bars tend to reduce

e phase angle between the rotor current and
the field flux, and this increases- the starting
torque. As the rotor comes up to speed, the
frequency of the voltage induced in the rotor
becomes lower, and ,the inductive reactance of
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Figure 73. Double squirrel cage rotor.

the bottom bars is reduced. Since the reactance
of both sets of bars is relatively low, the current
flow is now limited largely by the ohmic re-
sistance of the bars. Most of the current now
flows through the bottom bars, since they have
the lower resistance.

23-7. Under no-load conditions, the double
squirrel cage motor operates as a normal single
squirrel ,cage motor, with most of the current
flowing through the bottom bars. Under varying
load conditions, the current automatically divides
between both sets of Mrs in the proper propor-
tions to produce the required amount of torque.
The double squirrel cage motor has medium high
starting torque and moderate speed characteris-
tics. If very high starting torque and moderate
speed control are desired, a wound rotor motor
is more suitable.

23-8. Wound rotor. These motors, as used by
the Air Force, are generally operated on three-
phase power. The stator is wound in the same
manner as the stator of the three-phase squirrel
cage motor; the rotor, however, is wire-wound
and is connected into three-phase groups. The
leads from one end of the three-phase groups are
star-connected, and the other three leads are
connected to three sliprings, as shown in figure
74. Three rheostats are star-connected, through
the sliprings, to the rotor windings. All three

, rheostats are mounted on one shaft, so that they
may all be adjusted simultaneously. The motor
is started with the full resistance in the rotor
circuit. After the motor starts, the resistance is

gradually reduced until it is out of the circuit
entirely. The motor is now at full speed. The
startig, current is not much greater than the
full-load current. The wound-rotor motor is a
variable-speed motor, since its speed can be con-
trolled by varying the external resistances. Al-
though this type of motor has a higher starting
torque than single or double squirrel cage motors,
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it is not as efficient at running speeds, because
it isVt possible to have as low a resistance in a
woun& otor as in a squirrel cage rotor. This is
because 4. bars in a squirrel cage rotor have
less resistan than the wire in the wound rotor.

23-9. Opera principles. When an alter--,
nating current is ied to the primary of a

transformer, a varyiny"% etic field is estab-
lished which induces a vol,- nto the secondary
winding. When a i.maltage is ced in a coil
situated in a magnetic field a cti* ows and
the associated magnetic field reacts wig he exist-
ing magnetic field and a force is set up yihich
tends to produce motion in the coil relative to
the field. If the secondary windings were free
to move, they would do so; however, they would
come to rest as soon as they were outside the
influence of the magnetic field. If the secondary
is to continue moving, the primary must be
moved so as to keep the secondary within the
magnetic field.

23-10. To explain how torque is produced,
the induction motor may be considered as consist-
ing of a horseshoe magnet and a disk. For pur-
poses of explanation, however, assume that the
disk and the horseshoe magnet are both free to
rotate on a common axis. Since the pole faces
of the magnet are separated from the surface of
the disk by only a small airgap, the flux lines of
the magnet pass through the disk. As the magnet
is rotated, the magnetic field induces eddy cur-
rents in the metal disk. These induced currents
follow definite paths in the disk, as though they
were following through regular conductors. Ac-
cording to Lenz's law, the current induced' in a
conductor as a result of its motion in a magnetic
field is in such a direction as to exert a mechani-
cut force opposing the motion. In the case under
consideration, the fact that the disk is initially
stationary and the magnetic field is rotating is of
no consequence. because all motion is relative.
The magnetic field produced by the eddy cur-
rents induced in the disk exerts a force that
oppotes the motion of the magnet. But, since
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Figure 74. Wound rotor schematic.



the disk is not held stationary, the opposing force
in the disk causes it to revolve.

23-11. In a COustant magnetic field, motion of
the field or motion of a conductor in the field,
will cause current to be induced in the conductor.
The direction of the induced current in the On-
ductor will be such that. by its electromagnetic
action on the field, it will cause the conductor
to move in the same direction as the magnetic
field. The magnet and the disk will both be
turning in the same direction; however, when the
disk is turning more slowly than the magnet, the
relative motion of the disk is in the opposite di-
rection with respect to the direction of rotation
of the magnet. In other words, if relative motion
were maintained betweenthe magnet and the
disk,-and the magnet stopped rotating relative to
an observer, the disk would be rotating in the
opposite direction. The relative motion between
the magnet and the disk, usually referred to as
the slip. is important, because it is this motion
which induces the current into the disk to pro-
duce the operating torque. As the slip increases,
the torque decreases. If the slip action continues
to increase, ,a breakdown torque will be reached,
at which point the rotor will come to a standstill.

23-12. The synchronous speed of an induction
motor is, the speed at which the magnetic field
rotates. It depends upon the number of poles
from which the stator is wound and the fre-
quency of the applied voltage. Even at no load.
nn indtiction motor will not reach synchronous
speed. because there must be a difference in
relative speed between the stator field and the
rotor in order for induction to take place. It is
only attained by synchronous motors with dc
excited rotors. Before we proceed, you have to
learn two formulasthe first is for synchronous
speed:

Synchronous speed = 60 x frequency
V2 Nr. of poles per phase

The other is for "slip." wIfich is the difference
between the speed of the rotating field and the
rotor; as you can observe. irbegins where the first
formula leaves off :

synchronous speed actual speed
synchronous speed

x 100

This value varies from 4 to 8,5 percent at full
load for motors of from 1 to 75 hp. At two to
four times its normal rated load. an.ac induction
motor may be expected to stall. The reason is
"breakdown torque." the point at which the rotor
is so heavily overloaded that the magneijc field

no longer has enough strength to turn the rotor
When this occurs, not only will the rotor stall,
but the stator also will overheat in the same
manner as an overloaded transformer Needless

to say. this condition is dangerous. For safety,
then, always be sure that maximum load limits
for an induction motor are never surpassed.

23-13. An induction motor operates in a man-
ner very- similar to that of the simple induction
motor composed of the magnet and disk, except
that it is unnecessary to rotate the stator to obtain
a rotating field. There are no pole pieces in the
stator of an induction motor. Instead, a distrib-
uted winding, similar to the stator of a universal
motor. is used. The coil groups in the stator are
lap-wound, and these groups are connected so as
to produce the desired magnetic poles. Any
number of poles may be formed by connecting
the coils together properly. The stator core re-
mains stationary, but it produces a magnetic field
which rotates as if the entire stator were turning.
The ability of magnetic fields to add together or
cancel out makes it possible to create smoothly
rotating field poles. When the motor is running
with no load, the rotor will increase its speed to
nearly that of the rotating magnetic field. If the
rotor speed equaled the speed of the rotating
field, there would be no slip; consequently, no
voltage would be induced in the rotor windings,
and there would be no torque, because the con-
ductors would be cutting no flux lines. There-
fore. the rotor would slow down until there was

;sufficient slip to develop the necessary torque.
In a no-load condition; very little torque is re-
quired; as stated previously, under no-load con-
ditions the rotor speed nearly equals the speed
of the revolving field.

23-14. Single-Phased Motors, If one lead of
the three-phase induction motor is disconnected
while the motor is running, it will continue to run
on two phase. However, it will overheat if the
rated load is still carried. If the motor is stopped,
it will not start again with one lead disconnected.
Thereby hangs a tale. Single-phase induction
motors will run when once started, but they
won't start themselves.

23-15. When a single-phase winding is excited
with a single-phase current, a pulsating field is

produced in the stator. The magnetic field
changes in all of the poles at exactly the same
time and same rate, so no rotating field is pro-
duced. A voltage is induced in -the rotortrans-
former actionbut no torque,is produced. The
motor is merely acting as a transformerthe
stator is the primary and the rotor is the second-
ary. The current flowing in the rotor conductors,
due to transformer action, produces a flux which
opposes the flux in the stator. 'u the=n ire
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Figure 75. Connections for split-phase motor.

turns of the secondary of a static transformer
oppose the primary ampere turns. No torque is
developed because of the relative position of the
stator and rotor poles. And, th&re is none during
the cycle of current; therefore, no torque is pro-
duced by the single-phase motor, and it is not
self-starting.

23-16. Since single-phase Motors are not self-
starting. some auxiliary means must be used to
start them. Of course, yoU could start the very
small ones by hand. However, this doesn't solve
the problem of starting the larger motors, and it is
rather an inconvenient method of starting even
the small ones. So some other method is desira-
ble. One method is to split the phase by com-
binations of inductance, capacitance, and resist-
ance.

23-17. Split-phase motors. Figure 75 shows a
common method of splitting the phase. Two
windingsrunning 'and startingare placed in
the stator. The running winding is .wound on the
stator, and the starting winding is wound on top
of it in such a manner that the centers of the
poles of the two windings are displaced by 90°.

23-18. The windings are shown schematically
in figure 75. Here's the secret to the operation
of the split-phase motorthe currents in the two
windings are not in phase. The running winding
has a low resistance and, being surrounded by
iron on all sides except one, it also has a high
inductance. On the other hand, the starting
winding is wound with smaller wire and has a
high resistance. Also, it has iron on only two
sides, and consequently has less inductance than
the running winding. Therefore, when the same
voltige is applied to both windings, the current
in the running winding lags the voltage more
than

23-19.
ning winding
while the current in

s the current in the starting winding.
that the current in the run-

e applied volta'ge by 50°
tarting winding lags the

applied voltage by 30°. The result is a phase
difference of 20°. The windings have been al-
ready established as being 90° apart; therefore,
when the difference is applied to the windings a
simulated rotating magnetic field is produced.
This is enough of a phase difference to start the
motor. The phase difference is not important in
this course as a value but rather what the phase
difference does for the motor. The phase dif-
ference starts the rotating magnetic field which
moves the rotor.

23-20. When the motor comes up to speed, a
centrifugal device opens a switch and disconnects
the starting winding from the line. The starting
winding has a high resistance, and the PR loss
is high. So if the centrifugal device should fail
to open the switch, the motor will run hot; if
allowed to run veg long with the starting wind-
ing in the circuit, the winding will be burned out.
This is probably the most frequent cause of fail-
ure of the split-phase motors.

23-21. Capacitor motors. Figure 76 shows a
diagram of a single-phase induction motor in
which capacitance rather than resistance is used
to split the phase. A capacitor placed in the
starting winding circuit (part A, fig. 76) causes
the 'current to lead the voltage in the starting
winding circuit. By using the proper capacitor,
the currents in the two windingsstarting and
runningrcan be made to differ in phase by
approximately 90°. Then, you have a motor
with approximately the same starting torque as a
regular two-phase motor.

23-22. Physically, within the motor the two
windings are displaced by 90°. With the 90°
phase difference of the two currents, the staffing
torque produced is equivalent to the starting
torque of a two-phase motor. Furthermore, the
resultant line current is almost in phase with the
line voltage, which gives the motor an exception-
ally high power factoralmost unity.

23-23. Where a starting winding is used only
to start the motor, it is disconnected from the
circuit by a centrifugal device when the motor

110
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Figure 76. Capacitor start motor.
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gets up to speed. This motor is called a capaci-
tor-start, induction-run motor. However, recent
improvements of capacitors and reductions in

their costs have made it practical to build motors
in which the starting winding in series*ith a
capacitor is left across the line. Thus, the motor
operates from a single-phase line with the charac-
teristics of a two-phase motor. To reverse any oL
the split-phase motors, reverse either the starting
winding or the running winding leads:

23-24. Repulsion-start indubtion-run motors.
The repulsion motor, in its construction, may be
thought of as a combination ac and dc motor.
Its stator is similar to that of a single-phase in-
duction motor and its rotor is like that of a dc
motor. It is provided with brushes which are
shorted together but are not connected to any
other part of the motor. When voltage is applied
to- the stator, a definite polarity is set up in the
field poles. This magnetic force will induce a
current in the rotor windings. As the current in
the stator windings changes direction, so does the
induced current in the rotor; the like poles will
still be opposite each other and continue the
repelling action. As the motor speed builds.up, a
set of flyweights is put into operation. These fly-
weights close a short-circuiting device,, which re-
moves the brushes from the commutator and
then shorts out the commutator segments. This
causes ihe motor to run as an induction motor.
The rotor cell will now act the same as the
copper or aluminum bars of a squirrel cage rotor.
This motor has a very high starting torque and
the direction of rotation can be reversed by
shifting the brushes 900 E.

)11

23-25. Shaded-Pole motors. The shaded-pole
motor employs- a salient-pole stator and a cage
rotor. The projecting poles on the gator resem-
ble those of dc machines except tWt the entire
magnetic circuit is laminated and a portion of
each pole is split to accommodate a short-
circuited copper strap called a shading coil. This
motor is, generally manufactured in very small
sizes, up to 1/20 horsepower. A 4-pole motor of
this type is illustrated in figure 77. The shading
coils are placed around the leading pole tip and
the main pole winding is concentrated and
wound around the entire pole. The four coils
comprising the main winding are connected in
series across the motor terminals.

23-26. During that part of the cycle when the
main pole flux is increasing, the shading coil is
cut by the flux, and the resulting induced emf
and current in the shading coil tend to prevent
the flux from rising readily through it. Thus, the
greater portion of the flux rises in that portion of
the pole that is not in the vicinity of the shading
coil. When the flux reaches its maximum value,
the rate 'change of flux is zero, and the voltage
and cu t in the shading coil also are zero.
At this time, the flux is distributed more uni-
formly over the entire pole face. Then, as the
main flux decreases toward zero, the induced
voltage and current in the shading coil revers),
their polarity, and the resulting magnetomotive
force tends tp prevent the flux from collapsing
through the iron in the region of the shading
coil. The result is that the main flux first rises
in the unshaded portion of the pole and later in
the shaded portion. This action is equivalent to
a sweeping movement of the field across the pole
face in the direction of the shaded pole. The
cage rotor conductors are cut byfthis moving field
and the force exerted on them causes the rotor
to turn in the direction of the sweeping field.

23-27. The shaded-pole motor is similar in op-
erating characteristics to the split-phase motor.
It has the advantages of simple construction and
low cost. It has no sliding electrical contacts and
is reliable in operation. However, it has low
starting torque, low efficiency, and high noise
level. If is used to operate small fans. The
shading coil and split pole are used in clock
motors to make them self-starting.

23-28. Two-Phase Motors. The two-phase and
the four-pole, single-phase induction motors have
th? same basic construction. However, the coils
are not connected together as in the single-phase
motor. Since two-phase power has four leads, we
simply connect the two leads of each phase to
the corresponding phase leads of the power sup-

ply.
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Figure 78. Two-phase motor.

23-29. Figure 78, part A, is a schematic of a
two-pole two-phase stator winding. When these,
windings are energized by two-phase power, the
phase relationship of the currents will vary by
the sine curves shown in part B. Since there is a
900 phase shift between the phases, no special
devices are required to cause a rotating magnetic
field in a two-phase motor. It simply follows the
output of the ac generator.

23-30. To change direction of the two-phase
motor, simply ,reverse the connection of either of
the two phases. This will reverse polarity in one
set of poles and cause the magnetic field and the
rotor to rotate in the opposite direction.

23-31. On an aircraft, the electrical instru-
ments are just about the only units operated by
two-phase motors. The majority of ac motors on
aircraft are of the three-phase type.

23-32. Three-Phase Motors. The trend 9f
modern aircraft is toward a strictly ac power
system. This presents the problem of what type
ac motor should be used in the construction of
starter and actuator motors. The three-phase
motor, because of its small size and light weight,
fits the .. need perfectly. Also, since the three

. phases are separated by 120 electrical degrees,
there is no need for additional starting. devices.
The induction principles covered for single-phase
motors also apply to three-phase motors.

23-33. The direction of rotation of a three-
phase motor may be reversed by changing any
two of the three power leads. This can easily b_
&Me by using a double-pole double-throw relafr
connected between two of the three niotor lead
This relay is then controlled by a remote switc ,

which controls the direction of rotation of the
motor.

23-34. Now we should mention some of the
peculiar characteristics of the three-phase motor.
Even though it will not always start on two
phases, it will run on two phases, but will not
carry a very large load. The three-phase motor
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will not run on one phase. The three-phase mo-
tor has a very high starting torque and a great
power capability.

23-35. Synchronous Motors. The basic parts
of a synchronous motor are the rotor and the
stator. The rotor is composed of permanent mag-
nets or is one whose poles are excited by a
source of dc and whose polarity does not change;
the stator consists of several pairs of poles and
is excited by ac. A synchronous and a repulsion-
start motor operate in much the same manner.
In the synchronous motor, however, the rotor
polarity is established by furnishing a dc source
through the brushes to the rotor windings. By
using a multipole stator as in the three-phase
induction motors. we can obtain a rotating field
when polyphase ac is applied to the stator. When
dc is supplied through sliprings to the rotor
windings, a fixed pdarity is produced at each
pole. These poles lock in step with those of the
rotating field, and the rotor is pulled around as
the stator magnetic field turns. Because of the '1/4
lockup, the rotor travels at the same speed as
the rotating field. In other words, the rotor speed
is synchronized with that of the stator field. It is
from this design that the motors derive their
name.

23-36. Now, let's suppose that the stator and
rotorPare energized at the same time. According
to the laws of magnetism, the stator poles will
attract the unlike ones of the .rotor. If the motor
is a four-pole type and draws 60 Hertz current,
the synchronous speed of the field will be 1800
rpm as soon as the field is excited. However, the
rotor can't jump from a standstill to 1800 rpm in
"nothing flat." The windings would be yanked
out of their slots and the entire motor would be
wrecked. However, if the rotor is brought up to
a speed that is the same or neatly equal to that
of the rotating field, it will lock in step and be

. towed around by the field at synchronous speed.
How do we bring this condition about? The
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3 6 t;



method is simple. We start synchronous motors
as induction types. A squirrel cage winding is
placed upon the rotor. When the motor comes
up to an rpm that is slightly less than synchronous
speed, the dc field on the rotor can be excited
dnd the lockup will occur.

23-37. To reverse a synchronous motor, we
change the direction of current in the rotor or
shift the brushes as we did with the repulsion-

.start motor. In both cases, we reverse the polarity
of the rotor. The synchronous type is used in a
few instruments and also electric clocks, but these
are about the only devices on aircraft where there
is need for such motors.

24. Rotary Invertirs
24-1. If you checked the technical order index,

you would find there are about U, hundred dif-
ferent makes and modds of rotaff inverters cur-
rently installed in aircraft. All have two things
in common. These are devices which change dc

.. into 400 Hertz ac, and they consist of as.dc
motor which drives an ac generator (both of
which are mounted in the same housing). A
few examples of the differences between the
models are the methods of speed control and
the frequency control, their ability to generate
one or two different voltages, and their electrical
capacity. Also, some are single-phase and others
are three-phase inverters.

24-2. Inverter Capacity. Our first considera-
tion concerns the system for rating the output.
The electrical capacity of these units is` expressed
in volt-amperes. It is equivalent_to the product
of the voltage produced multiplied' by the current
capacity, which varies from 100 va to 5000 va
for those inverters now in use. In those inverters
which produce two different voltages, the ca-
pacity is expressed as the sum of the capacity
of the two separate sources. For example, an
inverter listed as a 250 va, whose output is
distributed 60 va at 26 volt, single-phase, and
190 va at 115 volt, single-phase. Another in-
verter is rated at 750 va at 115 volt, three-phase,
and 250 va at 26,volt, single-phase, which re-
sults in an inverter with a capacity of 1000 va.

24-3. Frequency Control. When dealing with
ac, frequency is very-, important. If the motors,
instruments, amplifiers, and other control are to
operate efficiently, it is absolutely necessary that
the frequency of the voltage be regulated within
certain limits. The general range for inverter
frequencies is from 375 to 425 Hz, but certain
types have controls which maintain frequency
between much narrower limits. For example, the
frequency range of one inverter is' 380-420 Hz,
while that of another inverter is 390-410 .Hz.

i

24-4. As indicated previously, frequency is de-
pendent upon two factors. With a two-pole field
and a single loop of wire rotating in that field,
we know that it is possible to obtain one cycle
of ac for each revolution. Now, if the number
of fields is increased to eight, we will get Jour
cycles of ac per revolution. If the speed in the
latter case were one revolution per second, we
would have a frequency of 4 Hz. If the rotating
member were driven at a speed of 100 revolu-
tions pet second, the induced voltage would reach
a frequency of 400 Hz. The formula, as previ-
ously mentioned, used for determining fre-
quency is:

113

Frequency Nr. of pairs of poles x rpm
60

24-5. Since the number of pairs of poles is
determined by the unit manufacturer, no control
may be exercised there. However, the speed of
the inverter is controllable. In some of the
smaller inverters the manufacturers have de-
signed motors to run at a fairly constant speed
of such magnitude that the inverter will generate
a 400 Hz voltage. However, in the larger out-
put inverters there must be some mechanical or
electrical control in order to maintain constant
speed of the drive motor.

24-6. How, then, is frequency controlled?
Well, there are four different ways. You can
use either (1) flyweight assemblies, (2) fly- .
weight controlled carbon piles, (3) series res-
onance circuits, or (4) voltage regulator circuits.

24-7. Flyweight assembly. Several inverters
include as part of the speed control a flyweight
arrangement located at the end of the armature
shaft. Under the action of forces resulting from
rotation (centrifugal force), the flyweights are
forced outward from the shaft. In those inverters
having flyweight governors, the outward move-
ment of the flyweights is changed to a lateral
motion and applied to a moving electrical con-
tact. A fixed electrical contact is so positioned
with respect to the movabl,e one that neither
touch when the motor is tur ing at speeds below
the normal frequency range. ever, as the
motor speed increases, the centrifugal force act-
ing on the flyweight produces progressively more
and more lateral displacement of the moving con-
tact. When the speed reaches a point that has
the frequency pf the inverter at the upper end of
the normal frequency range, the contact points
touch and cOmplete an electric circuit, which, in
turn, acts to reduce the speed of the motor.
When this last action occurs, the effect on the
flyweight governor unit is lessened and the con-
tacts again. .As a result, the motor speed
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will increase and the cycle will be repeated.
Thus, the speed of the motor is regulated so that
the frequency of the ac produced by the inverter
unit will be within the 375 to 425 Hz range.

24-8. FlyNeight controlled carbon pile. The
carbon pile for this method is similar to the one
used in the voltage regulator. We know that
carbon is a conductor of electricity and that its
resistance is dependent upon the temperature of
the carbon and the amount of pressure applied
between the various particles. Figure 79 is a
drawing of a typical carbon-pile speed control
unit. The unit continues to use the rotating fly-
weight assembly which is counteracted by a ball
thrust unit. This ball thrust unit is attached to a
glass or porcelain insulating rod, which extends
through the carbon pile. One end of the stack

s.of carbon discs is stationary, whereas the washer
at the other end is free to move on the insulatings
rod under the action of a floating stud. You
adjust the specd and inyerter frequency by turn-
ing the nut and varying the pressure on the spring
that is located between the nut and the floating

oud.
24-9. When the motor turns, di flyweight as-

sembly rotates. This action results in centrifugal

INS ING ROD

5
force, causing the weights to move outwatd from
the axis of rotation. As the spring member,
situated in the governor section, tends to become
flat on account of the previous actions, the ball
thrust unit moves in the same direction because
of the spring in the adjustment end. The fi\ist
small part of the travel of the assembly produces
no zontrol over the motor speed, because the
floating stud is not in contact with the movable
washer. However, as the speed increases, the
lateral movement of the center assembly con-
tinues until tbe floating stud begins to press upon
the movable washer. As the Fceleration causes
mote and more pressure to be applied to the
stack of carbon discs, the resistance of the carbon
stack becomes less, thereby allowing more cur-
rent to flow in the control section of the inverter
motor. When the inverter frequency approaches
the upper limit of its normal range, the flow of
current through the control field of the motor will
be sufficient to bring about a speed reduction._
Then the return spring under the flyweights will
cause the moving parts to be displaced, the pres-
sure on the carbon pile to be reduced, and the re-
sistance in the control field circuit of the motor
to be increased. Units (*this design are generally

o
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Figure 79. Speed control unit.
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Figure 80. Volt*ge-regulated speed control circuit.

capablb of maintaining the frequency within a
range of 380 to 420 Hz.

24-10. Series-resonance circuit. The series-
resonance principles discussed in Volume 1,
Chapter 6, can be applied to this circuit. Its
components consist of an inductange toil, a ca-,
pa 't a rectifier circuit, and the control field
of the in ter motor. The power to operate the

circuit is g erally furnished by the 26-volt out-
NI of the iverter, although in some units it is.
taken direc y from the 115-volt termipals and

reduced b use of a transformer. Normally,

there is s much impedance offered by the in-
ductance cài1,an d capacitor in the control circuit
that very little current will flow through the con-
trol field,of the motor. However, as the.frequency
of the current goes abcive 400 Hz, the circuit will
approach a series-resonant condition. At this
point, the impedance of the circuit is dcreasing
rapidly, thus glowing more current. to I flow

through the control field and causing the motor to

slow down. As' soon is the output reaches 400
Hz, the impedince of the control circuit will
again increase and cut down the current in the Axe, the ac voltage remains more or less constant

control circuit. r in spite of ihe step-up in veloci,ty. As the resiit-

24-11. Voltage-regulator circuit. The fre- 1 ance of the carbon. stack increases, the'reartsiance

quency-control circuit is connected directly to the of the motor contrpl field, which is wired in

voltage-regulator circuit of th'b inverter, as dial parallel with the carbon stack, remains the same.

grammed in figure 80. The voltage adjustingi This set of conditions causes the current flow

rhebstat is connected through a xectifier bride through the control field winding to increase and
4

and curre,nt limiting resistor to the inverter output
terminals., In the restifier bridgt the ac is changed
to a ptdsating dc; which flows, through the volt-
age regulator control coil, a carbon pile type
voltage regulator similar- to those previously dis-

cussed. The carbOn pile is positioned between the'
dc input terminal and the generating field. Con-
nected in parallel with the carbon pile is the

inverter motoecontrol' field.
24712. NorMally the voltage adjusting rheostat

is factory or depot adjusted to maintain 115-volt
ac output. Automatic speed control is obtained
through the rectifier, the voltage regulator,' and
the control field. Any increase in ,speel above

normal will cause the ac voltage to become
greater and will put a larger dc voltage across
the terminals of the rectifier bridge. As this volt-
dge is impressed upon the reghlator 'control coil,

it will cause the pressure on the, carbon pile to*
ipe decreased, Because of this, therl j a corre-
'sponding increase in the resistance of 'the as-
sembly, and, as' a result of this action, current

-flow to the generating field will decrease. There-1
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results in a reduction' of motor speed. As the
sited of the inverter decreases, the resistance
of the carbon, pile is Igseried. This allows the
.currenwo the motor control field windings to de-
crease. At the same time, the current through

"the generating field vindinis will increase,
thereby maintaining the voliage.

24-13. Factory and ilepot adjustments deter-
mine the basic speed.Of motor rotation, and are
made only; to the shutt field rheostat, which
controls the current through the shunt field of the
motor. The circuit described abovelhen controls
the speed within a narrow range on either side
of the factory or depot basic adjustment.. Just

"'as frequency cari be c-ontrolled,; so' can voltage.
24:14 Voltage Control. All of the inverters in

use today draw dc power from the motor supply
terminals and apply it to the generator field wind-
ings through some control medium. Direct cur-
rent from ihe motor terminals is qsed for the field
excitation to orovide a more constant output volt-

, age. If part of the ac output of the inverter
-,...kgwere to be rectified and used for thic purpose,

you. Nould have to use more filters- to smooth
v.! the ripples and eliminate their- adverse ef-

,

fects upon the waveform of the output voltage.
In the case of the smaller inverters, which- op-
erate at a constant speed and upon which the
load is fairly light, the, strength of these mag-
netic fields does not have to undergc any ap-
preciable change; therefore, the field curient and
the output voltage can-be controlled through a
variable resistor connected in sole with the gen-
erating 'field. With a motor speed and a field
strength that remains the same, we will always
have a constant voltage output- as long as the
electrical load applied to the inverter is not suf-
ficient to cause A loss in speed. "

24-15. Some inverters are equipped with a
HI-LO switch. The 115-volt winding is tapped
so that additional turns may be switched into.the
circuit to compensate for a drop in vo iage when
a heavy load is placed on the syste . !A
the HI-LO switch is mounted on the enter frame

u

of the inverter and is safetied in, one position or
the other, depending upon the aircraft and the
load the' inverter is to carrY: The,inverter will
maintain an output of 115 vol* at one-half of
fu11,load when the switch is in /the LO position,'
arid three-fourths of the 115/Volts at full-rated

. .
. .
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Figure 81. Electronic voltage regulator.
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load when the switch is set in the HI position.
Although this is a wide variation in voltage, these
inverters are installed only when the nqrmal load
is less than half of their full capacity. So, with
the switch on LO, a fairly constant 115-volt 'out-
put is obtained from the inverter.

24-16. Most ot the larger capacity inverters
use a voltage regulator, whjch senses the output
ac voltage (either 26 or 115 volt), transforms it
int64 dc through the use of rectifiers, and then
uses this rectified .dc to control the current going
to the, generating windings. In this manner, a
more constant voltage is obtained throughottt the
full load range of the unit. The regulators may
be ,the carbon pile type previously discussed or
electronic ones which we will explain next.

24-17; Electronic Voltage Regulators. Elec--
trOnic yoltage regulators, operate on the principle
that a vacuum tube functions as a variable re-
sistor. When a tube conducts, its dc plate re-
sistance is the plate-tt-cathode yoltage divided by

_the de flowing through the tube. An increase
in bias decreases the current flow and- increases
the dc plates resistance of a tube; a decrease
in bias increases the current floW and decreases
the dc plate resistance of a tube.

24-18. The electronic voltage regulatot shown
in figure 81 is capable of very close-regulation
at a level 'which ni.ay be set by, varying' the
potentiom etentesetting. ,t4This circuit contains, a
vacuum tu &VI in series with the load (inverter
field). e voltage across the inverter field is

regulated- by controlling the conduction of VI.
Thus, V1' acts as a variable resistor that auto-
maticalW adjusts itself to the correct value. V3

a VR (voltage regulator) tube, which main-
tains- the -cathode of V2 at a fixed, positive po-
tential.; The voltage diyider systemcomposed
of R3, $. R4; ,and R3ii arranged so the ad-
4ustable,,arm of R4 ean be adjusted to a positive
value sufficiently low to bias V2, SC3 that it op-

--erates.sonTthe, linear portion of the ErIp curve.
4k'1 is the Plate toad resistor for V2, which is con-
- nected in series with VR tube.V2. The purpose

of this resistor is to absorb 'any change.i. of volt-
age and keep .the cathode of V2 at a pxed pol
tential.

24:19. If the outPut voltage (point A) tends to
,rise due to an ifftcease in output voltage, the
voltage at point B alsb tends to rise. The voltage
at Ir.is the voltage applied to the grid of V2 and
therefore determines how much V2 will =conchict.
If A/2 conduCts more, there is an increase in cur-

'rent through R1 and a decrease in voltage at
. point C. Th, is decrease in voltage is applied to

the grid of V1 and causes it to conduct less. This
increase in the resistance of VI counteracts the

tendency of rise in output voltage and keeps the
voltage constant.

24-20. If the output voltage should tend to
fall, the voltage at B tends to drop, causing a
rise in voltage at point C. This increase in volt-
age at C causes y, to conduct more and increases
the output voltage.

24-21. The setting of B determines the bias
of V2 and therefore the current flowing trough
it. ,As this .current flows through Rh_ deter-
mines the bias 9n VI. The dc plate resistance
of ,V1 determines the output voltage. Conte-
quently, the output voltage is adjugtable, within
limits, by setting the movable tap, point B,, of
potentiotheter R4. Because of the great amount
of current floW required in some equipment, you
may find two or' more tubes in parallel to serve
the purpose of VI.

24-22. This regulator is a typical electronic
voltage regulator, and there are several variations
which appear in inverters of different manufac-
turers. If you understand this one, you will have
no trouble with its variations.

24-23. There are two inverters to insure con-
tinuous and accurate 'operation for certain indi-
cating and control, installations that require ac
power. One is the "main" inverter, so called
because it is in constant operation; the other is an
alternate. In order to guarantee the necessary ac
power to all units that draw current froth the
inverter, a changeover relay is installed between

.. both inverters and the units that receive the
povfer. The alternate inverter will automatically
assume the load in case the main inverter fails.
Normally, in the system containing two inverters,
the RIternate remains inoperative unless there is
an emergency. Or, if necessary, the alternate
can be wired so that it is actively functioning at
all times.

; 1 .

25. Static Inverters a

25-1. Static inverters are completely solid state
electronic devices that , convert a direct current
input into a sinusoidal alternating current out-
put. Those designed for aircraft Lae normally
produce an output of 115 volts and oscillate at
400 Hz. This output can be either single phase
or three phase. For', simplicity, this discussion
wilt be limited to a particular single-phase design.
However, most of the basic concepts are applic-
able to the other types of static inverters.

25-2. This static inverter, from an input of
27.5 volts dc, produces a single ikbase, 115-volt,
400 Hz output. The entire circuit (see foldout 3)
is composed of six basic circuits ,which are -as
follows:

bscillator circuit (fig. 82)
Voltage sensing circnit (fig. 83)
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Voltage reference circuit (fig. 84)
Voltage driver circuit (fig. 85)
Pushpull olitput circuit (fig. 86)
Resonant output tank circuit (fig. 87

In our discussion of the static inverter we will
use foldout 3 as well as the figures of the six
basic circuits that make up the static inverter.
We will start our diseussioir with the oscillator
circuit, figure 82 and, foldout 3.

25-3. Oscillator Circuit Frequenq Control.
7 Transformer T1 and transistors 01 and 02 make

up the oscillator circuit (see fig. 82). This cir-
cuit has a constant frequency output of 400 Hz
(see waveform 2), and is a push-pull type oscil-

NO.1.71
9 5VI

01II TO 02%-11

3c9
lator. However, push-pull operation of transistors
01 and 02 provide greater output' than the single-
ended transistor oscillator. Dc power for this cir-
cult is provided from an external 27.5-volt dc
power supply through the filtering network con-
sisting of reactor L 1 and capacitor C7. (see fold-
out 5). Base bias for the transistors is established
by the resistive bridge network consisting of re-
sistors R1, R2, and R3. Resistor R4 is a swamp-
iag resistor for temperature stabilization. The
frequency of oscillation is essentially determined
by the LC tank circuit consistink of capacitor
CI and the primary winding of transformer T1.
A regenerative feedback signal is applied between
the emitter-base junctions of each transistor by.

-,r
NAle

Figure 82. Oscillator circuit.
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Figure 83. Voltage sensing circuit.

means of the induced yoltage in the secondary
of transformer T1. Operation of this circuit after
feedback is similir to that for the push-pull am-
plifier. The output of this circuit is coupled to
the voltage driver circuit through another sec-
ondary winding" of' transformer Tl.

25-4. There are actually two different signals
applied tci the Voltage driver circuit. Both of
these signals must be established pefore ytu can
proceed with the analysis of the voltage driver
circuit. One -is the sinusoidal output of the oscil-
lator circuit, which has already been discussed,
while, the other is a, dc voltage , established by
the voltage reference circuit. Because the voltage
sensing circuit controls the voltage reference cir-
cuit, the sensing circuit is -the logical place to
proceed with the discussion.

, 25-5. Voltage Sensing Circuit. The voltage
sensing circuit establishes the input signal to the
voltage reference circuit from a sample of the
inverter outpdt voltage. It is comprised of a
secondary winding of trinsformer T3 and a full:
wavt bridge rectifier. consisting of diodes CR5,
CR,6, CR71 and CR8 (see fig. 83). The inverter
output through transformer T3 is impressed across .
the diode bridge between the junctions of diodes
CR5 and CR6 and diodes CR7 and CR8. A
constant potential is applied to-one side *of the
bridge while the current through resistor R11 de-
termines the voltage on the opposite side. There-

Jore,- this current, which is proportional to the
output of transformer T3, will effect the voltage at

119

the base of transistor Q5 in the voltage reference
circuit.

25-6. For the purpose of explanation, assume
that the output of the inverter is zero. Therefore,
tik voltage induced into the secondary of trans-
former T3 will also be zero as will be the voltage
impressed across the diode bridge. There is a
constant 5.1 VDC (established bY cliode CR9)
applied to _the junction of diodes CR6 and CR8
and resistor RT1. However, there will be a small
amount of current through the emitter base func-
tion of transistor Q5 and resistors R11 and RT1
that is sufficient to cause all diodes in the bridge
to be reversed biased. At this time tlie potential
at the basedof transistor ,Q5 will be at its maxi-
mum positive value, which will forward-bias its
'emitter-base junction.

25-7. As the inverter output voltage increases,
the secondary output of transformer T3 will in-
cree, resulting in a propOrtional increase in the
ve3t4ge across the diode bridge. Assume that for
a given alternation the instantaneous polarity is
such that the junction between diodes CR5 and
C11.6 is negative with respect to the junction be-
tween diodes CR7 and CR8. As the magnitude
'of the output voltage increases, diodes CR5 anti
C1.8 will become forward-biased but diodes CR6
and CR7 will remain reverse-biased. At this time
current flows from terininal 7 of transformer T3
through diode CR5, reiistors R1I and R7, diode
CR8, and bo.ack to terminal 9 of the transformer.
When this occurs, the positive potential at the

3 7
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base of transistor Q5 will decrease.. This de-
creases forward-bias of its emitter-base. junction.
On the next alternation, when the polarities of
the instantaneous voltages are reversed, diodes
CR6 and C117 will be forward-biased and diodes
CR5 and CR8 will be reverse-biased. However,
current through resistor R11 will be of the same
sense and magnitude as discussed above.

25-8. Whenever the inverter output voltage
changes the voltage sensing circuit detects this
change. From it a signal iideveloped such that,
when applied to the input t4iastor (05) in the
voltage reference circuit, t e trahsistor's emitter-
base bias is changed. Ho ,this effects the volt-
age reference circuif will be seen,from the follow-
ing discussion.
*2-5-9. Voltage Reference Circuit. The voltage

reference circuit is made up of transistors 05 and
Q6 and their associated circuitry (see fig. 84).
This reference circuit provicIes a dc reference volt-
age for the sinusoidal input signal applied to the
voltage driver circuit. This voltage, which is the
collector voltage of -transistor 06, is determined
by the emitter-base bias of transistor Q5 and 06.

R1

VOLTAGE
DPW/ER
STAGE

C3

R6

06

R7

As you have alrady seen, this bLas was the
result of a signal developed by the voltage sens-
ing circuit.

25-10. To illustrate the operation of this cir-
cuit, assume again that inverter output is zero
volts. At this time recall that the voltage to the
base of transistor 05 was at a maximum positive
value. This provides a maximum forward-bias
for the emitter-base junction of transistor Q5.
Therefore, the emitter-base junction of transistor
06, which is directly coupled to transistor Q5,
will also have a maximum forward-bias. This
will cause the collector voltage of transistor Q6,
which. is also the reference voltage applied to the
center to.p of transformer T1, to be at a minimum
(near zero) value.

25-11. As you have sen, the voltage reference
circuit establishes a dc voltage at the input of
the voltage driver circuit. This voltage changes
as the inverter output voltage changes. It will be
shown in later discussions that a change in the
reference voltage causes a change in the magni-
tude of the inverter output voltage. Therefore, this

1/0e
RH'

CR9

5.1v

IP TO VOLTAGE
SENSING CIRCUIT

MA9--
113

4. .0,

, Figure 84. Voltage reference circuit.

120

P 27 5 VDC INPUT

/r

,



11

4.

NO.4

ly 2.5V
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Ii
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TO a VOLTAGE
REFERENCE CIRCUIT

Figute 85. Voltage driver circuit.

circuit combined with the voltage sensing circuit
forms a degenerative feedback circuit.

25-12. Voltage Driver Circuit. 'The voltage
driver circuit consists of a portion of transformers
T I and T2, transistors 03 and Q4, and associated
componen.ts (see fig. 1g5),. This driver circuit is
an intermediate stag4,....,6f amplification. The
sinusoidal output of the oscillator circuit is coupled
to the input of the voltage driver circuit through
transformer TI. This signal (see wavefrom 3)
is superposed with the reference voltage at the
center tap of transformer T1. Then the resultant
signal (see waveform 4). is applied to the bases
of transistors 03 and 04 through diodes CR1
and CR2. The output from this- section is a

squat Rise (see waveform 5) of cqnstant ampli-
tude but whose pulse width can vary.

25-13. In order to understand this circuit it is
best to first compare the output waveshape to the
operation of transistors 03 and 04. Transistor
Q3 and 04 are biased so that one Of the follow-
ing three conditions can' exist.

a. Both transistors conducting at a maximum.
b. Transistor Q3 conducting ai a maximum

with transistor Q4 cut off.
c. Transistor: Q4 conducting at a maximum

. with transistor Q3 cut off.
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25-14. In the first condition, both transistor
circuits are conducting at saturation due to clamp-
ing diodes CR3 and CR4, this is the quiescent
state. At this time, the collector voltages of both
transistors, will be at their lowest values. How-
ever, it sPould be noticed that the voltage drop
of resistor RIO will be large since its current is
the sum of both collector currents. This condition
is the midpoint of ihe output waveshape.

25-15. Assume that transistor 03 is conducting
with transistor 04 cut off. The collector voltage
of transistor 04 will increase to a value approxi-
mately equal to the voltage drop of resistor RIO.
This should be approximately one-half its qui-
escent value. Notice that the polarities of the
collector voltages are such that the collector of
transistor 04 will be positive with respect to

the collector of transistor 03. This condition is
represented by the lower pulse of the -output
wave.

25-16. When transistor Q4 is conducting with
transistor 03 cut off, the previous condition is
just reversed. Also, you should note that 'the
polarity of the collector voltages will be. reversed.
This is represented by the upper pulse of the
output wave.

25-17. Now that the operating conditions for
transistors 03 and 04 have been established, we

-tatt,s.
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are able to proceed with Our discussion. Again,
assunks that the output of the inverter is near
zero. Also, recall that for this condition the
reference voltage was approximately zero,
thereby placing terminal 2 of transformer.T1 ef-
fectively at a ground potential. For explanation
purposes, assume that the instantaneous voltage
of the sinusoidal input signal is such that terminal
1 of transformer T1 is positive with respect to
terminal 3. For this set 6ondition, diodes CR2
and CR1 will be forward-biased and reverse-
biased respectively. This reverse-biases the emit-
ter-base junction of ,transistor Q3 cutting it off.
It remains cutoff throughout most of the input
alternation. As you have already seen,this pro-

,t

1

NO.6
,

, 10.7V

11--.i.
07-11 TO OtI

T2

,

.. 3 3
duces the upper pulse of the output signal. How-
ever,,the width of the pulse is approximately the
same width as the input alternation. On the next

' alternation, transistor Q4 will be cut off, pro-
ducing the lower pulse of the output signal.

2-5-18. As . the inverter output voltage in-
creases, the reference voltage applied at terminal
2 of transformer T1 increases. The sinusoidal
input signal is then superposed on the reference
voltage and applied to diodes CR i and CR2.
This will cause each diode to conduct for a,

shorter period of time during each input alterna-
tion, which reduces the width of each pulse (but
not the frequency) that is alternately applied to
the base of each transistor. The pulse width of

H0.7

95V

.---.1
07C TO OtC

,
;

,

1.2

*

It

(

*---*-40- 27 3 VDC INPUT
CR13 A

.

Figure 86. Push-pull output circuit.
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OUTPUT

Resonant output tank circuit.

the output signal be reduced proportionally
and then coupled to the push-pull output circuit
through pulse transformer T2.

25-19. Pnib-Pull Output Circuit. The push-
pull output circuit, consists of transformers T2

,eond T3, transistors 07 and .08, and reactor L2
(see fig. 86). This circuit develops a sinusoidal
output signal whose magnitude is dependent upon
the width of the input pulses. The input signal
(see , waveform 6) is applied to the bases of
transistors ,Q7 and 08, which make up a class
"B" push-Pull amplifier. This signal is then am-
plified but, due to the. reactances offered by the
coils of transformers T2 and 13 and reactor L2
to the square pulse, a sinusoidal output signal is
produced (see waveform 7). Since current
through this total reactance increases exponenti-
ally as a function of time, an increase in the

O?'

input pulse width -.will increase the period for
current flow. _This allows the current through
each transistor to rise to greater vqbes with a
corresponding increase in the output !voltage.

25-20. We have shown that, -is ihe inverter
output voltage increases, the width obtthe input
pulse .to the push-pull output circuit decreases.
Therefore, its output voltage decreases, If, how-
ever, the inverter output voltage decreases, then
by the same reasoning the output from the push-
pull output circuit increases. Obviously there
should be some operating point where the entire
circuit is stablized. This point is established by "

the value of the resistance selected for resistor
R14 in the voltage sensing circuit. The regu-
lated output from the, push-pull output circuit is
coupled to the resonant output tank circuit
through transformer T3.

25-21. ResonantaOutput Tank Circuit. A sec-
ondary of transformer T3 and capacitors C5, C6,
and C8 comptise the resonant output tank circuit
(see fig. 87). This circuit, which is a series-
resonant circuit, is tuned for 400 Hz. Therefore,
when the frequency of the input voltage i 400
Hz the current through the tank circuit will be a
maximum. Since the resistance of this circuit is
low, compared to the capacitive reactance, the
Q will be high. However, the voltage across the
capacitors is equal to Q X E (applied). There--
fore, the output voltage across the capacitors will
be greater than the voltage induced into the sec-
ondary winding of transformer T3. This output
voltage is the inverter output. Under rated loads
it will be approximately 325 volts ac peak to
peak (115 volts RMS) oscillating sinusoidally at

.400 Hz.

123

3 7



4

Bib lie.graphy

TO 8A6-3-3-13,,Overhaul Instructions-A (ternator, 'TypeI, Models 1-AB1-
11.5S-3A, -3A1, -3A2, -4, -4A (Eicor), 15 January 1959 change 1 September

1965.
TQ8A6-10-2-2, Field Maintenarice Instructions-A-C Generator, 61-120 KVA,

P/N 976J006-2, -4, -5, -6, -7, -9, (Westinghouse), l'Decernber 1963, change,

15 September 1966.
, TO 8A7,3-8-3, pverhaul Instruction.r-Aircraft Power Inverter, Model W-

1298-1,1 May 1968.
TO 8C7-4-5-;23, Overhaul Instructions-Inverter, Part Number SE-2-3, 1

February 1958.
TO 8C7-7-12-3, Overhaul Instructions-Inverter, Type MG-77-B, 77-C, 77-D,

32B122-3-A, -313,15 December 1957, change 15 March 1961.

TO 8C14-2-10-3, Overhaul Instructions With Parts Breakdown-Battery Charg-

ing Converter Assembly, P/N 1950748, -1 (Delco-Remy) -"B52H," 1 No-

. vember 1962.
TO 8C14-4-7 23, Overhaul Instructions-Transformer-Rectifier, P/N 2$V100,

-3 (Chatham)-"B-52D, KC135A,"30 August 1968, change 15 May 1971.

TO 8C14-4--12 3, Overhaul Instructions With Parts Breakdown-7-Powe Supply,

P/N 28VS100C (Chatham)-"B-52H," 31 October 1969,

TO 8D6-4-112-3, Overhaul Instructions-DC Generators, Types 30E23-1-A,

-5-A, -5-B, -I9-A, -33-B (Bendix), 1 Noveniber 1968, change ;0 arch

1971. °

TO 8D6-5-6-3, Overhaul Instructions-Generator, Type R-3, R-4,

AN3633-1 A,- Model (1300, -3, -3C, -4B, -4BT, -6A, -6BT,

001.(Jack and Heintz), 15 October 1968, change 5 November 1971.

TO 8D16-3-3, Overhaul Instructions-Voltage Regulator, Model GR-28

and Heinti), 24 May 1954, change 15 August 1959.

TO 33D2-4-11-1, Operation, Service, And Repair InPructions-Inverter T

Type L-1A, Model TA-605, 15 February 1956, change 15 June 1956.

TO 9H6-3-15-2, Field Maintenance Instructions-Constant Speed Drive..cM

40051330 (Sundstrand) 1 June 1962. chat* 1 December 1969.

To 33AA7-45-1, Operating and Service Instruction.s-Portable Load Bank To.

Type A-1 (Greer), 19 December 1949, chyle 30 July 1954.

TO 33D1-2-8-1, Operating and Service Instructions-Control ParterTest Set,

P/N B1 1.0T15 (Avtron), 15 February 1958. change 1 August 1969.

TO 33D2-17-2-1, Oprating, Service and Repair Inst,ructions-Basic FilekTest

Stand, Type MC-2, Model 's3300, P/N 650990 (Sundstrand), 15 March

1961, change 25 June 1970.

TO 33D2-27-2-1, Operating and Seryice Instructions-A-C Systems Test Set,

Model T-170'(Avtron), 1 September 1960, change 14 August 1970.

TO 1B-52G-2-12, Organizational (Flight Line) Maintenance Instructions-Elec-

trical Systems-B-52G, H, 15 July L9.63, change 20 September 1968.

TO IC-135A-2-10, Organizational (Flight Line) Maintenance 'Instructions-

Electrical Systems-C-135A, 15 February 1962, change 1 August 1971.

TO 1F-100D-2-6, Organizational Maintenance-Electrical
Systems-F-100D. 30

October 1959.
124

'3 76

36(<



0

t).

NOTE: None of the items listed in the bibliography above are available through ECI. If you
cannot borrow them from i0O21 sources such as your base library or local library, you may
request one item at a time on a loan basis from the AU Libraryt Maxwell AFB, Alabama,
ATM: ECI Bibliographic Assistant. However, the AU Library generally lends only books
and a limited number of AFM's. TO's, classified publications, and bther types of publications
are not available. (Eor complete procedures and restrictions on borrowing materials from the
AU Library, see the latest edition of the ECI Catalog.)

1

*V GOVERNMINT PRiNTNOOFI.CE 11173-4111 2200

125

3 7

A UGA FS. A LA ( 760003) 3000

6



P .524
PHIA 20

P541Li 15274
1_1%14 E II DC

I P.4.0-6-1/;;;;;;ENT PANEL

4521-I CALLER)/ E. INDICATING LIGHTS
DOA& TEST *ELM NO 2

!3II foR5 EH LT CA) P2 320
P2tH20

9

II

P22120
OS 501-2,
DC GENERTOR 0,F
ON 0---- ---- VA HI

OfFITO--
P
P21

Inafi

:
C. PliCA18

0
5502

1 OC GENE PLATON

35 POWETCTITITCH P-7,1.11.

P554 1 J 320.1

rt_
A

151120

PPE S 20

P20,20

MS
W3920 ka
P2311-20

PINP

P5 4114 .0527- 2

P251120
P2o020

P2220

;1P:1

PIGCTO
P 17120

rz.7.
,1.101CIA

P SAK

6 Viir.P3513 J $20
iN RIM _ONT SW PANEL

P iscto

Pwit20

-

P21E20

P71114
P2E14

304 GENERATC0 FIELD C ACL RE

VP 402 DC VOLTIGE FIEGUL ATM

P iGC 20
P 17520

PsiAi4

Pil A I41

Pi03

<,

Foldout 1.

015020
P14020

.1570 P551

P IN;

:4516

a
PIO* 14

PiGF 20
PC 14

P20520

E20 ,

PHIE20

PGA 14
PI1014

17014
P17 C20

P IGA 14

P2414

P 434114N
P2 K HI
P2H14

ii

3kJ



--GIP
R50.

IsI0C ANIAETERN.
SHUN T

1011114

Mtn t
SP' A6 -

1011C12 A

iPIsiAAA;1 - I
TO 536
OC GEN 01SC

6PiSiO

P2461

6302
OC GENERATOR

P5A14 --

cs
--QTa.s2

K503 REVERSE CURRENT RELAY

021120 cB p3iP20--A "39.5
P556 11./ I J520.-10 ci ---P31C20 P31N207(11

54120 -L.0
-- R244116 P24111 0,11

3

I
1110PSOO.NN r- rSfoCiert P44 A 20 -00 2

P561-. .0.4 3 1506-15 Aa

IlF3P5Oilti ---qx!.0AoeN
I% AAIUN

TIE -IN 0171,514120 I
$EC SUS (-P311120 5A

OM{ G9 4 506 E X T MR $ 43,1;
36CONT

TIE -IN CONT RELAY Cf G C I
P16120 11

. GEN WARN
IP16120

1

Pl620
Pi6E20

° 14L-L-Pi6G20"" P1GG20 -
CS 501-35

I

SA

S

GEN ClELO
RELAY- P 7(14 op DE-OvEnvot.TAGE

F.2..4 tik v OPPRIAIARY 1

520 .10
PICI4

20A
-

I

P214120

P21414 P2616

11511-1

0 DC GEN POWER-71131.

:lb

CS 505-2
OC VOLTAGE REG

CSC 7409

tttttt OCI ITEM OAT

ITEM ion HpaPGLATIOLE 1111.10. srA now No

ANIL 1

PAWL I

PAPEIE It

P AWS 11

C001 66

C00 II
CCM 1

1166.

piLOT 1.0

PPG Tella C.11

DC CET otrA

row.. crITCD1

60,0110 PPS CONTI*, C
GC" Aoo

CON /IC. 111.64

c4 AO, CAGE CCAILEA TOP

L/CHT Au! C ei II Orr

CAN 'CZ rouroa, NC

01111.11

IICC

OCC

OCC

00 WM 16
ICC 1P116 Si

SCC I/10 101

II C IPIES al

ICC 0464 WI

ICC IP4111

131.2 OVER VOLTAGE

It LA AEVESZ CL0EMT

et LET CAE 111111.11COKT

AELAT $11111541. Have&
TLC IN COP

IELAT PLC BIM CU MO CON

t1I1 MK LAT. CALTICEI III. 1.T.
101M /Ill NO I

Mill Abdul It C
' tog 0

tge

11.4

ION 6

10 le
PIO I

P1ll I

LUG OIl I 11..

1 VG 1110 II

;1,14 .1011

PLOG 100 G

LIK1 001 IS

LLIG CU11016 DM TEST
OELA 1.0

PLUG 1001

I PG Go I PICI COOT 11,101

1.111.4 $0/0

011110 DC AMMER@

IVITCI

eoreTtoo Or eau

TTTTT V

T610 BO

1001 106.

4
1601011

6647106

66E11111 /11

AN 111t.1

PAWL 11

PANEL I

AMIL It

£4141, It

sit LAI

ANIL rl
III I LS

III LEI

PANEL II

PUNIC II

1411111 11 tee ...WIN

tiAlAI/Iss / AAIL tit
16E1E131 It I

10.1. So fp

A011

./ Allot 1

Alo111

ANito I t

Q-ffl jul TIE IM 116155
APPIECELi IrrtcrIVIIT Or tat USTI Allcort

I wont 1O.110t tittell DENOTE LOCI@ COAL

0 I POI OM I Felt ClICPIT SIC
CAUTIO0 101190 INDICATIVE 14011, TEST SUITEN

0 ICH CONHOPCONNECTIOIIIIIC rut t 00PLI 111111011000t PUMPS
66666 1.0r. tut CC IOU OMR! tolIAitLOGI Alt OCCIIIS

MOTES

AM. MCI OTIS UST

1/ EG OnoCACL.1111105 .1110 SI IV* 00

if

ICOULATO DC 014ro.C.

41111LAM1
1200111.

111

ITLS

1k C. GlOollIATO 111115

WIC Tin dm
Art.1111 7111111 Art0 IllS
Artt Illt THAN INO

Mr CP...GE a TS

ANAls 1 le

01016 1 It

A11014 11

A1016 166

tll ILK
ill 6/1

1/1 101

10 U6

SO 10
Ill U1

00, 110

PE lit

Er 0 10%0
.0 111.

IIPA
0

All! 1111 Artt 101
01

pE S/1
leo

HE 10
it

Arl;110 Artt Mt 0

PA Ill
le

WE /11
PAP

Ar's tilt Art. lis.
3

PA I/1 Sao 111 IP

Alto 1116 PAT
OHL I DI

PA /St NE /II

Ar. 1116 PAO
0111.1 DI

IA 111 60 10

AT11,1111 PAO
do 1 Or

NA III HA ill

AIIII /Ill PIET
C1161 Or

NE 1/ I WA U.

APIs alio Al 0 1111 0
II

PA UE EA /0 EP

Al 11,110 AI," till
1. 010

EA 01 HE 10 is

A18 tIll P..1
P. 00 1 Al

HA 111 HE /41

El 0 011

Nal. /0
001
WA 111

001
nr

AIII 1111 AIL: 1111

PA SI I HE ill
6

010 Itill/ III.4
0.0

CIILCIll os

Ill

ILLI 01 6 I I

Foldout I. Part I Typical wiring diagram.

Part 11 Rcference item lisi3

vio



TI A.21
22

I3 _41,

NTS MAUI NO 3 $US 15 SISAICHI NO 3

XI

I I Zr..1....A11

12 A I 12

13

!GINNIATOR HO. I 1 I
LOAD 8US SUS DiNt MINIM

lAULI CuRI14I
IRANS/0104IIS

HI

NAL POMO Ut0.5111

VOLTPAITIR

Et=..
Cral)

TISOMUIlI
SYNC IT
',IASI A

VC/II/AMR
SYNC LIGHT

MASI A

.PARAUNING
SNICTOR

0

1

SYNC LICHT.
PHASE C

SWITCHID DC
SUS CIRCUIT

SR AAAAA /ANIL

28y
pc AllIO

PAT
UNII

284

0-1 GIN 3
Oi GIN 3

00 IUS Tit
IXT IWO

1
SWITCHID DC

SSUS
CIRCUIT

UAKIN PANIL

IP..40A y"

IAUX NIG I
I riOtAYCONNO

1

T.

tI i.:(1.;

L. _

IXI PWS

VLSI
CHI

t tXT PWR

S US III .
MAMIE
SWIICN

VOITtAtit I
5. SYNC LION!

O 11110 KIM

41§
GEN IAIGE

AIEUNE I...---

ITT Pvilt IMP

ClOTIPk4t i11PTh

GINTIAI011
SIttArtli
SWIICN

AUTO Iribr
PARALLIL* LCIRCU IUNIT I

GINDATOR I
CONINOL a

Hit
TRIP

Of f
CIOSI

GIN PANEL I
I. MAXIS IL

8ATTIRY CIRCUIT
IIRIARd PANTS

NOON

SHOINI
SWITCH

Foldout 2.

UNDt TSPIID
WHICH

AUTO
PAR

.0 '5 CONI
IIRAY

%..T"

!MI
SUTTON

r-"T-4-p
r- -r-

UNCHISPEID
INLAY

I c

OINIRATOR I
CONTROL
PANTS

r.

4 0, GtpitRAIORI

CLOSE

CONIROL
MAY

IIII0
FLASHING
$1515105

LOCKOUT
SLAY

VOTTAGt
INOICAIOR

MAY t exlar armor.

Multlengine generator system

383



el)
Lel.

ea
DISIIIIUTION

II Tr. TI
-1...:

12 A IA T2

81 AAAAA I

CIf.r.-
: A

1 7,E
la r zijA

CLOSE

1_

POWER
ON

L3 4 ! 4 T3

-------/71.----:

-A.' 4 )

TRIP

1

-L.r

DIM CONTROL

r-

INDICATOR
LIGHTS

21V DC
SW DC SUS

L...._;_is.
OPEN

(ST 17%1 I
IREAKIR I

is

N I NI
n1,10

T 1

T217

r.r.__
g , t
CLOSE i GENERATORi

, MAW

CallIT-411( I

TRIP

( t ORO
41

_

GEN RANA
CIRCUIT OPEN

I.

PANEL

POWER
MEIER

WS

N2

GENERATOR O I

117.!&..HI Il
m--,.... .. ..I

013-1A2 L11

II HI H 12 rr
52 31X3 XI

XI

41

VOLT
REG

_ 7
6 0 o 0 0 C 4i C

12_ SEM C/22 CII I 12 I I I A-A+

V"1
oth0

z..,.. 1I!
;:s8 !I

.;

Iz A

-- - -- --
ol

.a. --

-.)

.

4 KVARS

C(Ve

-
liiir, THERMAL

SWITCH NO I
IINE DOM

E X COI IVAITAI0 N
0I,A,

I

UNDiR
EXCITAT ON

tEtAt,

0 VOLTAGE
RELAY

70 AI 127 78. A /

..
......"-

..,
1

ovta D
VOLTAGE
RELAY

"1(1 I'

-.1...,
O-Lr

DIFFERINTIAl
FAUIT RELAYS

VOLTAGE
TRANSFORMER

38(1

11.1.N.N.NIND

1a-11.15 I

MUTUA
REACTOR

RNICSTIOIIILIMIER1I TR A

21 i 1 VOLT .1---"
41.

%).

-I -
C

Li
I

I

1

1

1

I

I:

I

I

t___.

VOLTAGII REGULATOR

cv

I A

IDEQUINCI AN() INS
DIVISION coNtaat

1

T2 PILAU I I Ts

Ty PHASE C 0

,

o
a

10
10

1110 7o
DISCRIm

o
3

0
5

GEN NO I
MOUE NCR AND

LOAD CONTROLLER

t
7 1

ili 3
14

00'
0

' MAGNETIC
AMPLIFIER.

i $

0
r,

-o,,

151 4 '

N.m.N.O.+M.mfa

F.

1

1

I

1

1

1

1

i

1

1

1

1

..

.1....

11 i 2

V 1

112

52 112
NIUTRAL LEAD
CAFIERENTIAL "or vw

PAULI CURRENT
TRANUONAERS

(

.........

I

L.__ J
CENLItAlOg NO.1
SPECD COY( IWO':

Foldout 2. MulticnOne generator system.

385



rt

01-S NO 03-5

NO 1 HO /

10 I1 l
LA

TI-i TO II-I TI-I TO T1-3

CI

3b6

NO

3 3v

03-4 TO 04-II

NO 1

03-C 10 04- -C

CI1

*0

07-1 TO 01-S

NO ? MO 4

?IV 331V

07-C TO 01-- C OUTPUT

8,

8
col

11

--11 III ; 1 NCte N411 OU'

37 3 v4C NFU!

Foldgut 3. Statio power inverter, aohematio diagrsm

387

(A)



,

e

i

p-

p

42351 02 21

WORKBOOK
AIRCRAFT ELECTRICAL REPAIRMAN

,

I

(we"-, II 61.V.-.-MPCANG AO 11-41P-7-)

vl
ftAvd 1,Z Ii

0.

1This workbook places the materials you need where you need them while you-.

are Studying.' In it, you wilP find the Study Reference Guide, the Chapter Review
., Exercises and their answers, and the Volume Review Exercise. You can easily

compare textual references with chapter exercise items without flipping pages
) back and forth in your text. You will not misplace any one of these essential

study materials. You will have a single reference pamphlet in the proper sequence
for learning. l

These -devices in your workbook are autoinstructional aids. They take the
place of the teacher' who would be directing your progress if you were in a
classroom. The workbook puts these self-teachers into one booklet. If you will

-. follow the study plan given in "Your Key to -Career Development,:: which is
in your course packet, you will be leading yourself by easily learned steps to
mastery of your text.

.

If you 'have any questions which you cannot answer by referring to "Your
,

Key to Career Development" or your course material, use ECI Form 17, "Student
Request for Assistante," identify yourself and your inquiry fully and send it to

t Ea.
Keep the rest of this workbook in your files. Do not return any other part

4 of it to Eq.
) ..,

r

gr.

EXTENSION COURSE iNSTITUTE

Air University

,



4'

TABLE OF CONTENTS

Study Reference Guide

Chapter Review Exercises

Answers to Chapter Review Exercises

Volume Review Exercise

Ea Form No. 17

.4

r ,



S774
STUDY REFERENCE GUIDE

1. Use this Guide as a Study Aid. It emphasizes all important study areas of this volume:

2. Use the Guide as you complete the Volume Review Exercise and for Review after Feedback
on the Results. After each item number on your VRE is a three digit. number in parenthesis.
That number corresponds to the Guide Number in this Study Reference Guide which shows you
where the answer to that VRE item can be found in the text. When answering the items in your
VRE, refer to the areas in the text indicated by these Guide Numbers. The VRE results will be
sent to 4,you on a postcard which will list the actual V RE items you missed. Go to your VRE
booklet and locate the Guide Number for each item missed. List these Guide Numbers. Then go
back to your textbook and carefully review the areas covered by these Guide Numbers. Review
the entire VRE again before you take the closed-book Course Examination.

3. Ilse the Guide fo-i Fojlow-up after you complete the Course Examination. The CE results will
be sent to you on a postcard, which will indicate "Satisfactory" or "Unsatisfactory" completion.
The card will list Guide Numbers relating to the questions missed. Locate these numbers in the
Guide and draw a line under the Guide Number, topic, and reference. Review these areas to
insure your mastery of the course.

Guide
Number Guide Numbers 200 throffgh 235

Guide
Number-

200 Introduction to Aircraft Batteries and Ser- 211

vicing Equipment; Lead-Acid Batteries:
General; Safety; Shop Operation, pages 1-6

201 Lead-Acid Batteries: Battery Charging
Capacity Testing; Maintenance,

pages 6-10

202 Nickel-Cadmium Batteries, pages 10-15

203 Silver-Zinc Batteries, pages 15-18

204 Introduction to Powei Systems Test Equip-
ment; DC Test Equipment, pages 19-22 0 215

205

206

207

208

209

DC Generator: General Maintenance Re-
quirements, pages 4247

212 DC Generator System CoArnents, pages
47-52

213 DC Generator System Operation;. pages
52-56

214 DC Generator System Troubleshooting:
General; Generator Lead Identification,
Generator Trouble Indications, pages 56-58

AC Test Equipment, pages 22-28

The T-170 Tester, page 28-33 216

The MC-2 Test Stand, pages 33-35
-mow

The A-1 Load Bank TeSter, pages 35-38

L-1A Inverter Stand; Component Testing,
pages 38-39

210 Introduction to DC Generator Systems; DC

1 Generator: General; Simple Generato?;
Generator Types and Field Distortion,
pages 40-42

1

11..

DC Generator System Troubleshooting:
Troubleshooting by Use of a Voltmeter
kiicl by Use of an Ohmmeter, pages 58-61

.DC Generator System Troubleshooting:
Schematics sand Wiring Diagrams, pages
61-63

217 Introduction to Transformer-Rectifier
Systems; Transformer-Rectifiers, pages

64-67

218 Transformer-Rectifier Testing, pages 67-69

219 T-R Power System and Maintenance, pages
69-70

39u
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Guide
Number

0 V
1 Guide

Number .,

220 ' Introduction to AC Generator Systems; AC
Generators: General; Generator Frequency;

Generator Load Frequencies; Paralleling
Requirements, Generator Rating, pages

227

71-74 228

221 AC Generators: Variable-Frequency Gener-
ators, pages 74-76

229

222 AC Gen era t ors : Constant-Fresuency
Generators; Maintenance Requirelments,

pages 76-80

i : 223 AC Generator Drive, pages 80-84 230

)

224 AC Generator Control System Com-
ponents: General; Frequency and Load

231

> Controller; Automatic Paralleling Unit, .

pages 84-87 232

225 AC Generator Control System Com- -

ponents: Mag-Amp Voltage Regulator; 233
Regulator Operation; Regulator Control,
pages 87-90

226 AC denerator Control System Com- 234
, -4,.., ponents: Amplifier Stages; Generator Con-

trol Panel, pages 90-92 235

,

i

,

/
391

Ac Generator System Operation and
Troubleshooting: General; AC Generator
System Operation, pages 92-95

AC Generator System Operation and
Troubleshooting: External Power System,
pages 95-98 i
AC Generator System Operation and

Troubleshooting: Generator System
r Troubleshooting;Steps in Becoming a Master
1 Electrician; Typical Problem; Trouble

Analysis, pages 98-101

Introduction to ,Idotors and Inverters; DC
Motors, pages 102-106

AC Motors: *General; Universal Motors;
Induction Motors, pages 106-109

AC Motdrs:" Single-Phased Motors, pages
109-111

AC Motors: Two-Phase Motors; Three-
Phase Motors; nchronous Motors, pages
111-113 .

Rotary Inyerters, pages 113-117

Static Inverters, pages 117-123
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CHAPTER REVIEW EXERCISES 376
N

. , i

.
The following ccercises are study aids. Write your answers in pencil in the space provided after each

exercise. Immediately after completing each set of exertises, check your responses against the answers for
that set. Do not submit pour answers to ECI for grading.

is

CHAPTER 1

Objectives. To gain the knowledge needed to solve problems Tequiring the inspection and servicing of
lead-acid and alkaline.batteries. To be able to explain correct procedures for performing the required
inspestion and.servicing on these batteries and also to explain the proper procedures aptrsafety precautions
to be observed in the maintenance of batteries, servicing, and charging equipment.

I. , When handling or mixing electrolyte, what safety precautions should be observed? (1-6)
,

......--

1

2. Why should a deluge shower and eye wash be installed in a battery shop? (1-6,7)

1

3. What gas is produced when charging batteries? What hazards does it creaee? (1-8)

4 What is the open circuit voltage of'a lead-acid cell? (1-10),

. --

5. Explain the term "specific gravity." (1-13)

\

V

I

r

-

3
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6. What is the propel way to mix electrplyte used in lead-acid batteries? (1-15I

7. What should be the specific gravity of a fully charged lead-acid cell? (1.17)

8. When should a hydrometer test be taken of a lead-acid cell? (1-19)

9. What is used to neutralize spilled battery acid? (1-22) .

10. How is the correct level ofelectroiyte established in a lead-acid cell? (1-24)

11. What is the constant-current charging method? (1-27)

3 7 7

12. What determines the charging current in.a string ofbatterieltonnected in series? (1-31)

3 9 j

4
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13. What is the constant-potential mithod of cha&ing 6atteries? (1-34)

4

14. What can cause the apparent rapid boiling of the electrolyte while charging batteries? (1-37)

15. at is the purpose of capacity testing a lead-acid battery? (1-42) .

..

16. How is a lead-acid b'attery charged prior to performing a capacity test? (l-42)

1

17. What happens to a lead-acid baitery that fails the capacity test? (1-45)

,\

18. What is used to neutralize the electrolyte used in nickel-cadmium batteries? (2-4)

t
. ..,

4

r
19. Why are lead-acid batteries isolated from alkaliriebatteries? (2-7)

.1
a

I.

d t

1

'

5 *
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20. What is the proper electrolyte levehn nickel-cadmium batteries? (2-10)

s.

21. How is the state of charge of nickel-cadmium batteries determined?(2712)

WhaLmethods can be used to charge nickel-cadmium batteries?.(2-15)

23.,. What are the three functions of the charger/analyzer? (2-19)

14, What is the lead-acid battery test that serves the same, function as the discharger section in the

charger/analyzer? (2-21)

25. What wrench is necessary to perforrn work on nickel-cadmium batteries9 (2.23)

126. What is the pro-cedure for the installation of a new cell in a nickel-cadmium battery? (2-25)

393
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27. What is the electrolyte solution used in alkaline batteries? (2-9, 3-4)

28. How is the electrolyte level determine& in the silver-zinc battery? (3-7)

29., What does the term "soaking period" mean as applied to a silver-zinc battery? (3-8)

N

30. How is the state of charge of a silver-zinc battery determiried? (3-10)

31. What is formation charging7 (3-13)

32. What is the recommended method of charging silver-zinc batteries'? (3-17)

MN.

CHAFFER 2

Objective: To acquire a workinglnowledge and understanding of aircraft power systems test equipment.

I. What is the purpose of the lo &bank on the A-2 generator stest stand? (4-4)

7

3.96

4
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2. What is the purpose of the 0- to 10-amp rheostat located on the panel of the dc generator test

stand? (4-10) t

-

H

3. Why must the A-2 generator tesistand be modified? (4-15)

-

,
4. Who is responsible for maintaining the A-2 generator test stand? (4-17)

5. What is the function of the 1.1dc test set? (4-20)

,

6. Why is it possible to bench check a generator control panel without acces's to the internal components?

(4-20)

O'
I

7. What maintenance cin be performed on the:I-31 test set by shoppersonnel? (4-22)

e.'' What is the purpose of th\T-3.5 tester? (5-2) l

397
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9. What is the purpose ot' the ac electronic generator in the T-35 tester? (54)

10. What is the purpose of the power amplifier in the T-35 tester? (5-5)

11. What power is required to operate the T-35 tester? (5-10)

12. What is the purpose of the feeilback circuit used in the power amplifier? (5-14)

-t,

13 In the dc power supply metering and control unit how is relay contact operation indicated? (5-17)

14. . Of the two testers.1-35 and T-170, which one is capable of handling a greater load? (6-3)

15. What are the component parts of the'T-170 tester? (6-4)

0.
9
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16. What is the purpose of the fixed 400 and 160011z output of the T-I 70 test set? (6-5)..

(

17. What is the programmer and relay control center used for on T-170 test set? (6-9)

18. How is the operation of the control& power supplies controlled? (6-13)

1,

19. What components make up the digital instrumentation system of the T-170 test set? (6-15)

20. The power amplifying section of the power amplifiers is a push pull configuration using two power

triode tubes. When the power output demands of the tubes are above 60 watts, in what class are

the tubes operated? (6-24) .\c

21. How is the 1-170 test set programmed? (6-27, 28)
A ' *

.

22. What is the purpose of the recorder unit used by the T-170 tester? (6-32)

'

,. )
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23. What is the purpose of the MC-2 test stand? (7-1) .

24. How is the start Rhine mover disengaged when the main prime mover is started? (7-3)

25. What is the purpose of the hrTt switches used with both the start and main prime mover', (7-5)

26. If the hydrauhc oil in the reservoir becomes too hot, what will happen to the MC-2 test stand? (7-6)

27 What is the purpose of adapter kits used with the MC-2 test stand? (7-8)

28 What is the function of the A-1 load bank tester? (8-1)

29, What is the source of power for operating thc41 load bank? (8-2)

30. What is the total reactive load the.A-1 load Iconk can provide? (8-3)

11
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31. / What is the tutal resistive load provided by the A-I load bank? (8-4)
_

/
oa

32. How are the ammeter and wattmeter on the A1 load bank protected from overload' (8-6. 8-7)

(
33. What is the purpose of the thermostat'switch on the A-I load bank? (8-10)

34. What are the basic requirements for testing an inverter? (9-2)
^ -

35. What are tte poweriequirements for the L-I A mverter tester? (9-3)

t.

36. To obtain voltage and current reading while testing a single phase inverter, what position should the

vats/amps switch be in? (9-5)

N.

,.

37. What is the greatest single factor to consider when a system malfunction is reported'' (10-2)

\

\

12
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38. What determines the test requirement of any system component? (10-3)

CHAPTER 3

Objective. To gain a background knowledge of the operation, troubleshooting, testing, repair, inspection,
and maintenance of an-aircraft single and multigenerator dc power system.

I. What is a generator? (11-1)

2. If you have a magnetic field and a conductor, what else is needed to induce a voltage in the conductor?
(11.2 )

3. What component in the generator contains the secondary circuit? (11-4)

4. What component of the generator transforms the generated ac into dc? (11-4)

5. What is a self.excited generator? (11.6)

6. Name the types of generatOrs when they are classified according to the relationship of the armature
to the field windings. (11.7)

13
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7. What preyents the use of the series-wound generator on aircraft? (11-8)

...

c

8. .What type generator has its field-coils connected in parallel with the armature? (11-9)

l

9. In a compound-wound generator what is die relationship of the field coils to the !cad? (11-11)

1

10. What is armature reactance? (11-13)

I I. What are the four ways of taking care of the emf of self-induction and armature reaction? (11-14-1.7)

12. How are the interpole windings connected in relation to the armature? (11-14)

)

13. What is the action of the slotted pole pieces? (11-15)

1

14
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14. What is the action of the laminated pole tips? (11-16)
.. .

15. How are the compensating windings connected in relation to the generator armature? (11-17)

,

-Nek.

16. What color is a normally operating commutator? (11-22)

17. What are the effects of incorrect brush spring pressure? (11-23)

18 What is the minimum contact surface on a properly seated brush? (11-27)

119.
What is most commonly used for seating generator brushes? (11-29)

4 ,
20. What is the indication of a grounded armature? (11-30)

,

15
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21. In the growler test, what does a buzzing hacksaw blade indicate? (1 1-33)

22. When making a generator field test, what indicatei a grounded circuit? (11-35)

23. What indication does an open armature give in the growler test? (11-36)

24. What is the purpose of the voltage regulator? (124)

25. What is the most common method used to control the current in the field coils? (12-4)

4

,.

26. What hapi\Nns to current flow through the field coils if carbon stack resistance is lowered? (12-7)

/-,_
27. What is the effective range for which the carbon-pile voltage regulators can be adjusted? (12-11)

,

4 o 5
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28 What is th; purpose of the stabilizing resistor circuit? (12-13) r
-

'29. Why must a regulator be allowed to warm up before it is adjusted? (12-15)

e

,

30. Why is the RCR referred to as a differential relay? (12-19)
1

V

4

,

31 0

,

J
31. What are some Of the functions of the RCR? (12-19)

,

32. What other unit operates simultaneously with the overvoltage relay? (12-23)

-\
33. Name the two relays that are inside the field control relay. (12-24)

\

34. Name the essential units in a single-generator control system. (13-4)

/

4,

-
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35. What is the purpose of initial power on the generator system? (13-7)

ft,

36. What controls the current flow in the field circuit? (13-10)

37. How may the M-2 field control relay be.reiet? (13-11)

38. What approximate voltage will cause the overvoltage relay to close? (13-12)

39. What is responsible for the neration of the equalizer circuit? (13-16)

40. If two generators are not dividing the load properly, what would you do first? (13-19)

41. What should be the first check of the generator system if the cockpit voltmeter read zero volts?

(14-9)

r-
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4 42. What would,be the cockpit voltmeter reading if the "B finger of the regulator base were not making

, contact with the "B" prong tri the voltage regulator? (14-10)

,

/
Directions (Exercises 43-54 The voltmeter readings in CRE -table 1 were taken from the circuit shown in

figure 44 with the ?'egulatpr installed andihe engine running at cruising speed. The ohmmeter readings

were-taken with the engine stopped and the regulator removed and the generator switch in the OFF

position. Determine the nature and location of the trouble as accurately as possible. (14-28)
,

I

Cockpit
"A" to "B" on

Voltmeter
the generator

Exercise (volts) "B" toGnd "A" to Gnd "A" to
.c
"13" (leads removed) Ref

,

43 2 .5 in finny infinity 3.5 It 14-28

44 2 .5 infinity infinity infinity 14-28

1,

45 2 infinity 3 infinity 14-28

46 8 .5 30 30.5 3.5 14-28 f

47 0 0 3 3 3.5 14-28I.
48 1 .5 0 .5 .5 14-28

49 0 infinity 3 infinity 3 5 14-28
i

50 0 infinity infinity, 3.5 3.5 14-28

51 0 .5 3 3.5 3.5 14-28

52 30+ .5 .5 0 0 14-28

-,

r
CRE Table 1

TROUBLESHOOTING INFORMATION OHMMETER READINGS AT REGULATOR BASE

.,....0

,
19

.4

,

4 0 6



3 3
CHAPTER 4

Objective: To gain the knowledge required to identify and explain the steps andprocedures in the

operation, troubleshooting, and maintenance of transformer rectifier power Syiilms. This includes the

special T-R units used in airc6ft battery charging systems.

1. ,What is the difference between a 50-ampere output rectifier type TR unit and one rated at 100

amperes? (15-3)

2. Why is the four operations of a T-R unit critical? (15-4)

3. How is the static T-R unit cooled? (15-7)

4. In the battery charging T-R unit, what happens to the output voltage when the load is increased?

(15-9)

5. What are the minimum and maximum output voltages for the static TR unit? (16-5)
Al**
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:. o. What should the output voltage of the battery charging T-R unit be when it is connected to a 39 4

10-amperel9ad? (CRE Table2)

'

Load (Amperes) Output Voltage (D-C)

0 27.8 to 28.8

. 4 28.9 to 29.7

10 28.2 to 30.9

25 .

, 26.5 to 29.8

,

CRE Table 2
o

CHARGER T-R TEST VOLDAGES

_

7. Using figure 49, is it -possible for the bus tie relay to b come ener
remains intact? (17-2-6; Fig. 49)

if current limiter Nr. I

8. Accorchng to figure 49, when does the bus tie relay become energized? (17-2-6: Fig. 49)

,

9. What two conditions must be met before battery power can be applied to an essential bus?

(17-2.6; Fig. 50)
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CHAPTER 5

Objective. To demonstrate a knowledge of aircraft ac power systems and how they operate, and show an

ability to analyze system malfunctions.

I. What is the frequency of a generator output when the rotor has 6 poles and is turning at 380 rpm?

(18-5)

A

2. What types of loads are connected to a constantfrequency generator? (18-8)

o

...

3. Whet effect does real load (kw) have on the generator rotor? (18-13)

4. What determines the generator's ability to carry reactive load? (18-15)
%.,

Ot

5. What type of ac generator can be operated in parallel? (18-19)

1. .

-......,

6. What conditions must be satisfied before generators can be operated in parallel? (18-19)

s
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7. Why are generators operated in parallel? (18-19)
F.

8. How are ac generators rated? (18-24)

9. What is the purpose of the "squirTel cage" winding in the starter of a variable-frequency ac
generator? (18-27)

10. What type of load can be connected to a variable-frequency generator? (18-34)

11. What are the two different types of ac generators in general use in the Air Force? (18-38)

12. What is the purpose of the permanent magnet generator? (18-34)

13. How are brushless generators cooled? (18-46)

23
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14. How is the speed of a constant-frequency generator controlled? (18-56)
:

15. When is a drive considered to be in an und
.

I.
,

16. In what condition is the drive when the pump wobbler assumes a positive angle? A negative angle?

(19-7, 8) (

A%

17. When is a drive considered to be in an overdrive conditiorat 19-8)

18. When is a drive considered to be in a straight-through condition? (19-9)
..

. 19. What are the functions:of the drive governor system? (19-11)

sl'

(
4

20. What is the basic generator frequency established by the "basic speed governor" of a 40 kva CSD?

(19-14) .

413



21. What two means are provided to adjust a basic speed governor to maintain the generatorfrequenc

at 400 Hz? (19-15 and 16)

22. What are the functions of a limit governor? (19-18)

23. What is-the purpose of the over-running clutch? (19-22)

24. What is the key component in controlling kw load division? (20-3)

25. What is the purpose of the frequency-and-load controller during isolated generatoroperation? During

parallel operation? (20-3, 4)

26. How is the amount of load on a generator sensed? (20-4).

27. On the CSD, where are the frequency-control signals applied? (20-4) .
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28. What is the purpose of the frequency-discriminator circuit in the 40-kva frequency -and-load

controller? (20-7) ,

4

29. On what principle does a magnetic-amplifier voltage regulator operate? (20-12)

30. What is meant by the term "generator error?" (20-13)
(

r

1

4

31. What is the main purpose of the second-stage output of the magnetic amplifier? (20-14)
wt i

32. Why is a feedback circuit used in the.first stage of a magnetic amplifier voltage regulator? (20-15)

\

3 . What is the key ciimponent in cOntrolling kvar load division? (20-19)

,

Mks

34. What will result if the boost current transformer (used with the magnetic amplifier voltage regulator)
connected to the voltage regulatOr were reversed? (20-25)

4 ./
4 1 5
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35. What unit is used to open and close the exciter field of a generator? (20-34)

6. What component is used to prevent generator cycling during a fault condition? (20-36)

4,

37. What system component detects generator undervoltage during parallel operation? (20-40)

38. What circuit is used to protect against excessive reactive current flow in the generators or reactive
unbalance in the distribution system? (20-40)

39. Under what conditions does the 0E-UE loop circuit function? (20-42)

40. What is the purpOgt!.taf a bus tie breaker? (21-5)

41 When the generator control relay closes, what circuit functions take place? (21.7)

27
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42. In a CSC-driven generator system how is the generator breaker closed? (21-8)

43. During manual paralleling of the generator how are the bus tie and generator breakers positioned''
(21-10)

44. At engine shutdown how is the generator breaker opened? (21-13)

45. The main external porer receptacle discussed in the text provides for what two components? (21-20)

46. When is the main external power lockout relay energized? (21-24)

,

,

47. What relay in the external power system will prevent ac power with the wrong phase sequence being
connected to the aircraft bus? (21-27)

. 1

48. How is the disarm relay circuit completed during load bank operation? (21-31)

we
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49. List the logical steps required to identify and remedy system malfunctions. (21-36)

50. How do you identify a problem? (21-39)

51. Why is it helpful to write down the possible causes of a malfunction when troubleshooting? (21-40) .

52. When repairing an electrical system, before you make a costly replacement, how can you prove your
conclusions are correct? (21-44)

53. What are the most common causes of frequency troubles? (21-51)

54. What are the voltage output indications of an ac generator if the generator drive is locked in under-
drive?.(21-54)

55. What voltage indication will be caused by exciter-generator brushes worn beyond acceptable limits?
(21-54)
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418



- 0
56. What will cause low bus voltage when two or more generators are operating in parallel? (21.55)

57. What would cause the output of a generator controlled by a magnetic amplifier regulator to cycle

between 100 and 200 volts? (21-55)

s

s

58. What is the most probable cause of high generator voltage output? (21-56)
-

,

CHAPTER 6

Objective: To gain a knowledge and understanding of aircraft dc and ac motors and rotary and static
..-

inverters. "*"

1. What is motor action? (22-3, 4)

2. What are the factors that control torque? (22-5)

-

3. Explain the presence of CEMF in a dc motor. (22-6-8)

#
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4. Explain the internal connections in a series motor. (22-10)

5. Which type motor has the best speed control? (2 -14)

6. Why would a cummulative compound be a good motor to drive the ac generatorsection of an inverter9

(22-15.17)

7. What s the one factor that must be considered in the design of a continuous duty motor that limits

the intermittent duty motor to short runs? (22-18)

4.

8. *he shunt section of a cummulative compound motor is controlling the speed of the shaft. If a

variable resistor is placed in series with the shunt field, what are the effects of motor speed if current

increases or decreases in the resistor? (22-23; 24)

9. Why* is the split field the most easily reversed dc motor? (22.27-29)

10. Into what three classes are induction motors divided? (23-1)
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11. What drermines the speed of an induction motor? (23-4) e.

1

12. What is the advantage of a wire wound rotor? (23-7)

,

,

13: What type o1r is used in induction motors? (23-5, 8)

14. What is the principle of operation for an induction motor? (23-9)

, A

-

'-r-, 15. Explain how slip becomes present in an induction motor. (23-11)
.

4

16. What is the synchronous speed a an induction motor? (23-12)

I

k
.

17. What itxiliary means may be used to start a single-phase Induction motor? (23-16)

..
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18. How does a capacitor help a single-phase induction motor to be self starting? (23-21)

#

19. When a starting winding is used only to start the motor, how is it removed from the circuit? (23-23)

4. 20. How is a three-phase induction motdr reversed? (23-33)

s

)

21. How many phases are necessary for a three-phase motor to run? (23-34)

11.

will

...

What is synchronous speed and why are synchronous motors constant speed? (23-34, 36)

:

,

23. Name the two units that Ake up a rotary inverter: (24- I)

p

24 What is the output frequency range for inverters? (24-3)

ir

,

, (
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25. Why do all rotary inverters take dc power from the motor terminals for the excitation kit the field

instead of using sale of the generated voltage and converting it to direct current' (24- (4)

26. In an inverter system that has both a main and alternate inverter what component will automatically
put the alternate inverter on the load bus if the main inverter (24-23)

27. What are the six basic circuits that make up the static inverter? (25-2)

28. What is the purpose of the oscillator circuit? (25-3)

29. What two signals are applied to the voltage divider circuit? (25-4)

30. What circuit detects a change in the inverter output voltage? (25-8)

31. What circuits combine to form a degenerative feedback circuit? (25-11)

34
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32. What is the prominent characteristic of the output wave shape of the voltage divider circuit? (25-12)

.. \

33. How will an increase in the inverter output effect the output signal from the voltage driver circuit?
.,

(25-18)
.t...

34. How will an increase in the input pulse width effect the magnitude in the output signal from the

invert er? (25-19)

.

,
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ANSWERS FOR CHAPTER REVIEW EXERCISES

CHAPTER 1

..

#0 r

1. You should wear goggles or face shield, rubber apron, rubber gloves, rubber boop, and know how to
reach fresh water. (1-6) 4 .

2. To be used in case electrolyte is accidently splashed or spilled on you. (1-6, 7)
-

3. Hydrogen gas which is highly flammable and can explode: (1-8)

4. 2.2 volts. (1-10)
.:

5. The comparative weight of a liquid with respect to an equal volume of water. (1-13)

6. The sulphuric acid should allys be poured into.the water. (1-15)

7. Approximately 1.275. (1-17)

8. before adding water to the cell. (1-19)
_

9. Baking soda. (1,22)
0

10. A small hole is drilled in the stem of a syringe. Then, when the fluid level is lowered to the edge of the
hole and the syringe is bottomed on the plates, the level will becorrect. (1-24)

11. Current is maintained at a predetermined level throughout the entire period of 4harge. (1-27)

12. Charging current is determined by the ampere-hour capacity of the smallest capa ity battery in
the string. (1-31)

13. The voltage is maintained at a predetermined level througthout the entire period of charge. (1-34)

14. Boiling will occur when the battery is overcharged or has been charging at an excessive rate. (1.37)

15. To determine the battery's terminal voltage and state of wear. (1-42)

16. The battery is brought to a full chargeand then overcharged for 2 additional hours. (1-42)

17. The battery is either condemned or painted yellow and stenciled for ground use only (1.45)

18. Boric acid. (24)

19'. Acid will neutralize thialkaline solution which, in turn, will ruin the batteries. (2-7)

20. The electrolyte should be even with the top of the plates. (2-10)

21. State of charge is determined by the amount of current the battery shows when connected to a
constant potential charging bus. (2-12)

22. Nickel-cadmium batteries can be charged by the constant-potential method, constant-current method,

or by a charged analyzer. (2-15)

23. The charger/analyzer charges, discharges and analyzes batteries. (249)

24. Capacity test. (2-21)

25. Torque wrench. (2-23)

26. a. Be sure that it is completely discharged.
ix Coat the sides of the cell with vasoline.
C. Connect cells with connectors provided.
cl. Torque connecting bolts. (2-25)

\
36

4,25

\

I

,

4..



27. The electrolYte is a solution of potassium hydroxide and distilled water. (2-9, 3-4)
. .

28. The cells are filled with a measured amount of electrolyte and do not require additional servicing in

their lifetime. (3-7)

29. The baltery must stand for 72 hours after servicing. (3-8)

.30. The state of charge is determined by measuring the open-circuit voltage of each cell. (3-10)

31. It is a process of charging and discharging silver-zinc batteries in a controlled sequence tocondition the

battery. (3-13)

32. 'The constant-current method. (3-17)

CHAPTER 2

I. The load bank is used to provide a load for the generator under test. (4-4)

2. The purpose of the 0- to 10-amps rheostate is to control generator output voltage. (4-10)

3. The modified test stand would enable you to test (bench check) all generator system components.
(4-15)

4. Electric shop personnel are responsible for maintenance of the A-2 generator test stand. (4-17)

5. Th-e T-31 -tic test set- ProV-idei a fait, uniform method of testing and adjuSting&tenerattir control
panels. (4-20)

6. All indications of proper-relay operation are visible on the tester by means of lamps and meters. (4-20)

7. Repair of the T-31 tester is !incited to repair of electrical circuit malfunctions. (4-22)

8. To test and adjust ac generator control and protection panels not containing transistors. (5-2)

9. To supply a three-phase and a single-phase low voltage with a manually adjusted frequency ,(5-4)

10. To amplify the low voltage produced by the ac generator. (5-5)

11. Power required to operate the 1-35 tester' in 115 volts ac, 60 Hz, single-phase. (5-10)

12. The purpose of the feedback circuit in the power amplifier is to stabilize the gain of the amplifier

and reduce distortion in the output-signal. (5-14)

137 ReTay contact operatirm of A- unirundergoing-testis-mclicated by-lamps. (-5-13)

14. The T-170 tester. (6-3)

15. The 1-170 test set consists of the following units. ac electronic generator, power amplifiers, amplifier

power supplies, power distribution unit, programmer and relay-control center, card switch, voltage-control

unit, control dc power supplies, indicator unit, recorder unit, and digital Instrumentation system. (64)

16. The purpose of the fixed 400 and 1600 Hz output is to simulate ac system with permanent magnet
generators (1600 Hz) and making simulated generator paralleling tests (400 Hz). (6-5)

17 The programmer and relay control center provides a means for applying test signals to units undergoing

test. (6-9)

18. The control dc power supplies are controlled by the card switch. (6-13)

19. The component parts of the digital instrumentation system are; (1) a five digit electronic counter,
and (2) a converter, voltage to frequency,. (6-15)
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20. With an output power above 60 watts the tubes are operated in class AB. Below 60 watts then are

pperated in class A. (6-24)
*.

21. The tester is programmed through the card switch, and programmer and relay control center. (6-27, 28)

22. The recorder unit of the1-170 tester is used to record the outputs of a frequency and load controller

under transient test. (6-32)

23. The MC.2 test stand is used to field-testing constantspeed transmissions, their 400 cps ac components
and certain ac generators. (7-1)

24. The start prune mover is disengaged'automatically by a magnetic clutch when the main prime mover

is started. (7-3)

25. The limit switches used on both the start and main prime mover are used to control their high and low

speed limits. (7-5)

26. When the hydraulic oil in the reservoir becomes too hot, a temperature controller, on the center panel

will shut down the test stand. (7-6)

27. The purpose of the adapter kits is to adapt the test stand to various aircraft systems. (7-8)

28. To apply either resistive loads Or reactive loads to 120-208 volt, 400-cps, three-phase ac generator

systems under test. (8-1)

29. The entire electrical power required to operate the A'1 load bank is provided by the generator under

test and no external source of power is required. (8-2)

30. The A-1 load bank provides a total reactive load of 40 KVAR with a maximumof 13.3 KVAR per

'phase. (8-3) -

31. The A-I load bank provides a total resistive load of 60 kw with a maximum of 20 kw per phase. (8-4)

32. The ammeter and wattmeter on the A-1 load bank are protected from overload by shorting out their
respective circuits. Their range switches must be placed in the maximum range position before their

shorting circuits are removed. (8-6, 8-7)

To short out the thermostats when the temperature fluctuates and cause the 'fans to operate continuously

(8-10)
51.

34: The basic requirements for testing an inverter are accomplished by measuring the input voltage and

current and the output voltage, current, and frequency. (9-2)

35. The L- 1 A inverter tester requires a 5 kw dc voltage source. (9-3)

36. The volts/ampS'switch should be in the N position. (9-5)

37. Malfunction in component operation. (10-2)

38. The function or functions that the component is required to perform when installed in a complete

system. (10-3)

CHAPTER 3

I. A generator is a machine that changes mechanical energy to electrical energy through electromagnetic

induction. (11-1)

2. Relative motion is the ihird factor needed. (11-2)

3. The armature C'ontains the secondary circuit. (11-4)
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4. The commutator changes ac to dc which is deJivered to the generator terminals. (11-4)

5. A self-extited generator is one that pMvides its own excitinicurrent by the use of residual magnetism.

(11-6) .

6. Three types of generators according to aimature and field relationship are series-wound, shunt-wound.

and compound-wound. (11-7)

7. It has a fluctuating voltage output. (11-8)

8. The shunt-wound generator has its field coils connected in parallel with,the armature. (11-9)
4

9. The series field is in series with the load and the shunt field is parallel to the load. (I I-11)

10. Armature reactance is the bending and distorting of the normal flux pattern within the generator as

a result of the effect of the armature magnetic field on the magnetic field produced by the generator
..

field coils. (11-13)

II. Four means of counteracting field distortion are the use of interpoles, slotted pole pieces, laminated

pole tips, and compensating windings. (11-14-17)

12. The interpole windings are connected in series with the armature. (11-14)

13. The slotted pole pieces Increase thalirluctance of the magnetic circuit for the armature magnetic

field. (11-15)

14. The laminated pole tips prevent the concentration of magnetic flux at the pole tips."(II-16)

15. The compensating windings are connected in series with the armature. ( 11-17)

16. A normally operating commutator is chocolate brown. (11-22)
.

17. Too much pressure causes excessive brush wear and too little pressure results in jumping brushes,

poor output, and the possibility of burning the commutator. (11-23)

18. A properly seated brush will have a minimum of 100 percent contact across the thickness and 70

percent contact across the width of the brush. (11-27)

19. New brushes can be seated by using a strip of Nr. 000 or N. 0000 sandpaper the width of the commutator

( I 1-29)

20 The test light will light when connected between the commutator and the armature shaft (11-30)

21. It indicates a short circuit in the armature or the commutator. (11-33)
I.

22. The test lamp will light if there is a grounded circuit. (11-35)

13. No spark when two adjacent commutator segments are shorted together ( 11-36)

24. The regulator maintains a constant output voltage under varying load conditions (12-4)

25. The most common method is a carbon-pile type rep. ter. (12-4)

26. Current flow through the field coils would Increase. (12-7)

27. Effective range of regulation is 26 to 30 volts. (12-11)

28. The stabilizing resistor cirduit prevents arcing between the discs of the carbon pile. (12-13)

29. Any component should be at its normal operating temperature before adjustments are made ( 12-15)

30. Because the RCR operates on the difference between generator and bus voltage. (12-19)
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31. The reverse-current relay operates as a remotely controlled switch to provide control over the system,

and it will automatically open and close the generator output circuit to the bus as the voltage output

of-the generator varies. (12-21)

32. The M-2 field control relay opens along with the overvoltage relay. (12.23)

33. The trip relay and the reset relay are located in the field control relay. (12-24)

34. The essential units are the RCR, the voltage regulator, the overvoltage relay, and the field control

relay. (13-4)

35. Initial power provides trip power in the event of an overvoltage condition, and applies a positive dc

potential to the generator field. (13-7)

36. Field current flow is controlled bY the carbon stack of the voltage regulator. (13-10)

37. The M-2 field control may be reset by the generator switch or manually by a reset button on the relay

itself. (13-11)

38. The overvoltage relay closes at approximately 32.5 volti. (13-12)

39. The equalizer circuit operates if there is a difference in potential between D Terminals. (13-16)

40. First you should lower the voltage of the generator providing the greatest amount of current flow.

(13-19)

41. 3eck the system with another voltmeter to determine if the cockpit voltmeter is correct in us

zero reading. (14-9)

42. The cockpit voltmeter would read residual voltage. (14-10)

43. Lead "a" is open. (14-28)

44. The generator field is open. (14-28)

45. There Is an open in "b" lead. (14-28)

46. Lead "a" has a loose connection or high resistance. (14-28)

47. Lead "B" or "b" is grounded. (14-28)

48. The fi-eldstrorted-orgroundedinside-of-the generator(14-28)

49. There is an open in "B" lead. (14-28)

50. Lead "E" is open. (14-28)

51. Defective switch or voltmeter circuit. (14-28)

52. Leads "A" and "B" are shorted inside of the generator. (14-28)

CHAPTER 4

I. The transformer in the 50-ainpere unit has a delta connected secondary, and the 100-ampere unit

has a wye.delta connected secondary. (15-3)

2. The T-R unit would fair in a short time without coohng air flowing over the T-R stack. (15-4)

3. It is cooled by convection. (15-7)

4 The output voltage increases. (15-9)

5. Not less than 26 volts nor higher than 31 volts. (16-5)

_ 4.
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6. Output should be between 28.2 and.30.9 volts. (CRE Table 2)

7. Yes; If only one T-R starts, the bus tie relay becomes energized through the contacts of the deenergized

T-R relay. (17-2-6; Fig. 49)

8. When either of the T-R relays is in the deenergized position and power is available to energize the

relay. (17-2-6; Fig..49)
<-

9. The battery switch must be turned on, and there must be ncipower present at the T-R bus. (17-2-6;

1 Fig. 50)

CHAPTER 5

I. 19 Hz f =
3 X 380 1140-- 19 Hz. (18-5)

60 60

24 Reactive (kvar) and real (kw) loads. (18-8)

3. The mechanical lag makes it tend to slow down. (18-13)

4. Voltage regulator. (18-15)

5. Constant-frequency generator. ( I 8-19)

6. Generators must be of the same design; termhul voltages must be equal; frequency must be equal;

-voltages must be in phase; and phase rotation must be alike. (18-19)

7. To Improve the reliability and power capabilities of the system. (18-19)

8. AC genera tors are rated in kva's at a specified frequency and power factor. (18-24)

9.- They provide an even distribution of the field flux. (18-27)

10. Only kw (real loads) can be connected to a variable frequency generator. (18-34) ,

11. The two types of ac generators in general use are the brush type and the brushless type, either of which

may be air cooled or oil cooled. (18-38)

12. It provides excitation for the exciter field, power to operate the genera tcr, and a source of power

for the voltage regulator. (18-43)

13. With blast air or engine oil under pressure. (18-46)

14. By a constant-speed drive unit. (18-56)

15. When the input speed to the drive is greater than the required output speed. (19-7)

16. Overdrive. Underdrive. (19-7, 8)
,.

17. When the input speed to the drive is less than the required output speed. (19-8) . ,

18. When the Input speed to the drive is the same as the required output speed. (19-9)

19. To control the drive output speed and thereby the generator frequency, and to equalize the load

between paralleled generators. (19-11) s

20. 395 Hertz per second. (19.14)

21. Mechanically by a priNei frequency-control motor geared to the metering piston; and magnetically,

by trim coils soldered to thl flyweights. In both cases, the signals are furnished by the.frequency-

and-load controller unit. (19-15, 16)

A,
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22. The limit governor places the drive in a full underdrive condition and removes the affected generator
from service in case of an underspeeclor overspeed condition. (19-18)

23. To prevent an overrunni4 or motorized generator from damaging the drive. (19-22)

24. The frequency-and-load controllei. (20-3)

25. During isolated generator ofaeration,,the frequency-and:load controller maintains constant generator
frequency. During parallel operation, the frequency-and-load controller performs the additional
function of maintaining an equal real-load division between generators. (20-3, 4)

26. By a network of current transformers. (20-4)

27. To the frequency control on the drive. (20-4) .
28. It senses the phase angle between the reference frequency and the generator frequency and provichn a

proportional signal. (20-7)

29. On the principle of a saturable reactor. (20-12)

30.. "Generator error" is the resultant value of magnetic flux of the reference signal and the sensing
signal and is used to control the first-stage output of a mag-amp voltage regulator. (20-13)

31. It is the power stage to the exciter field. (20-14)

32. To oppose any change in exciter output voltage due to transient load conditions. (20-15)

33. The voltage regulator. (20-1)

34. There will be a decreasing system voltage as load is applied to the generator. (20-25)

35. The geherator control felay. (20-34)

36. The lockout relay. (20-36)
,. )

37. The underexcitation relay. (20-40)

38. The overexcitation-underexcitation circuit. (20-40)

39. The OE-UE loop circuit functions only when the generators are paralleled together. (20-42)

40. The bus tie breakers connect the load buses to the synchronizing bus. (21-5)

41. When the generator control relay_closes, the exciter field circuit is established, control power is
connected to the generator breaker switch when the drive is up to speed, the generator failure light

is turned off, and the relay trip coil circuit is armed. (21-7)

42. By placing the generator breaker svitch closed, with the auto parallel contr(1 relay deenergized, and

the external power breaker open. (21-8)

43. The bus tie breakers are opened and the generator breakers are closed. (21-10)

44. By an underspeed switch on the generator drive. (21-13)

45. The main external power receptacle provides for connecting external power to the aircraft and a load

bank.to the central tie bus. (21-20)

46. Anytime a central tie bus fault occurs. (21-24)

47. The phase sequence relay. (21-27)

48. Through pin F of the external power receptacle which is grounded at the load bank. (21.3 1 )

..
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49. The logical steps required to identify and remedy systems malfunctions are:

(1) Define the problem.
(2) Investigate the blem.

(3) Evaluate t findings.
(4) Determine he exact cause.
(IS) Repair or re y._

(21-36)

50. By performing a complete and thorough operational check of the affected system and then making a

written list of possible troubles. (21-39)

51. It makes you less likely to forget any of.the possible causes, and it helps point out any causes that

are illogical. (21-40)

52. Before removing the component for a bench check, disconnect the connector and use an appropriate

meter to test for problems such as a short. (21-44)

53. Defective frequency-and-load control units or the generator drive governor system. (21-51)

54. The voltage output will increase when the throttle is advanced and decrease when the throttle is

retarded. (21-54)

55. Lower than normal voltage output from the generator. (21-54)
-

56. An open in the reactive load equalizing circuit. (21-55)

57. Loss of the reference circuit to the regulator. (21-55)

58. A defective or maladjusted voltage regulator. (21-56)

'

CHARTER 6 .

I . Motor action is a force excited on a current-carrying conductor placed in a magnetic field. (22-3, 4)

2. The factors that control torque are the strength of the magnetic field and armature current. (22-5)

3. When the armature in a motor rotates in a magnetic field, a voltage is induced in its windings. The

voltage is opposite in direction to the applied voltage. (22-6-8)
4

4 In a series motor, the field and armature are connected in such a way that the current in the field

also flows in the armature. (22-10)

5. A shunt motor has the best speed control, as it varies very little (22-14)

6. The series field provides good starting torque while the shunt field provides the Speed control.

(22-15-17)

7 Heat. (22-18)

8. The speed depends on the amount of current which flows through the rheostat in series with the field

windings as shown in figure 70, A. An increase in the value of resistance will caUse less currerft to

flow through the field which in turn will decrease the field strength. A decrease in field strength will

cause a decrease in CEMF. The end result is an increase in armature current-flow and torque. The

opposite is true when current is increased in the field circuit because of less resistance in the-circuiter

(22-23, 24)

9 All that is needed to complete the circuit is a switch and wiring.,The reverse current provisioos are

inside the motor housing that is needed to diTect current flow in two directiOns through the motor.

(22-27-29)

-_,
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10. The three classes of induction motors are: single-phase, two-phase, and three-phase. (23-1)

11. The speed of and induction motor is determined by number of poles and the supply voltage. (23-4)

12. High starting_ torque. (23-7)

13. A squirrel-cage rotor is used in induction motors. (23-5, 8)

14. An induction motor operates on the principle of a rotating magnetic field. (23-9)

15. Slip is the difference between the rotating magnetic field and rotor speeds. The more load that is
placed on the rotor, the more the slip between the rotor and rotating magnetic field increases. (23-11)

:6. The synchronous speed of all induction motors is the speed at whiCh the magnetic field rotates. (23-12)

17. Combinations of inductance, Capacitance and resistance can be used to split the phase of the motor

winding. (23-16)

18. A single-phase induction motor is self-starting because the capacitor causes the currents in two windings
starting and runningto differ in phase by approximately 900. (23-21)

19. A centrifugal device (switch in 'most cases) is used to disconnect the starting winding from the circuit

when the motor gets up to speed. (23-23)

20. A three-phase induction motor may be reversed by reversing any two power leads. (23-33)

21. A three-phase Induction motoi.will run on only two phases. (23-34) .

22. The speed of the rotating magnetic field. The speed of the rotor and magnetic field are locked together

and remain the same. (23-35, 36)
:.

23. A rotary inverter consists of a dc motor and an ac generator contained within the same housing (24-1)

24. The output frequency range for Inverters is 375 to 425 Hz. (24-3)

25. All inverters take dc power from the motor terminals for excitation of the field because rectified

current has a certain amount of ripple which would adversely affect the inverter output. (24-14)

26. The changeover relay. (24-23)

27. The six basic circuits are:

a. Oscillator circuit
b. Voltage sensing circuit
c. Voltage reference circuit
d. Voltage driver circuit
e. Push-pull output circuit
f Resonant output tank circuit. (25-2)

28. To produce a constant 400-Hz signal. (25-3)

29. A sinusoidal ac signal and a dc reference signal. (25-4)
,

30. The voltage sensing circuit. (25-8)

31. The voltage sensing circuit and voltage reference circuit. (25-11)

32. Its a series of positive and negative square pulses. (25-12)

33. The pulse width of the output signal will be reduced. (25-18)

34. The magnitude of the output signal will increase. (25-19)

:
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Multiple Choice

Chapter 1

1. (200) The total effective plate area in a lead-acid cell determines the

a. ampere-hour capacity. c. internal resistance.
b. closed-circuit voltage. d. open-circuit voltage.

2. (200) When accidently splashed by electrolyte, your first step should be to

a. call a doctor. c. thoroughly wash the area with water.

b. neutralize the electrolyte with boric acid. d. neutralize the electrolyte with baking soda.

3. (200) When mixing electrolyte for lead-acid batteries, the repairman should
i

,..;'. a. mix it in a galvanized container. c. pour the water into the acid.
b. pour the acid into the water. *d. heat the acid for a better mix.

4. (200) The correct water level of a lead-acid cell is normally established by f

a. a hydrometer.
b. calculation.

c. a metal ruler.
d. a self-leveling syringe.

5. (200 Just, prior to performinj a capacity test of a lead-acid battery, it should be

a . completely discharged., c. low in specific gravity.
b. overcharged foi 2 hours. d. alrowed to stand for 72 hours.

6. (203) After filling a silver-zinc battery with electrolyte, it

a. may be put into service immediately. c. should be allowed to stand for 72 hours.

b. should be placed on charge immediately. d. requires additional servicing after a 72-hour period.

7. (200) The first step in the preparation of a lead-acid battery for charging is to
t

a. add water to the full level. c. clean the outside of the case.

b. add electrolyte to rill the cell. d. check the electrolyte leyel.

1. (202) The proper electrolyte level of a nickel-cadmium battery is

a. not affected by internal conditions\. c. 1/4 mch below the plates.
b. 3/8 inch abovethe top of the plates. d. even with the top of the plates.

9. (203) Before you place a new or used silver-zinc battery on charge, you should inspect the battery for

a. corrosion.
b. damaged cells. / c. loose connections.

d. all of the above.

10. (201) The charging rate for a.17-ampere-hour battery, a 34-ampere-hour battery, and a 68-ampere-hour

battery connected in series should not exceed .

a-. 1.7 amperes.
b. 3.4 amperes.

c. 4 amperes.
d. 6.8 amperes.

i

11. (201) Batteries that fail the capacity test must not be used in

a . battery carts. c . ground power equipmetu. )
b. testing devices. d. shop maintenance work.
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12. (201) When two successive readings show no i crease in specific gravity,

a. remove the battery from the charger.
b. the charging rate should be decreased.

c. the charging rate should be increased.
d. water must be added to the battery.

13. (201) A capacity test is performed on a lead-acid b ttery to determine the

a. battery's internal condition.
b. charging rate of the battery.

pecific gravity of the electrolyte
cific gravity of the battery.

14. (200) The state of charge of a lead-acid battery is best Itermined with a 4,

a. voltmeter. c. hygometer.
b. hydrometer. d. capacty tester.

15. (202) A recommended neutralizing agent for the electrolyte used in nickel-cadmium batteries is

a. boric acid. c. sulpherI acid.
b. baking soda, d. potassiun hydroxide.

lb. (203) When charging a silver-zinc battery, the constam-potenti I method is

a. recommended.
b. never used.

c. an emerge cy method.
d. the only m e thod authorized.

17. (202) The state of charge of a nickel-cadmium battery is determined by

a. a hydrometer. c. a capacity telfer.
b. the charging current. d. closed-circuit terminal voltage.

18. (203) The state of charge of a silver-zinc battery is determined by checking the

a . chaiging current. c . closed-circuit voltage of each cell.

b. speciGc gravity of each cell. d. open-circuit-voltage of each cell.

19. (203) When a silver-zinc battery is installed in an aircraft, the dc system must be accurately adjusted to

limit the voltage at the battery terminal to a maximum of

a . 18 volts. c . 26 volts.
b. 24 volts. d. 28 volts.

Chapter 2

20. (205) Variable dc voltage for the T-35 tester has a range from

a . 0 to 26 volts.
b. 0 to 30 volts.

c. 0to4S volp.
d. 0 to 6b volts.

21. (206) What use is made of the 1600-cycle output of thiac electroitc gCnet.ator of the T-170 tester.'

a. It provides-a signal for parallel operation.
b. It simulates a system with a,permenent magnet generator.
c : It.provides a signal for testing the auto parallelidg unit.
d. It s!mulates a system using a frequency 'reference unit.

$
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22. (206) In the power amplifiers of the 1-170 test set, what class of operation are the powerriodes operated

at when their output is over 60 %Vats?

a. Class A. c. Class C.

b. Class Mi. d. Class D.

23. (205) When manually adjusting the frequency of the ac generat91 on the 1-35 tester within 0.1 Hz, the

. frequency inust be between
,
a. 310 and 440 Hz. c. 390 and 410 Hz.

b. 395 and 405 Hz. d. 380 and 420 Hz.
-

24. (2.06) The recorder unit supplied with the T-II 70 tester is used when testing the

a.. A-I exciter regulator. c. frequency-and-load contridler.

b. generator control panel. d. voltage regulator.

25. (205) Generator control panels should be checked for serviceability on the

a.
,
A-2 test stand.

b. 1-31 test set.
c. T-35 tester.
d. T-1;70 test set.

26. (2.07) The purpose of the 5-hp motor in the MC-2 test stand is to

a. disengage the brake. c. control tile, 75-lip motor speed.

b. start 'the prime mover. d. operate the stand with small loadt. "

27. (209) Any time a unit has been overhauled or is suspected of a malfunction, both before and after repair,

it should

a. be ready for installation on the using unit.
b. have a complete functionat test before it is declared serviceable. .

q. have a functional te.st in the areathat is affected by the maintenance performed.
d. not be functionally tested because maintenance performed by the TO is always correct.

28. (204) Dc generators may be tested at varying speeds and under varying loads on the

a. A-2 test stand.
b. 1-31 test set.

c. 1-35 tester.
d. 1-170 test set.

4

,s s

29. (20a) What is the maximum load per phase provided by the A-I load bank?"

a. 13.3 KVAR.
b. 26.6 KVAR.

c. 30 KVAR.
d. 40 KVAR.

30. (207) To test the constant-speed drive and the generator, the Jepairman should use ihe

a. MC-2.
b. PSM-6.

c. 1-31. -

d. T-170.

31. (209) Which of the following test stands will test a 2500-volt-ampere inverter?

4 c . L-1 A.',..I.
d. MC-2.

32. (204) Dc control panels may be tested on the

a. A-2 test stand.
b. 1-31 test set.

- \

c. 1-35 tester.
d. T-I% test set.
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33. (206) The operation of the individual power supplies on the T-170 test set is controlled by the

Li. card switch. c. power distribution unit.
b. control panel under test. d. instrumentation system.

34. (208) The maximum resistive and reactive loads that can be provided by the A-1 load bank are
a
a .'30 kw and 20 KVAR. c. 60 kw and 20 KVAR.
b. 30 kw and 40 KVAR. d. 60 kw and 40 KVAR.

35. (209) The inverter test stand referred to in the text will test

dgitaI

a. sm'gle-phase inverters only.
b. three-p1-iase inverters only.

c. single- and three-phase inverters:
d. all inverters,and rectifiers.

36. (204) When a dc generatot is being tested on an unmodified A-2 test stand, how is its output voltage
controlled?

a. By a 0- to 10-ampere rheostat. c. With a carbon-pile regulator.
lz By a 0- to 25-ampere rheosiat. d. By a voltage regulator.

37. (206) An instrument that is useful for bench testing a static voltage regulator is the

a. A-1 tes1 stand. c. T-35 tester.
b. C-1 test stand. d. T-170 tester.

4

1i. (1)6) Functional testmg of various ac power-generating system components may be accomplished with
the use of an adapted

a. A-2 test stand. c. T-35 tester.
b. T-31 test set. d. T-170 test set.

39. (208) The ammeter on the A-1 load bank is protected from damage by

a. a 50-MV shunt. c. opening the ammeter circuit.
b. current transformers. d. shorting the amrheter circuit.

40. (206) The card switch used with the T-170 tester sets up the

a programmer and relay control center to test the component.
4, b. frequency of the ac electronic generator.

c. recorder unit to test the component.
d. voltage from the variable supply.

Chapter

41. (210) The unregutated terminal voltage of a shunt-type generator vanes inversely with its

a. speed. c. field strength.
11. load. d. load, speed, and field st(ength..

41. (210) The use of laminated pole tips in the manufacture of generators tends to
.04

a. decrease the reluctance of the pole tips.
b. increase the permeability of the pole tips.
c. increase the retentivity of the pole pieces.
d. decrease the concentration of flux at the pole tips.

49
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43. (212) The primary purpose of the overvoltage relay is to i.

..

a. turn on the warning light. c. close the reverse-current relay.

b. trip the field control relay. d. open the field to the generator.

Note to Student. For the next 3 items, refer to figure 42 of the text.
L

44. (215) If you received a writeup on AF Form 781 that the airc'raft voltmeter showed 8 volts, you should
take the necessary ohmmeter readings at the.voltage regulator base. If these readings are 30 5 ohms from

A to B, 0.5 ohm from B to ground, and 30 ohms from A to ground, the trouble would most likely be a

a. grounded "A" lead. c. defective voltage regulator.
'b. high resistance in the field. d. tripped field control relay.

..

\

45 (215) With the engine running at cruising rpm, the aircraft voltmeter indicates 0 volts. With the engine .0

stopped and the regulator removed, an ohmmeter check from A to ground on the base reads infinity, from

B to ground infinity, and from B to A 3.5 ohms. A possible cause of trouble is an open

a. "b" lead. c. "voltmeter" lead.
b. "E" lead. d. ground on the regulator.

46. (215) In a standard 24-volt generator system, the normal armature resistanceis 1/2 ohm and the resistance

of the field is 3 ohms. If, with the regulator removed from the base, an ohmmeter connected from B to A

reads 3 ohms, fiom`A to ground 3 ohms, and from B to ground 0 ohms, a possible cause of trouble is

a. an open "a" lead. c. a grounded "B" lead.

b. an open "B" lead. d. a shorted "B" to "a" lead.
p

47. (213) The component in the generator control system that can be manually closed is the

a. overvoltage relay. c. differential relay.

b. voltage regulator. d: field control relay.

48. (210) What feature of a generator compensates for armature reaction by weakumng the flux produced

by the armature current? -

a. Shunt field. c. Slotted pole pieces.

b. Series field. d. Plasticiied'pole tips.'

'.."40...-
49. (214) Flashing the field of a dc generator may be used 4)

a. correct field polarity. c. destroy residual magnetism.

b. increase field resistance. d. reverse the current to the RCR.

50. (212) One function of a differential-type relay is to

,

IF a

4 .

,
a. connect the generator to the distribution system when generator voltage is higher than bus voltage

b. disconnect the battery from the distribution system when battery voltage is lower than bus voltage

c. connect the battery to the distribution system when battery voltage is lower than bus voltage

d. disconnect the generator from the distribution system when generator voltage is higher than bus voltage

51. (212) The bimetallic compensating ring in the carbon-pile voltage regulator compensates for an Increase

in temperature by

a. increasing the pressure on the carbon stock. c. decreasing the pressure on the adjustable core

b. decreasing the pressure on the carbon stock, d. increasing the pressure on the adjustable core

I
i
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52. (210) The interpole windings in a generator are

7 a. adjustable for varying loads.
b. used to reduce armature reaction.

c. connected in parallel with the armature.
d. used to increase the emf Of self-induction.

53. (21 3) In a multi-generator system, load division is performed by the equalizing resistor and the

a. differential,relay. c. voltage regulator.

b. field control relay. d. reverse-current relay.

54. (212).. Resistance varies inversely with temperature in

a. steel.
b. brass.

C. silver.
d. carbon.

55. (210) Which of the following types of generators always has an output voltage which increases as the load

increases?

a. Series-wound.
b. Shunt-wound.

c. Flat-compound.
d. Separately excited.

56. (214) If an aircraft voltmeter connectel from B to ground reads between 1 and 2 volts with the engine

running at cruising rpm, there is likely to be a fault in the

a. field circuit. c. voltmeter circuit.

b. ammeter circuit. d. equalizing circuit.

. 57. (211) Which of the following is often used to test a dc generator armature for an Open circuit9

a. Test lamp.
b. Growler.

c. Voltmeter.
d. High-pot tester.

58. (212) If the fixed resistor in the voltage coil circuit of a carbOn-pile regulator should open, the generator

output voltage Would be

a. low.because the carbon stock resiftance would be at minimum:.
b. low because the carbon stock resistance would be at maximum.
c. excessive because the carbon stock resistance would be at minimum.

d. eNcessive because the carbonittock resistance would be at;maximum.

59. (212) ,When the red warning liht in a generator Warning s5;stemiis illuminated, It indicates that the field

contiol

a. reset relay has been energized and the generatoE field is complete.

b. rpet relay.has been energized and the generatOr field is open.

c. rF113 felay tas been energized and the generator field,is coriiplete.
d. thp.relay has been energized and the generator filed is open.

60. (214) If a Cic generator system has a high uncontrollable output whether or not the voltage regualtor is in
4the circuit, a possible cause of the trouble is

a. an open voltage coil., c. an open in the field,circuit

shorted shunt field coil. d. a,shorted field circuit B to A.

61. (211) Which of the following 'is best for rertioving minor ,Purnt,.spots.on a generator commutator9

a. Crocus cloth.
b. Emery paper.

c. Sandpaper.
. d. A fine file.
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62. (214) With the engine running at cruising rpm, the aircraft voltmeter indicates zero ,oltage Which of the
following is the most likely cause?

qi
\

a. A dirty commutator. c. A short between "A" and "B."
b An open "g" lead. d. A short between "a" and "b."

Chapter 4

\---
63. (217) A transformer-rectifier unit is used to provide dc power

,

. a. to the emergency dc bus.
b. for ground operations only.
c. when the aircraft primary power source is ac.
d. when two or more inverters are operating in parallel.

..'.
64. (218) For what purpose would a repairman short the four input terminals of a transformer-rectifier unit

---.........,

together and the two output terminals together?

a. To determine the voltage drop across the rectifiers.
b. To determine the inverse voltage across the diodes.
c. To perform an insulation breakdown test.
d. To perform a voltage regulation test.

65. (217) An important item of preflight inspection in regard to installed transformer-rectifier units is the

a. polarity of the output power. c. correct input power. a

b. proper paralleling of the units. d. direction of airflow.

66. (21$) A battery charging transformer-rectifier unit is capable of producing its highest output voltage at a

load of

a. 0 amperes.
b. 10 amperes.

c. 25 amperes.
d. 100 amperes.

67. (217) In the battery charging transformer-rectifier unit discussed in the text,

a. both control winduls are in series with the load.
b. CW2 is used to bias CWI and minimize circulating currents.
c. the output voltage is minimum When the cores are saturated.
d. the output voltage is maximum when the cores are saturated.

Chapter 5

r

68. (221) The output voltage of the type B-I variable-frequency ac generator is controlled by the

a. rocker ring. c. exciter regulator.
b. volta ge. regulator. d. transformer-rectifier.

69. (222) Which of the following is a must during the repair and testing of aircraft generators9

a. The use of technical orders.
b. A sufficient manpower pool.

c. The manufacturer's descriptive literature.
d. Available replacement parts and subassembhes.

70. (220) The output frequency of an ac generator is determined by the

a. number, of armature conductors, c. speed and direction of generator rotation.

b. strength of the magnetic field. d. speed of coil rotation and number of field poles

v



71. (226) What function do the mujual reactors perform when a generator goes into an overvoltage condition
during parallel operation?

a. They boost the voltage stnsed from the underexcited generators.
b. They decrease the voltage sensed from the overexcited generators.
c. They boost the voltage sensed from the overexcited generators.
d. They have no effect on the voltage sensed from the underexcited generators.

72. (229) According to systematic troubleihooting procedures, writing down the possible troubles is a
methodical way of

a. defining the problem. c. investigating the problem.
b. evaluating the findings. d. determining the exact cause.

73. (221) In what general speed range do variable-frequency generators operate9

a. 390 to 420 rpm. c. 3000 to 9000 rpm.
b. 800 to 1000 rpm. d. 3800 to 10,000 rpm.

74. (224) The auto parallel unit will operate only if the generators,to be paralleled are

a. slightly out of phase. c. more than 6 Hz apart.
b. synchronized in phase. d. more than 8 Hz apart.

75. (225) The openmg voltagiof the starting relay in the mag-amp voltage regulator discussed in thc text is
approxunately

a. 95 volts phase-to-ground. c. 185 vohs phase-to-ground.
b. 125 volts phase-to-phase. d. 195 volts phase-to-phase.

76. (223) The sprag-type clutch in the constant-speed drive (CSD) functions to allow the

a. generator to turn slower than the CSD output shaft.
b. generator to turn faster than the CSD-ut shaft.
c. aircraft engine to turn faster than the egb input shaft.
d. aircraft engine to turn slower than the CSD input shaft.

77. (220) How many poles would you expect to find in an ac generator operating at 4800 rpm artd a frequency
of 400 Hz9

a. 6 poles.
b. 8 poles.

c. 10 poles.
d. 12 poles.

78. (223) It is a function of the limit governor on a constant-speed drive to

a. detect an overspeed or underipeed condition and to operate the pressure switch.
b. control the speed of the drive by changing the angle of the pump wobbler
c. establish a basic reference frequency of 395 Hertz from any armature speed.
d. control the speed of the drive by changing the angle of the motor wobbler.

79. (227) In the multi-generator system using a constant-speed drive, during normal engine shutdown, the
generator breaker will be tripped by the

a. lockout relay. c. generator switch.
b. exciter switch. d. underspeed switch.
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80. (225) During parallel operation of an ac generator system, one generator is carrying an excessive amount

of KVAR load. A malfunction in which system component would most likely cause this?

a . Constant-speed drive.
b. Voltage iegulator.

citer control relay.
d. Fr uency-and-load controller.

81. (226) Protection against generator overvoltage during parallel operation is provided by the

a . voltage regulator. c. overexcitation relay.

b. overvoltage relay. d. exciter protection relay.

82. (227) When a load bank is used to perform an operational check of the a'c power system, it is connected

to the aircraft

a. directly to the central bus. c. through the generator quick-disconnect.

b. directly to the generator bus.. d. through the external power system.

83: (229) According to the text, the first step in troubleshooting an electrical system is to

a. investigate the problem. c. evaluate the findings.

b. define the problem. d. determine the exact cause.

84. (224) When generators are connected in parallel, the kw load is divided equally by the

a. voltage regulator. 1114c. generator protection unit.

b. constant-speed drive. d. frequency-and-load controller.
- , .

85. (220) An increase in the KVAR load of an ac generator requires a corresponding change in

a. frequency. c. excitation.

b. horsepower. d. power factor.

86. (222) What is the purpose of the commutating diode installed in the rear end bell of a brushless ac

,t/ generator?

a. Reduce negative voltage spikes. c. Rectify PMG output to the control panel.

b. Suppress rectifier peak inverse voltage. d. Rectify the ac voltage to the generator field.

87. (228) Paralleling of an aircraft generator and the external power generator is prevented by the

a. disarm relay.
b. interlock relay.

c. lockout relay.
d. generator control relay.

88. (220) Increasing the resistive load on a constant-frequency ac generator requires an increase in the

a. speed of the generator.
b. exciter-generator output.

c. torque output of the drive unit.
d. voltage output of the generator.,

89. (227) During load bank operation, pin F of the external power receptacle provides

a. a ground for the disarm relay.
b. a ground for the interloek relay,
c. dc power for lockout relay operation.
d. dc power for operation of the external power Circuit breaker relay.
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90. (223) The pumping action of the wobbler pump in a constant-speed drive unit is at minimum when y
a. it is in an overdrive condition. c . it is in straight-through condition.

b. it ts in an underdrive condition. d. the aircraft engine is in the minimum speed range.

91. (227) The phase sequence relay in the inulti-generator external power system controls the external power

a. disarm relay. c . lockout relay.
b. control relay. d. interlock relay.

92. (222) One of the characteristics of wye-connected ac generators is that they have

a. three available voltages. c . three windings connected in parallel.

b. three windings connected in series. d. singlephase and three-phase voltages available.

93. (225) The boost current transformers,used with a mag-amp voltage regulator

a. increase the regulator maximum outpuelimit.
b. limit the regulator input to the first stage only.
c. limit the regulator input during all load conditions.
d. decrease the regulator output during short circuit conditions.

94. (220) When a leading power factor load on an ac generator is increased, the

a exciter output will decrease c. terminal voltage will decrease.

b. field current will increase. d. torque output of the drive will increaSe,--

95. (226) The unit in an ac power system that protects the generator in case the current flow in two leads of

the same phase is not equal is the

a. overexcitation relay. c. differential fault relay.
b. underexcitation relay. d. exciter protection relay.

96. In the linear-type constant-speed drive discussed in the.text, when the displacement of the pump is

eater than the displacement of the motor, in what condition is the drive?

. Motorized.
b. Overdrive.

c. Underdrive.
d. Straight-through.

97. (227) What component in the generator control system must be closed before there can be any generator

output?

a. Bus tie breaker. c. The auto paralleling relay.

b. The generator breaker. d. The generator control relay.

98. (225) Loss of the sensing signal (57 vdc) in the mag-amp voltage regulator will cause

a. system voltage to go to maximum. c. the regulator output to go to zero.

b. system voltage to go to 100 volts. d. the regulator input to go to maximum.

99. (223) A constant-speed drive cannot be placed back into operation during flight if it has shut down due

to an

a. unierspeed condition. c. underdrive condition.
b. overspeed condition. d. overdrive condition.
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100. (224) A paralleled generator is automatically placed in isolated operation through the operation of the

a. lockout relay. c. generator control relay.
b. undervoltage relay. d..differential fault relay.

Chapter 6

f,

101. (230) To do a job which requires a constant-speed motor that need not have a high starting torque, what
type of motor would you select?

a. Shunt motor. c. Compound motor.
b. Series motor. d. Continuous duty motor.i

102. (233) A synchronous motor differs from an induction motor in that in the synchronous motor
..

a. ac current is supplied to the rotor.
b. dc current is supplied to the stator windings.
c. rotor speed is usually leis than the rotating field.
d. the rotor turns at the same speed as the rotating field.

103. (230) Which of the following will result if the power leads are reversed while a dc series-wound mut or is
in operation?

a. The field will burn out.
b. The armature will burn out.
c. The motor will turn in the'opposite direction.
d. The armature will continue to rotate in the same direction.

104. (234) The resistance of the flyweight controlled carbon.pile Used on inverters is dependent on

a . frequency of input. c. the flyweight material.
b. type of carbon used. d. pressure and temperature.

105. (231) The rotor circuit in a squirrel cage motor is supplied with current through

a. mutual induction. c. self-induction.
b. the rotor shaft. d. counter-electromotive force.

-

106. (230) What change takes place in the field flux and the armature speed as the load is removed from a
series motor? v
a. They both increase. c. They increase and decrease, respectively.

b. They both decrease. d. They decrease and increase, respectively.

107. (235) A change in the inverter output voltage is normally detected by the

a. oscillator circuit. c. voltage driver circuit.
b. voltage sensing circuit. d. voltage reference circuit,

108. (231) The current in the rotor of a single-phase induction motor is produced by

a. exciters.
b. sliprings.

c. a commutator.
d. mutual induction.

109. (230) Motor action will result when a conductor is placed in a magnetic field if the

a . conductor is carrying current. c. magnetic field istproduced by permanent magnets.

b. magnetic field is parallel to the conductor. d. conductor is under the geometric center of the pole
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110. (230) If the voltage applied tu a motor is 220 volts and the counter-emf is 200 volts, what will be the

current through an armature whose resistance is 4 ohms?

0 05 ampere.
h (J 5 ampere.

c. 5 amperes.
d. 50 amperes.

III. (231) In comparing a three-phase squirrel cage induction motor with a transformer, it cOuld be said that

the rotor is comparable to the

J primary of a step-up transformer. c. secondary of a step-up transformer.

b. primary of a step-down transfoThier. d. secondary of a step-down transformer.

112. (230) Usually, the field magnets of a dc motor are

a. electromagnets.
b. permanent magnets.

c. made of laminated steel.
d. solid cylindrical-shaped magnets.

113. (230) Which of the following would be the most practical method of increasing the speed of a

shunt-wound motor?

a Decreasing the number of wi dings in the shunt field.
b. Decreasing the resistance in se s with the shunt field.

c. Increasing the resistance in series with the shunt field.

d lni.reasing the resistance in series with the armature windings.

114 (230) Assuming a constant field flux, what is the effect of an Increase in motor armature speed on the

counter-emf and the armature current?

5. Both forces decrease. c. The forces decrease and increase, respectively.

h. Both forces increase. d. The forces increase and decrease, respectively,

115 (235) The output signal from the push-pull output circuit of the static inverter is dependent upon the

.3 input pulses.
h input to Q8.

c. output of Q7.
d. output of T3.

11 o (231) When a dc motor is compared with a simple induction motor, it should be noted that the

brushes of both motors are shorted.
b" former has a commutatof, whereas the latter has.sliprings.

c. former has a stationary magnetic field;.the latter has a rotating magnetic field.

d. former uses a shaded pole; the latter uses a split field for reversing.

11 ' (231) In an indik non motor, if the number of pairs of poles is divided by two and the frequency of the

applied voltage is doubled, the synchronous speed is

. unaffected. c multiplied by two.

h. divided by four. d, multiplied by four.

I l ( 232) A capacitor-start motor which is to ope ate continuously for a considerable length of time may

require a

. centrifugal switch.
h. Inht amount of stored dc.

c . long-lasting dc generator.
ci. higher voltage than a resistance-start type.
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119. (231) The speed of a three-phase squirrel cage motor can be varied by changing the number of poles in
the stator and the

a. phase-winding connections. c. amplitude of the applied voltage.
b. resistance in the rotor citcuit. d. frequency of the applied voltage.

120. (233) One difference between single- ase and three-phase ac motors is that

a. single-phase motors haveI greater torque potential.
b. three-phase motors must have some type of starting aid.
c. single-phase motors must Itave some type of starting aid.
d. single.phase motors will operate faster than three-phase motors.

121. (234) In most inverters, a vOltage regulator controls the

a. current throughlhe armature. c. current through the generator field.
b. current through the motor field. d. output voltage by controlling the frequency.

122. (234) The frequency of the rotary inverter that incorporates the voltage regulator circuit can be adjusted
by adjusting the

a. voltage regulator. c. voltage applied to the motor shunt field.
b. aircraft dc voltage, d. voltage applied to the motor control field.

123. (232) The degree of phase shift during the start of a capacitive start motor is approximately

a. 20°.
b. 1ff .

c. 90°.
. d. 1200.

124. (235) The reference voltage applied to the input of the voltage driver circuit m the static inverter is
establiShed by the

a. oscillator circuit. c. voltage sensing circuit.
b. voltage reference circuit. d. push-pull output circuit.
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Preface
(

T HIS IS THE final volume of this course. In many ways you might consider
it the most important volume in the course because it deals with a variety

of the electrical systems you are required to maintain. In this volume you will
be able to apply the information previously learned directly to a system com-
ponent. The systems used here are typical systems and are not to be considered

for a specific aircraft. r - .

Chapter 1 discusses landing gear systems. Although most landing gears are
hydraulically operated, they have been included for good reasons. First, most
landing gears are electrically cc:intoned. This is where you, the aircraft electrician,

come into the picture. Second, you are required to adjust an calibrate the
various switches and actuators in the system so that the gears Will operate in
the correct sequence. This chapter will provide you witth the necessary inforzna-

tion to do this. . .
.

A great deal of your time will bi spent in maintaining, the electrical portions

of flight control systems, warning systems and,fuel systems. To help you perform
operational checks, troubleshooting, and thenecessary testing of the components
in these systems, they are covereqiin detail in Chapters 2, 3, and 4.

Your duties as an aircraft electrician will also include working on engine

starter, and ignition systems. Chapter 5 discusses reciprocating engine

starters and the various types of 'fuel-air and pneumatic starters used on jet

engines. Test and repair of these components, ore also covered. In addition
to these systems, you will find information concerning cowl-flap system, oil-cooler

flap actuator system, and water injection system circuits. . .

In the inal chapter you' will find a detailed dismission of aircraft lighting
systems, loth internal and extikulal. The fin'al portion of chapter 6 deals. with

the window anti-icing circuits.

'---Bound in the back of this volume are 6 schematics. Whenever yoa are ,

referred to one of these figures in the, text, please turn to the back of the

volume and locate that figure.

If you have questions pn the accuracy Or currency of the subject matter of

this text, or recommendations for its improvement, send them to Tech Tng Cen

(TSOC), Chanute AFB, Illinois 61868.

If you have questions on course enrollment or administration, or on any of

ECI's instructional aids (Your Key to Career Development, Study Reference

Guides, Chapter Review Exercises, Volume Review Exercise, and Course Exami-

nation), consult your education officer, training offerr-or NCO, as appropriate.

If he can't answer your questions, send them to EC, Gunter AFB, Alabama

36114, preferably on ECI Form 17, Student Request for Assistance.

This volume is valued at 24 hours (8 points).

Material in this volume is technically accurate, adequate, and current as of

April 1970.
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CHAPTER 1

Landing Gear and Associated Systems

AIRCRAFT LANDING gear systems are
AL fairly complex because of the many require-
ments that must be met. For example, all landing
gear systems must have safety circuits to pre-
vent accidental operation of the gear when the
aircraft is on the ground. Landing gear systems
must also have a warning system so that the
pilot dOes not attempt to land the aircraft with
the landing gear retracted. Another requirement
is that the landing gear system be equipped with
an indicating system to show the pilot the posi-
tion of the landing gear, i.e., up and locked,
down and locked, or in an unsafe position. In
addition, most landihg gear systems have antiskid
protective devices that reduce the possibility of a

blown tire during landing.
2. What does this mean to you as aqhaircraft

electrician? Although most landing gear systems

are hydraulically .operated, some are electriCally
controlled. This means that you are responsible

for maintaining the electrical components of land-
ing gear systems. You must be able to trouble-
shoot the, systems, bench-test the components,
and make adjustments of limit switches and other
components as necessary. You are also required
to make operational ehecks of landing gear sys-
tems. This means that you must have an intimate
knoi,ledge of the various types of landing gear

systems.
3. Now let us discuss a typical heavy aircraft

landing gear system and learn how each control
and warning circuit contributes to the safe oper-
ation of the landing gear.

1. Heavy Aircraft Landing
Gear. System

I-1. The typical landing gear system selected

for the first paeóf this discussion is a tricycle
landing gear system consisting of two four-Wheel

truck main gears and a steerable clual-wheel nose
gear. The gears are hydraulically operated and
controlled simultaneously from a single control
lever located on the pilot's instrument panel. Each

gear is hydraulically and mechanically locked
when in either the full UP or full DOWN position.

1-2. The landing gear circuits consist of the
landing gear lever lock circuit, antiskid system
circuit, nose gear centering switch, main gear,
safety switches, main gear truck leveling switches;
landing gear position and indicating warning syk
tern, landing gear throttle warning switches, tad

door lock and door position switches. ese

items provide the necessary controls and infor-

mation for accurate monitoring of landing gear
conditions.

1-3. Now we shall discuss each circuit so that
you can see how each part of the system func-
tions.

1-4. taut:ling Gear Lever Lock Circuit. The
landing gear control lever is locked in the down
position to prevent inadvertent operation of the
landing gear when the aircraft is bn the ground
and to prevent retraction of the gear when the
nosewheel gear is not centered or when either
main gear truck is not level. As shown in figure

1, a spring-loaded solenoid releases the lock on
the landing gear control lever when conditions
are safe for gear operation. When conditions are
safe for gear operation, the lock.'solenoid is ener-
gized by action of five protective switches tied
in series from a power source through the sole-
noid to ground._ Before the lock solenoid can
energize, the following switches must close: (see

fig. 1) the nose centering switch (indicating
nose gear is centered); main gear safety (squat)
switches (indicating weight of the aircraft is off
the main gear, shock struts extended); and the
main gear truck leveling switches (indicating that
the main trucks are level or'perpendicular to the
shock strut). An override trigger on the control
lever permits release of the lever lock in event
the solenoid fails to operate.

1-5. Nose landing gear centering switch. The

nose gear centering switch, shown in figure 1, is
a low-travel, hermetically sealed microswitch lo-
cated to contact a ,cam rim, with centering de-
tent, on the steering control cable drum ender
the pilot's floor. The switch is tied in series with
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F Leading gear lever lock circuit.

the main gear leveling and safety switches to con-
trol die lever lock solenoid and prevent gear re-
traction until the nose gear is properly centered.
The switch is closed only when the switch actua-
tor arm it in the detent of the pullex cam rim.
Slotted mounting holes in the switch-mounting
bracket provide the adjustment to obtain the re-
quired position-for the switch actuation.

1-6: Main landing gear safety switches. The
main, gear safety switches, shown in figure 1,
control the lever lock solenoid to prevent opera-
tibn-of the landing gear when the weight of the
aireTilft is on the gear. The switch for each main
gear is a microswitch which is positioned by the
upper tossion link on the gear assembly. The cir-
cuit through the switch is closed when the strut
is extended and opened when the shock strut is
compressed. The main gear safety switch mount-
ings are jig lowed and the actuating linkage
fixed so that t.* switches do not require any
adjustment.

1-7. Main gear truck leveling switch. The two
truck leveling switches (one on each main gear)
are connected in series with the. two main gear
safety switches and the nose gear centering switch
in controlling.the control lever lock to prevent
geai retraction when the gear trucks are out-of

/ level (see fig. 1). The leveling switch is on the.
main gear' truck with an actuator linkage con-
nected to the inner cylinder fork. The switch
mdunting position is jig-located so 'that there is'
no ,adjustment required. When the truck is out
of level (no(perpendicular to shock strut) be-
yond safe limits for retraction, the switch will be
open to prevent the landing gear control lever
from unlocking.

'7137
1-8. Earlier in this discussion you learned that

all landing gear systems must include a means of
showing gear position and a warning system to
inform the pilot of unsafe gear conditions.

1-9. Landing Gear Position and %ming Sys-
, tem. pgure 2 shows a schematic of the position

andwarning system. A red warning light in the
end of the landing gear lever and a warning horn
in the cockpit are provided for warning of unsafe-
gear conditions. The warning light will illuminate
at any time the landing gear lever and landing
gear position are out of phase. The light is turned
on by the landing gear lever posiOon switches
when:the control lever is placed in ffie uP or DN
position, and. it will remain on if any, one of the
landing' gear lock switches is closed '(114LoCKED
positiOh), any ope of the landing gear door lock
sWitches ts closed (UNLOCKED position), or if

; either 'of the main gear door position switches is
in the door open position. (S..ee 'fig. 2.) These
switches are provided with an adjustment set-
screw which is meant.for factory adjustment only
and should not be reset in the field. Operation
of the warning horn is controlled through throttle
switches and warning relays so that the horn will
sound whenever any one of the landing gears is
in any position, other than down and locked and
any one of the throttle controls is aft of the mid-
dle set of scribe marks located on. the throttle
quadrant. This is the same warning horn that
is actuated by the spoiler and flap warning
switches. The warning light also operates in colv
junction with the horn and is also controlled by
the throttle switches and warning-relays.

1-10. Landing gear position indicators. Three
position indicators, shown in figure 2, show the
position of each landing gear. Each indicator is
controlled by a position-indicating switch and
lock switch located within the wheel well of the
respective landing gear. When the landing gear
is up and locked, the indicator reads 'in,. When
the gear is intransit and until the gear reaches the
full up or down-and-locked position, the indica-
tor shows diagonal stripes. With the gear down
and locked, the indicator shows a landing wheel.
The indicators are magnetic type indicators,
spring-loaded to the power off, or intermediate
position (diagonal stripes).

1-1 1: Control level position sivitches. (See fig.
2.) Two microswitches actuated by the landing
gear control lever are connected to turn on the
-warning light when the landing gear control lever
is moved- from the full UP or DN position. The
switches are mounted forward of the landing
gear control lever so that the applicable switch is
actuated only when the landing gear control
lever is in the UP or DN detent of the lever lock
plate. The lower switch provides a ground to the
warning light through the warning relay contact

2
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Figure 2. Landing gear positiOn and warning system.
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(fig. 2) 'with the lever in the DN position; and
with the lever in the UP position, a ground is
provided by the upper switch through the warn-
ing relay colitaci. Proper actuation of the switches
is accomplished by adjustment slots in the switch
supporting brackets.

1-12. Landing gear throttle warning switch. A
microswitch for each throttle provides for throttle
position control of the landing gear warning light
and warning horn. An actuating cam on each
throttle-cable is arranged so that.it' actuates the
switch when the throttle is retarded. On a land-
ing approach, during NShich any one of the land-
ing gear position or lock switches remains open,
the respective landing gear warning relay remains
deenergized. Retarding one or more of the throt-
tles past the middle ses of scribe marks on the
throttle quadra t close the landing gear throttle
switch, provid ground which causes the
warning light and warning horn to become ener-
gized until all gears are fully down and locked. A
mechanical cutout button (net shown) is pro-
vided for horn cutout. Pushing the button me-
chanically opens the throttle switches to deener-
gize the horn. Advancing the throttle, or throttl
again ,resets the warning horn throttle switche
Slotted holes in the switch support assembly pro-
vide a means for switch adjustment.

1-13. Landing gear warning relays. (See fig.
2.) The main landing gear warnfnuelays (one
for each gear) are two-pole, double-throw, her-
metically sealed relays controlled by die main
landing gear_position-indicating and locking
switches. Thelbse gear warning relay is a four-
pole; double-throw, hermetically sealed relay that
is controlled by the nose landing gear position-
indicating and locking switches. All relays are
energized to open the warning horn circuit and
a part of the warning light circuit when the re-
spective landing gears are in the fully down-
and-locked position. All landing gear warning
relays must be energized to avoid warning horn
operation when the thrOttles are retarded.

+4, 1-14. Landing gear position indicating switches.
The two main landing gears and the nose
landing gear are provided with position-
indicating switches, tied in series with a landing
gear lock switch, to transfer the lock control be-
tween the up and down indicator circuits. In the
GEAR LOCXED position, the lock switch provides
a ground to the position indicators through the
position switch (see fig. 2). The switches for the
main gear are actuated, by the main gear lock
mechanism as the side strut roller contacts the
actuator arm. The nose gear position switch is
actuated by a linkage attached to the nose gear
drag brace.

1-15. Landing gear lock switches. The landing
gear lock switches are microswitches mechani-

17Z3

cally linked to the lock mechanism of each gear.
The switches provide the ground necessary for
position indicator operation, through the gear
position switch, when the gear is locked. As
shown in figure /, when any gear is in the
UNLOCKED or in the TRANSIT position, the ground
is removed from .the position indicators and
transferred to the warning light circuit until the
gear is up and locked or down and locked.
The main gear lock switches are on the forward
side of the aft wall, in the strut portion of the
main gear wheel well while the noset gear lock
switch is on the nose gear drag brace directly
below the nose gear ppsition switch. The main
gsar lock switch is actuated by movement of the
lock plate as the side strut roller enters the lock
plate detent. The nose gear lock switch is actu-
ated by the nose gear drag brace knuckle.

1-16. Door lack s-witches. Each landing gear
wheel well door has a lock switch that is in the
circuit with the door position and the gear lock
switches to control operation of the landing gear
warning light in the control handle. The circuit
through the door ,lock switch is opened only
when the door is fully closed and the door lock
is actuated, as shown in figun 2. The main gear
door lock switches are attached to the upper end
of their respective door actuator and are oper-
ated by the actuator door-lock rod. The nose gear
door lock switch is on a bracket at -the forward
end of the nose wheel well and is actuated by a
linkage of the door lock. The main gear door
lock switch requires adjustment, but the nOse
gear door lock switch is jig-located.

1-17. Door position switches. As shown in
figure 2, only the main gear wheel well doors
have a position switch. The circuit is closed
through the normally closed switch contacts to
the warning light whenever the doors 'are open.
The switches are hermetically sealed micro-
switches mounted on the keel beam near the
forward end of the wheel well. The switches are
-actuated by the wiping action of the door walk-
ing beam at the DOOR CLOSED position. No
adjustment is required on the door position
switches, since the mounting is jig-located.

1-18. Now that you are familiar with the posi-
tion and warning system for a typical landing
gear system, we may turn our attention to an
antiskid control system.

1-19. Antiskid Control Circuit. The antiskid
control circuit is controlled by a guarded ANTI-
SKID switch on the instrument panel. The anti-
skid system consists of a skid detector on each
wheel' and an antiskid control shield and dual
antiskid solenoid. valve for each gear.'Operation
of the, antiskid solenoid control circuits is com-
pletely automatic. The only action required of the
pilot, after placing the ANTISKID switcb in the ON



position and the landing gear' control lever in

GEAR °OWN position (while the aircraft is still

air6orne). is to depress the rudder pedals to
meter hydraulic pressure to the brakes. The skid
detector sends an electrical signal through the
antiskid shield controls to the solenoid valves
which relieve brake system pressure when a
wheel-skidding condition is detected. As the skid
detector contacts close, the solenoid valve is

energized and shuts off hydraulic brake pressure
to the affected wheel.

1-20. Skid detector. The skid detector is a
flywheel type inertia mechanism that can detect
loss or recovery of synchronous main landing

gear Wheel speeds. The detector is shown in fig-
ure 3. The purpose of the detector is to provide
an electrical signal to the solenoid-operated anti-
skid valve which relieves brake system pressure
when a wheel skidding condition is detected. The
detectOr is sealed within a case and mounted co-
axially on the outboard side of each main landing
gear wheel. A shaft driven by a drive arm at-
tached to the torque plate extends through the
center of the detector and rotates with the wheel.
The detector flywheel is mounted concentrically
with and is driven by the shaft -through a spring-
loaded ball clutch. If the aircraft wheel speed
decelerates relative to the flywheel speed, the
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Figure 3. Skid detector.
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detector skid contacts close. This action ener-
gizes the antiskid valve, which releases brake sys-
tem hydraulic pressure and prevents the skid.
This permits the landing gear wheel to accelerate
relative to the flywheel. If a skid continues until
a wheel locks, the V relay for that wheel will be
deenergized. This provides a ground at pin D of
the antiskid control shield for the W relay through
the V relay contacts (shown in fig. 4) of the
other wheel as long as that relay is energized.
This action energizes the antiskirl solenoid valve
for the locked wheel, shutting off hydraulic pres-
sure to the brake. When the locked wheel signal
ends, the time-delay period of the W relay will be
increased by the discharge capacitor (throuoh the
series resistw) that is connected in parallel with
the W relay coil. Thus the whitl will have to
reach nonskid speed before brake pressure may
be applied again. The flywheel cl*itirque and

rainertia chacteristics are such t flywheel
can decelerate at a rate slightlyness than the
wheel during maximum braking.

1-21 . A ntiskid control shields. The functiUn
of the antiskid control shields in conjunction with
the skid detectors and antiskid solenoid valves
may be traced by referring to figure 4 and the
following example of a typical approach and
landing roll. While the aircraft is still airborne, the
ANTISKID power switch is guarded in the ON posi-
tion, and the landing gear control lever is placed
in the GEAR DOWN position. Power is then di-
rected through the switches to the antiskid con-
trol shield for each main gear. While airborne,
with the main gear shock struts fully extended,
the squat switch relays should energize. This ac-
tion completes the ground circuit for the W relays
through the normally closed contacts of the V
relays and the normally open contacts on the
squat switch relays. As long as the W relays are
energized, power is supplied to the antiskid sole-
noid valves: With the antiskid valves pergized,
hydraulic pressure is blocked from the brakes,
even though the rudder pedals are depressed.
When the--wheels touch down and turn at a
speed corresponding to 8 mph or more, the com-
mutators in the skid detectors turn. The pulses'
Of current energize the V relays, ,which break
the, ground circuits of the W relays. A delay of
1.00 (±, 0.25) second in the W relay dropout
prevents application of hydraulic press through
the antiskid solenoid.valve until th wheel turns
at a speed, corresponding to-that pf the aircraft.
If the wheel decelerates too rap y, as in a skid,
the skid contacts close in the ski etector, pro-
viding a skid signal in the forth of a'ground for
the W relay. Power then energizes the antiskid
solenoid valve, cutting off hydraulic pressure to
the brake of that wheel. At the end of a skid
signal, the W relay should Arop out after a 0.10

4fl//
0.5)- second delay and remove power from

the antiskid solenoid valve, allowing brake pres-
sure to the wheel.

1-22. Testing. The skid detectors and antiskid
control shields are tested by using a portable
tester designed specifically for this purpose. The
tester may be used to bench-test the skid detec-
tors, and it is used to perform a functional test
of an antiskid system installed in the aircraft.
Functional testing is accomplished by the various
controls on the test unit which simulate signals to
the control shield. The tester is capable of per-
forming the following test

Skid signals from individual detectors. .

Commuiator signals from individual de-tectors. '
Commutator resistance measurements.
Response of antiskid solenoid valves.
Complete antiskid control cycle.

1-23. Figure 5 shows the front of a typical
antiskid system tester. Let us briefly discuss some
of the various parts of the tester. The external
power jacks are used to furnish 28 volts dc to
the unit when it is used for bench-testing anti-
skid system units. The ohmmeter jacks (fig. 5)
are provided so that an external ohmmeter can
be used to measure deteCtor commutator resist-
ance. The "power on" warning light indicates
that power has been applied o the tester and
the system to be tested.

1-24. Also shown in figur 5 are various
warning lights. The lights marked SKID #1
through SKID #4 are used to indicate a skid
condition in a detector. The light marked Comm
indicates that the detectors are rotating. The light
marked S RELAY is illuminated through the con-
trol shield when the commutators are rotating.
The remaining two warning lights, marked #I
VALVE and #2 VALVE, illuminate when the rela-
tive solenoid valve is energized.

1-25. The SKID switch functions to simulate a
detector skid signal. The IN FLT - ON GND switch
is a three-position switch. Itrmthe NEUTRAL posi-
tion, the switch connects the s RELAY lamp
through thecontrol shield. In the IN FLT position,
the switch arms the system; while in ON GND
position, the switch di'sarrns the system.

1-26. The OHM-OFF switch is used to connect
and disconnect power from the circuits to be
checked by the external ohmmeter. In the OHM
position the circuits do not receive power, and in
the OFF position the circuits receive power. The
selector switch selects the systein circuit to be
tested.

1-27. Now that you are familiar with the con-
trols of 'the tester, let us see how the tester is
used to function-test an antiskid system. For this

6 4 o b
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'discussion we will use a system with four detec-
tors: two inboard and two outboard. .

1-28. One test that can be made with a. tester
is a locked wheel test. This is performed with
the tester powered from the aircraft. The selec-
tor switch is first placed to the OFF position. With
the OHM-OFF switch in OFF, and the IN FLT-ON

GND switch in the IN Fur position, the Nrs. 1 and
2 valve lamps should. be illuminated. This indi-
cates that power is applied to the solenoid valves.
If the lamps are not lit, you can assume that
the control shield is defective. Now, leaving all
the controls in their present positions, rotate the

8

CSE 7451

system tester.

inboard detectors in the normal forward direction
of a speed of at least 80 rpm. The #1 VALVE

lamp should go dark in approximately 0.5 to 1.0
second. 'When the detectors coast to a stop, the
#1 vALvE should again illuminate and the relative
solenoid energize.

1-29. The next part of this test requires that
the selector switch be placed to A. The OHM-OFF

switch is left at OFF. Now, when the left inboard
aft detector is rotated forward at a speed or at
least 230 rpm, the,comm light should illuminate.
When the selector switch is placed to a-and the

4 5 j
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other inboard detector is rotated at least 230
rpm, the Comm light should illuminate again.

1-30. The tester can also be' used to make a

skid tes o do this, the selector switch is moved

to E, e OHM-OFF switch tO OFF, and the IN FUT-

ON 6ND switch to the ON GND position. When one
of the inboard detectors is rotated in a direction
opposite to normal to simulate a skid condition,
the relative VALVE lamp and SKID lamp should
illuminate momentarily. If the lamps do not il-
luminate, the SKID switch should be held to the

SIUD position and the detector rotated in a direc-.
tion opposite to normal. If the lamps do not
illuminate, you can suspect a faulty control

shield.
1-31. This has been a very brief discussion on

the use of the tester. You should realize that the
best way to learn the operation of the tester is in
your own organization. This discussion has been
presented merely to give you an idea as to how a

functional test is performed and what is in-

volved.
1-32. This*concludes the discussion of a typi-

cal heavy aircraft landing gear system. Now, let's
discuss a landing gear system such as that found

on a typical fighter aircraft.

2. Fighter Aircraft Landing
Gear System

2-1. The syStem selected for this discussion
consists of a conventional tricycle type landing

gear and a tail skid. The gear and tail skid re-
tract fully into the aircraft and are closed off by

doors and fairings. The landing gear, wheel
doors, gear and door uplocks, and gelr down-

locks are actuated by individual hydraulic cylin-
ders. Overcenter locking mechanisms, consisting
of arm linkages and mechanical stops, prevent
accidental release of various gear and door locks

from either the locked or unlocked positions.
Strut fairings are actuated by mechanical linkage
connected to each of the landing gear struts.

2-2. A combination gear-and-door control
valve ports pressure from the hydraulic power
system to the actuating cylinders. The control
valve is solenoid-operated and is controlled by

an electrical sequencing system. Included in the
)equencing system are gear uplock, gear down-
lock, door-closed, and door-open switches. These

switches are mounted on the aircraft structure
adjacent to the mechanisms by which they are
operated. The sequencing system prophrly cycles
the gears and doors after gear-up or gear-down

selection is made.
2-3. Load switches and relays are also in .

eluded in ,the electrical circuit to insure proper
operation of the gear. Individual position indi-
cators, a warning light.'and a warning horn in the

9

cockpit provide the pilot with indications of gear
position and of safwr unsafe condition. The
position indicating 1rd warning system operates
electrically through connections with the sequence
system switches and throttle.

2-4. The tail skid operates in sequence with
the landing gear. It is extended and retracted by

an electrical jackscrew type actuator. The land-
ing gear and tail skid shock struts are telescopic
units containing specific amounts of hydraulic
fluid and air. They absorb the shock loads met
during landing. The landing gear wheels are

equipped with extra-high-pressure pneumatic
tires. The tail skid is equipped with a replaceable

steel shoe at the ground-contact surface. The en-
tire landing gear system is normally controlled by
a single control handle mounted on the instru-
ment panel.

2-5. Emergency systems are provided to ex-
tend or retract the landing gear. Emergency ex-
tension of the gear is done mechanically by a
system of - cables. The cables unlock all gear

doors, release the main gear uplocks, override
the door and -gear control valves, and actuate a
nose gear emergency extension control valve.
The main gears extend by gravity. The nose
gear is hydaulically extended against the air-
stream by pressure from a nose gear emergency
extension accumulator. The entire emergency
extension system is operated by a single handle
of the instrument panel. An emergency retract
button is mounted above the landing gear con-
trol handle. Pushing this button with the landing
gear control handle in the UP position electri-
cally bypasses the sequencing circuits d load
switches. The gear will then retract regardless of
the position of the' wheel doors.

2-6. Operation. A schematic of a typical fighter
aircraft landing gear control system is shown in
figure 6. The system is shown with the gear

down and locked, the gear handle down, the
doors closed,:and the load switches actuated.

2-7. Normal operation of the landing gear
system is divided into two separate cycles: the

retraction cycle and the extension cycle. Let us
start with the retraction cycle.

2-8. Retraction. As shown in figure 6, placing
the landing gear control handle to the UP posi-
tiOn after takeoff or during a retraction test

causes the landihg gear unsafe warning light in
the landing gear control handle to come on.
Placing the landing .gear control handle in the
UP position initiates the normal retraction cycle.
The tail skid is retracted and the wheel doors
unlock and open.

2-9. As the first door is unlocked, the landing
gear unsafe warning light in the landing gear
control handle should come on. The gear "down-
locks are actuated to unlocked position and the

1
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Figure 6. Type landing gear control system.
_

landing gear is retracted when all wheel doors
arc full openAs each gear is unlocked, the
symbol of ,the wheel appearing in the same (cor-
responding) gear position indicator disappears
and a "barber pole" appears. When all gears
have reached the up-and-locked positions the
wheel fairing doors close. As each gear reaches
the, up-and-locked position, the symbol -of a
"barber pole" ,in the same (corresponding) gear
position indicator disappears and the word UP
appears, to indicate that the gear is up and locked,

10

-2

and its respective fairing door is closed and
locked. The landing gear unsafe warning light
should go out when all gears are up and locked
and all doors are closed and locked while the
engine throttle is above 85 percent (:.-- 2 per-
cent) of engine speed. This completes the re-
traction cycle.

2-10. Table 1 lists the various units in the sys-
tem and shows when they are operated. Using
this table in conjunction with figure 6 will help
you learn the detailed operating sequence of

"
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TABLE I

LANDING GEAR SYSTEM CONTROL COMPONENTS

Unit
Operation

Main gear load switch

Nose gear sequence switch

Main gear sequence switch

Nose gear up and locked indicating
and door sequence switch

Main gear up and locked indicating
and door sequence switch

Nos* gear down and locked indicating
and door sequetk switch

Main gear down OW locked indicating
and door sequence switch

Nose gear fairing door closed

indicating switch

Nose gear fairing door locked

indicating switch

Main gear fairing door locked

indicating switch

Warning horn relay

Fairing door safety relay

Landing safety relay

this system. With the aircraft weight off the main

gear after takeoff, the electrical load switches on

each main gear strut are deactuated. This com-

pletes the sequencing system circuit, preparing

the system for actuation. When the landing gear

control handle is moved to the tit, position, the

sear control switch is actuated and directs cur-

rent into the sequencing circuit. With the gear in

the down-and-locked position and the wheel

doors closed, the sequence switches direct cur-

rent to the door open solenoid of the landing

gear and door control valve. When this solenoid

is energized, a valve is positioned to direct hy-

draulic pressure to the door and the door lock

actuating cylinders at the same time. The lock

cylinders move the overcenter mechanism out of

the overcenter position, allowing the hooks to be

rotated to the UNLOCK position. This frees the

doors, allowing them to be opened by the door.

actuating cylinders. Hydraulic pressure is main-

tained to the door-open and unlocked sides of

the actuating cyliriders. Each door, upon reaching

the full-open position, actuates a sequence switch

in the gear-up circuit. When all three doork are

fully open, the circuit is completed to enert.ize

When strut compressed
(weight of aircraft on gear)

When nose gear fairing door fully open

When related wheel fairing door fully open

When nose gear up and locked

When related gear up and locked

When nose gear down and locked

When related gear down and locked

When door is closed

When door is locked closed

When related door is locked closed

When horn cutout relay depressed

Control coil energizes when all gear
up and locked and all doors closed
and locked. Holding coil then denergizes

the control coil.

When gear handle up and struts compressed

or whtn gear handle up, all gear
up and all doors closed

the gear-up solenoia of the landing gear and

door control valve. This makes the valve direct

pressure to the up side of the gear actuating

cylinders and to the unlock side of the downlock

actuating cylinders. The nose gear downlock pin

is pulled, and the nose gear uplock hook is
positioned to receive the uplock roller on the

nose gear. At the same time, the main gear up-

locks are in position to lock, and all of the gear
actuating cylinders are pressurized to retract the

gear,
2-11. As each gear reaches the up-and-locked

position, it operates a sequence switch which is

connected mechanically to each gear uplock

hook,, When all three sequence switches are ac-

tuated, a circuit is completed to energize the

door-closed solenoid and deenergize the door-

open solenoid in the landing gear and dooF con-

trol valve. This causes the valve to reverse the

hydraulic flow to the door cylinders. Pressure is

then directed to the door actuating and ,lock

\ actuating cylinders to close and lock the doors.

2-12. As the doors leave ,the full open posi-

tion, the gear-up solenoid :s deenergized, causing



hydraulic pressure to be removed from thegear
actuating cylinders.

2-13. When all three doors are closed and
locked, the electrical circuit energizing the door-
closed solenoid is broken, the solenoid is deener-
gized, and the valve shifts to neutral. When the ,

door-closed and gear-up control valves are in
neutral, hydraulic pressure is stopped at the,land-
ing gear and door control valve. All lines to the
door, gear, and lock .actuating cylinders are then
open to- the return lines, and the gear system is*
depressurized.

2-14. &tension. Placing the landing gear
control handle to the DOWN position causes the
landing gear unsafe warning light to come on
and the landing gear warning horn to sound,
indicating a landing gear unsafe condition. At the
same time, the normal extension sycle is initiated1/4
The tail skid is extended, and -all wheel door
locks and landing gear locks are actuated to the
unlocked position. The doors are opened and
the landing gear is extended. Because of a pri-
ority valve in the landing gear extend line, the
doors are normallyoopened ahead of the extend-
ing landing gear. As each landing gear door un-
locks, the word UP disappears. in the correspond-
ing gear position indicator, and a "barber pole"
appears., indicating that the landing gear door is
unlocked. As each landing gear reaches the
down-and-locked position, the "barber pole"
disappears and a symbol of a wheel appears in
the .corresponding gear position indicator, as
shown in figure 6. When all landing gear is down
and loaed, the landing gear unsafe.warning light
goes out and the unsafe warning horn is silent,

art indicating that the landing gear is safe. At the
same time, the landing gear doors are closed and
lOcked to complete the landing gear extension
cycle.

2-15. When the landing gear control handle is
moved to the DOWN position, the gear control
switeh directs dc power to thetequencing system.

2-16. With the gear in the UPLOCKED position
and the wheel doors closed and locked, the
sequence switches are positioned to direct cur-
rent to the door-open solenoid and the gear
down Solenoid in the landing gear and d
trol valve (not shown). As the solenoids are en-
ergized, the iespective 'hydraulic control valves
are positioned to open the doors and extend the
gear.

2-147. When all the gears are down and locked,
the sequence switches actuate and send power..
to the control valves to lock the gear in the
DOWN position and close and lock the gear
doors.

. 2-18. Landing Gear Position and Warning Sys.
tens. The landing gear position and warning

system (shown in fig. 6) consists of the gear posi-

re-

)14
tion indicators, a warning horn, and a red warn-
ing light in the gear control handle. The position
indicators are operated by movement of the gear
and door mechanisms.

2-1-9. The single switch that energizes the
warning horn is mounted adjacent to, and is op-
erated by, a sector in the throttle .lirtkage. The
landing gear position indicators provide the pilot
with a visual indication of the gear position. The
red warning light and warning horn inform the
pilot of various gear or door unsafe conditions. A
warning horn' cutout button is adjacent to the
landing gear control handle. This button is used
to silence the horn after the audible warning has
been received.

2-20. The warning system red light in the gear
control handle goes on when any gear or door
is not unlocked with the landing gear control
handle in the Up position. (See fig. 6.) The warn-
ing horn and the red light are energized if the
pilot retards the Throttle below the minimum
cruise power setting while the gear is retracted.
Moving the landing gear control handle to the
DowN position electrically energizes the landing
gear and door control valves to position the gears
and doors. The light will also come on if the gear
handle is moved to the DOwN position when ttie
throttle is retarded.

2-21. The landing gear position indicating syS-
tem shown in figure 6 is composed of three sep-
arate indicating units, one for each' main gear
and one for the nose gear. The three units 'are
mounted together on a vertical panel on the left
side of the pilot's instrument panel. Each unit
consists of a pair of coils mounted on a common
iron core and a circular dial-and-magnet assem-
bly supported on pivots.

2-22. In operation; only one coil at a time ,is
energized. As a result, the dial is moved around
so that either the word UP or a small wheel ap-
pears through a window in the indicator. When
neither coil is-energized, a centering spring pulls
the dial-and-magnet assembly to a midway posi-
tion. A "barber pole" is then shown through the
window, denoting that the gear is unsafe. The
indicator uses 28 volt dc power for operation.

,Current is supplied directly to the unit when-
ever power is on the aircraft. The coils that con-
trol the direction in, which the dial is moved are
energized when the circuit through the position
indicating and warning system switches is
grounded.

2-23. This,concludes the discussion of landing
gear circuits._ The remainder of this chapter will
cover some, tyPical malfunctions you may en-
counter, as well s a typical 'adjustment proce-
dure.

2-24. Circuit Malfunctions. As an aircraft ekc-'
trician, you are required to -troubleshoot electri-
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tal malfunctions in- landing gear _c6cuits. You.
must be able to combine your skill in trouble-
shooting with an intimate knowledge of typical
landing gear circuits. Unlike many other electrical
circuits, landing gear systems require a certain
sequence in which the control and warn'ing cir-

cuits must operate. For 'example, in the typical
fighter aircraft landing gear circuit, shoivn in fig-
ure 6, the gear doors must open, the landing gear
must either eXtend or retract, then the doors
niust reclose.-

2-25. To, give you an idea of some of the

mofe typical malfunctions you may meet in your
work, the following examples are provided. Be-

fore we begin, however,, let us discuss some of
the hazardt inolved in troubleshooting landing
gear-circuits. Although there is a certain element
of danger involVed in working on any electrical
system, landing gear-sysferhs are particujarly dan-
gerous because of the .speed with which they
usually operate. 'If the gear or the geay door
should start to operate while you-are working on
it, you could be seriously hurt. For this 'reason,

you should never work within a wheel well area
when hydraulic pressure or electrical power is

applied to the gear. If it is necessary for you -to
troubleshoot a gear circuit, either remove power
or insure that the safety pins are installed in the
gear assembly. Now we may tr our attentioh
to some examples of typical landing gear time
malfunctions, using figure 6 for reference. 11

2-26. Example Nr. 1.' For this example assume
that during a gear retraction test the gear handle

was moved to 'the UP position and all the gear
retyacted and the gear doors clOsed. When the

positidn indicators were checked, however, they
showed that the main gears were hi an up-and-
locked position but that the nose gear was in

an intermediate position. gy examining figure 6,
you can see that all the indicators receive power
from the POSITION IND circuit breaker. There' are
several possible malfunctions that could cause this
trouble. Your first check might be at "B" of the
indicator.to see if dc is available. If dc power is

present at "B," check the continuity between "A"
of.the indicator and groun4. If there is continuity,
th,e Indicator is 'faulty and mtist be replaced. If
there is no continuity between "A" ofk the indi-
cator and groqnd, it is probable that you have a

defective or misadjusted nose gear up-and-l'Ocked
indicating and door sequence switch. If,you man-
ually actuate the switch so that the position indi-
cator shows an up-and-locked condition, this tells
you that, the switch must be adjusted.

2-27. Example Nr. 2. For this malqnction
again assume that a retraction test is bettig per-
formed. When the landing gear controlpever is
moved to the UP position the gears retract, the
doors close, and the position indicators Mow that

..all the gears are, in the up-and-locked position.
When the throttle is advanced, however, the

unsafe warning light -remains on. As shown in
figure 6, if all of the fairing 'doors are not

closecand locked, the ground circuit for the

unsafe warning light is completed thr,otige ahy of
the fairing doors closed-and-locked indicating
switches. The cause of this malfunction could' be
either an unlocked door or,a ,misadjusted 'fairing
door closed and locked indicating switch.'

2-28. Example 141?..--3, In this problem the gear
doors open-, but pone of the gears retract. By
examining figure 6,. you know that the circuit
from the gear control switch (T to. X) through
the deenergized landing safety relay and the nose
gear up and locked indicating door sequence
switch to the door open circuit must be good-be-
cause the doors have opened. Using table 1 and

figure 6, you, know that the circuit to 'move the
gear 'to the uP position is completed through
the main gear load. switches, and the deener-
gized landing safety rtlay (D to C) and the,gear
sequence switches. These three units are the most
probable causes of the malfunction.

2-24, This concludes the discussion of some
typical landing gear"system malfunctions. Bear in
mind that this section has only ,totiched very
briefly, on the subject. You wilt no doubt en-
counter a wide .9ariety of unusual and different
troUbles. The systems we have discussed are
typical of those you will encounter in your work.

2-30. Maintenance. Earlier in this chapter we
said' that as an aircraft electriciari, you are re-
sponsible for mainraining the electrical compo-
nents of landing gear systems. This means that

.9ou are'required to remove, replace, and adjust
the various Warning and control units used in
these systems. Althdugh it is not the inteht of this
course to teach you how' to do specific jobs, the
following' discussion will give you an idea 'of

*hat is involved in adjusting a typical landing gear
system component, such as a position switch. Be-
fore we start, however, let's briefly discuss some
of the safety factors involved in working on any
landing gear system component. First, always-
make sure that the downlock salety- pins are cor-
rectly installed in tlie tej,i- assembly and that the
landing gear control lever 4s in the GEAR DOWN
position. Next, make sure that all of the circuit
breakers for the gear you are waking on are

" pulled.Some of the circuit breakers.may have to
be reset to furnish power in the adjusting process.
It is also a good idea to -chrkic the gear position
indicators while powcr is gill on the aircraft to
insuire that the'y indicate that the gear is in the
do-wn-and-locked position. Finally, make sure that

you refer td ethe pertinent technical reference b-
fore attemptineagy maintenance on landing gear
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systems. Nshv we shall leain about the adjust-
merit procedure of- a position switch.

2-31. A typical position switch is shown in fig-
ure 7. The cover of the position switch box has
been removed .to expose the setscrew. The lock-
nut on the setscrew should be loosened and the
setscrew rotited counterclockwise seveial times to
insure that the position switch is gleactuated.

2-32. With hydraylic pressure applied to the
gear you are wotking on, the setscrew should be
rotated clockwise until' the switch actuates. At
this time the gear position indicator for this gear
should indicate that the geai is in the down-and-
locked position. ;

2-33. After the position switch has been ac-
tuated, continue to rotate the setscrew clockwise
a minimum of one complete turn and a maximum
of one and one-half turns.

2-34. Next, the Nactuator blade should be
diecked for its range'of travel. This is done with-
out hydraulic pressure to ,the gear. The actuator
'blade should first be moved upward to .deactuate
the position switch. At this time the gear pOsition
indicator should show an intermediate pCsition
(barber pole). On some aircraft, additional up-
ward movement of the actuator blade actuates
the position switch to a position that causes the
gear position indicator to show -a gear up-and-
locked position. Manually moving the actuator

3

a

f.

el '

14

4

POSITION SWITOI

IPIOILIWUC
ACTUATOTt

WOE TIN

O AClUATORNN

smut. FRANI

Figure.7. Landing gear

siTscnw

CSE 6307

'position switch.

blade downward should actuate the positkpn
switch and- the gear position indicatok ofild
show a gear dOwn-and-locked position.
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'Flight Control Electrical Systems

A IRCRAFT FLIGHT control sistems control
AL an aircraft in flight. Primary control surfaces,
such as the rudder, elevator, ailerons, and flaps,
are used to control directional movements. Power

'to movt these surfaces may be supplied by me-
chanical, hydraulic, electric, or electric-hydraulic
'means. Most aircraft use the hydraulic system to
'provide a boost to assist the pilot in the manual
operation of the rildder, elevator, and, ailerons;
electrical power usually operates the -flap sys-

tems.
2. Sometimes it is necessary. to make minor

correctIons in aircraft attitude during flight be-

Fause of the changes in the position of the center
of gravit?or wind direction. This may be done
by various trim control systems on the basic sm.
face controls. Sometimes the trim control system
involves movement of the entire basic control
surface, while .on other systems just a small tab'

or A on The main control surface is moved. A Alight
movement of this tab will cause the control sur.
face to which it is attached to be repositioned.
We shall `deVote this chapter to a discussion of

'the operation .and maintenance of trim control
circuits.

3. In the 'first, section of this chapter we shall

.. ' discuss the electrical circuitry pertaining to flap
systems. In the remaining two sections we shall
cover the circuitry pertaieing to trim control cir-
Cuits.

p

3. Wing Flap Control Circuits

let. For comparison, let's first discuss the flap

system on aircraft that has an inboard and an
outboard flap section on each wing, then a
flap system that has leading edge flaps and trail-
ing edge flaps,on each wing. Both flap systems
have the. same jdb: to add to the -lift of the
wipg in order to provide for shortened takeoffs
and' reduced landing speeds.

3-2. Whig.Inboard and Outboard Flap System.'
Reier to foldout I (This and FO 2-6 are printed

-and bound in the back of this volume.) for the fol-
lowing discussion of wing flap control vcircuits.

The four flap sections, one inboard and' one
outboard section on each wing, are driven simul-

taneously by, two motors incorporated.into a drive

power uniti-Attached to the drive power unit is
a flap limit switch assembly that contains five

adjustable Vm-operated "Microswitches"; the

right-hand (RH) EXTEND, the left-hand (LH)

EXTEND, the RH RETRACT, the- LH RETRACT, and

the FLAP WARNING SWITCH. The three-phase ic
motors are joined together by a differential gear-
ing. both motors usually operate together; how-

ever, the differential gears in the drive unit per-
mit the operation of the tin system by either
motor in case of a motor failure.

3-3. The control of the wing flap drive system

can be provided by two separate dc-powered con-
trol circuits. One circuit controls only, the right
motor and the other controls the left motor.
The wing flap control circuits originate at the
FLAP CONTROL LEVER. This lever provides OFF-

UP-DOWN positions with detents at the UP and

DOWN positions, and it mechanically buses the
two control circuits together. The control lever
must be lifted to clear the detent before it can
be moved away from any 'of these' positions.
When the FLAP CONTROL LEVER is placed in

the DOWN position both 'motors in the power
unit are' energized and the flaps 'are extended.
Placing the control legver in the UP position en-
ergizes the same motors and retracts the flaps.
Extension or retraction may -be stopped or re-
versed at any point in the cycle. The limit

'switches provide protection for both the UP and

DOWN positions..
3-4. A 'dc relay controls each of the two

motors (left and right) in the drive power unit.
Each of these relays contains two operating coils
with the contacts igred so as to reverse the phase
connections to the three-phase motors' and thus
control the direction of rotation-of the flap motors.

1-5. Thus, the components for controlling the
flap motor consist of circuit breakers; the flap
control lever, two control relays, and an EXTEND

LIMIT SWITCH and # RETRACT LIMI:1" SWITCW

throup which the control relays are energized.
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In addition, each motor has an internal brake.
The brake is spring-actuated to hold the flaps
in, a fixed position when the motor is not operat-
ing. The, motors contain a dc power-operated
brake `solenoid which is.energized to release the
brake When a torque switch inside the rotor
senses stifficient motor torque and actuates the
brake release "Microswitch."

3-6. At previously thentioned, the flap con-
trol lever operates four "Microswitches": two
"for the extend circuit and two for the retract cir-
cuit. Interruption of the control power through
opening 'of the EXTEND LIMIT Sw1TCH or the re-
turning of the flap control lever to the OFF posi-
tion will simultaneously open the control relays
and the brake circuit, causing the motor brakes

. to be applied to maintains any desiied flap posi-
tion.

3-7. Wh enever the aircraft is on the ground,
the FLAP WARNING SWITCH works in conjunction
with the throttle control, the LANDHCM GEAR SQUAT
SWITCH, and the FLAP POSITION WARNING:RELAY.
thus, the warning horn will sound whenever the
flaps are not fully extended and eit)ier number 3
and number 5 throttles or ouRiber 4 and number
6 throttles are advanced beyond a preset point
above the IDLE position (see FO 1). This warn-

, ing system uses the same warning horn as the
landing gear warning system. But, unlike the lan,d-
ing gear warning horn circuit, it cannot be,shut
off by a cutoff switch., .

3-8. To ingease the reliability of this flap
system, it has two separate control Circuits so that
if one fails the other will still tunction. However,
if one motor fails there is a 50-percent reduction
in the flap operating speed.

3-97Supersonic aircraft use a trailing-edge
and a leading-edge type of wing flap system.
This system is our next topic.

3-10. Leading-Edge and Trailing-Edge Wing
Flaps. These flaps are electrically- interconnected
by a control circuit and mechanically inter n-
nected by flexible drive shafts. A set, bf swithes
actuated by a single lever in the cockpit cortrols
the flaps. The leading-edge flap control circuit
comnonents are shown on foldout 2 and, consist
of a flap, actnator, a flap power relay, an H-BOX,
a flap control switch, circuit breakers and a flap,
lock motor assembly. The. leading-edge flap con-
trol circuit has a flap lock motor assembly; other-,,,t
wise, the components of this circuit and of the(
trailing edge are the same. Since bofti control
circuits are identical, we shall discuss only one

, that is, the leading-edge flap control circuit. Keep
in mind that both sets of wing flaps are used for
takeoferimirlYndings.

3-11. Operation of Leading-Edge .Flap Con-
so trol Circuit. When the flap control is i)laced

in the TAKEOFF (r.o.) position, dc power is ap-
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plied through the wING FLAP CONTROL Sw1TCH
to the closed contacts of the energized FLAP CONS
TROL BUS TRANSFER RELAY, and then to the
LEADING EDGE FLAP TAKEOFF CoNTROL RELAY,
as illustrated on foldout 2. The TAKEOFF CON-
hOL RELAY energizes' and dc power is then
connected through the. RETRACT LIMIT SwITCH
of the left leading-edge flap lock acttator motor
to the UNLOCKED FIELD of the motor. The motor
then begins to operate the jackscrews. (These
jackscrews do not move the flaps.) The retrac-
tion of the jackscrews pulls the cables to the
flap lock assemblies, disengaging the locking
hooks and arming (closing) the LEFT and RIGHT
FLAP LOCK CONTROL SWITCHES.

3-12. When the actuator jackscrews reach the
fully retracted position, the motor RETRACT LIMIT
SWITCH opens the motor circuit and the FLAP
LOCK MOTOR stops rotating. Also, the mOtOr RE-
TRACT' LIMIT SWITCH places dc power through

ihe-contacts (unlock position) of the FLAP LOCK
CONTROL SWITCHES and through the contacts 'of
the TAKEOFF CONTROL RELAY tO the TAKEOFF
LIMIT SWITCH ON) in the H-BOX. The dc power
from the DowN LIMIT SWITCH energizes° the
MAGNETIC BRAKE inside the H-BOX. The mag-
netic brake then releases the flap actuator jack-
screws (not those, operated by the flap lock
motor). At the same time, dc power from the
DOwN LIMIT sW1TCH energizes the LEADING-EDGE
FLAP POWER DN RELAY..

3-1'3. The FLAP POWER DN RELAY completes
the ac power circuit to the LEFT and RIGHT
LEADING-EDGE FLAP ACTUATORS. The magnetic
clutches in both actuators energize (engage), and
the flaps move toward die TAKEOFF position. The
actuators operate the flexible drive shafts which
rotate the shaft and cam mechanism inside the

3-14. When the flaps reach approximately 13°
down from the faired (retracted) position, the
DOWN LIMIT SWITCH in the H-BOX ohens and
flaps are stopped: Also the magnetic" brake is
engaged, and the magnetic clutch in each ac-
tuator is disengaged -when dc power is removed

the DOWN LIMIT SWITCH. This permits the
brake in the H-BOX to stop flap travel through
the jackscrews and the actuator motors coast to
a stop.

3-15. The select on of LAND (on some air-
craft 'this is called wN) position of the FLAP
CONTROL SWITCH again energizes the DN power
relay and actuators.. This time the flap travel
is 'limited by the DOWK LIMIT SWITCH in the
k-Box. The flaps are stopped approximately 28°
clown from the fame position.

3-16. The selection of T.0 position by the
FLAP CoNTROL SWITCH energizes the UP power
relay and the actuators. The phase rotations are

467
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reversed in the motors by the UP power relay
when the FLAP CONTROL 'SWITCH is moved from
the LAND position (see FO 2). The flaps retract
until stopped by the UP TAKEoFF LIMIT swITCH

yroin the H-BoX. In this case, the flaps are a roxi-
mately 13* down from the faired ptsit- n.

_3-17. The selection of ur position11 the FLAP

CONTROL SWITCH again energizes the VP power
relay and the actuators. Now, the flap travel is
limited by the tir LIMIT SWITCH in the H-Box.
The flaps are stopped at the faired position.

3--18. So far we have mentioned the function
of the actuators in these control circuits. Let's
stop for a moment and briefly discuss the main-
tenance of an actuator.

3-19. Maintenance of an Actuator. As you
know, an actuator is composed of a Motor con-
nected to a gear train that drives a flexible shaft
The motor-may be controlled manually or auto-
matically by limit switches, The type_of motor
doermines the capability of the actuator. '

3-20. Many. repair parts for actuators are pro-
vided in the form of kits. The stock numbers for
the repair kits and. for the nonkitted parts may
be found in S-00-1-1, Master Cross-Reference
Index. The-presence of a new part in a repair
kit usually eliminates the necessity of cleaning,
inspecting or reworking the equivalent part re-

ctricawise
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moved from the assembly which is being repaired.
If any part in the kit is to be inspected or tested
before installation, instructions for performing
these requirements are included. When a part is
not normally removed in the process of disas-
sembly, and it is serviceable, the part, need not
be removed)solely f9r the Rprpose of replacement
by a correspionding kitted part.,It is important that
the applicable technical order for overhaul instruc-
tions of an actuator be read and that the in-
structions be followed carefully. Disassembly and
reassembly of actuators should not be performed
without the applicable technical order.

3-21. Cleaning consists of washing all non-
electrical parts in an approved cleaning solvent.
This should be done in a ventilated area; other-
wise personnel may breathe the fumes, which
may be, toxic. Solvehts should not be used in the
presence of a fire, since some fumes are flam-
mable.

3-22. The wiring diagram of a typical ac-

tuator is illustrated'in figure 8. Notice how the
wires are placed and connected to eich electrical
terminal and component. The chart shown in fig-
ure 8 lists the size and length of each wire seg-
ment inside the actuator. The colored insulation
of the wire aids in identifying the wire installed
with the wiring on the diagram.

RED 'JUMPER

GREEN JUMPER

WIRE SIZE AND LENGTH

W.IRE
NO,

SIZE
AWG.

LENGTH
INCHES

A 18 3 1/2'

a 18_ 3 1/2

C 18 . 3

RED
JUMPER

20 4

GREEN 20 4 4
JUMPER

' COUNTER.
CLOCKWISE SWITCH

OREEN JUMPER
COUNTER.

CLOCKWISE SWITCH
RADIO NOISE

FILTERS
A I C

RED

Figure 8. Cutaway-elietrical actuator.
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3-23. The limit switches may require calibra-
tion or adjustment before the actuator is tested
for serviceability. In some cases, the limit switches
are set when the actuator iS installed'on the unit
it operates. During a no-load test, the actuator
should operate in a satisfactory mapnerfor ex-
ample, without unusual noise, without binding,
and without vibration. During a rated-load test,
and load curfnt should not exceed its limits.
This concludesouç discussion of wing flap con-
trol circuits; e shill now turn to the stabilizer
trim.control c1rçuit on the airplane.

4. Stabilizer Trim Control. Circuit
4-1. In this section, we shall cover the elec-

trical circuitry involved in the operation of the
horizontal stabilizer control system. The com-
plete system is shown in foldout 3; you should
refer to it during this discussion.

4-2. System Operation. The stabilizer is moved
to trim the aircraft by a jackscrew that is driven
hydraulically. However, the hydraulic system is
controlled by any one of three means. The nor-
mal control is by an electrical circuit, through
switches on the pilot's and copilot's control wheel.
The trim control wheeliprovides a manual means
of control, and the automatic pilot provides the
third method of control. The method of cootrol
that is used is determined by the STABILIZER
TRIM CUTOUT SWITCH. This switch is marked
NORM and CUTOUT and is shown in the NORM
position in foldout 3.

4-3. When the switch is in the NORM position,
the system is controlled by the electrical control
circuit. Placing the switch in the CUTOUT position
transfers system .control to the autopilot system.
The manual control can be used in conjunction
with either system; it is controlled by the trim
control wheel.

4-4. The STABILIZER TRIM SWITCHES are
powered by 28 volt dc from the circuit breaker
shown on the foldout juit below the STABILIZER
TRIM CUTOUT SWITCH. When either of the
stabilizet trim slXitches is moved to the NOSE
NAN position, current flows through the lower
contacts of the TRIM CUTOUT SWITCIr on
through the upper contacts of the AUTOPILOT
MANUAL STABILIZER TRIM OVERRIDE RELAY, and
on to the STABILIZER TRIM CONTROL DOWN RE-
LAY. 'The current does two things at this point:
it flows on to energize t aural and alsois
energizes the ON RELAY. e the DN RELAY
is energized, the triple set of contacts associated
MAI it closes, and three-phase power flbws
through these contacts to the three-phase motor.
Since the clutch was already energized, the motor
will turn the DRIVN FOLLOWUP JACICSCREW and
its associated mechanism. The gearing at 'the

upper end of this jackscrew turns an intermediate
gear which turns the FIXED FOLLOWUP JACK-
SCREW. Both jackscrew actions cause the con-
necting linkage to position a hydraulic metering
valve and thereby allow the hydraulic pressure
to drive.the hydraulic motors. These motors move
the STABILIZER JACKSCREW and thus move the sta-
biliter in a manner to trim the airckaft by causing
its nose to go down.

4-5. The only difference in operation when
thd STABILIZER TRIM SWITCH is placed in the
NOSE-UP position is that dc power is applied
to the opposite clutch winding. This clutch ag-
tiOR causes the DRIVEN FOLLOWUP JACKSCREW
to turn in the opposite direction, even though
the three-phase motor continues to turn in the
same direction. Of course, with the jackscrews
turning in the opposite direction, the linkage posi-
tions the metering valves in the opposite direc-
tion and the hydraulic motors turn the STAB*LIZER
JACKSCREW in the opposite direction ,to cause a

-up altitude.
.-Brakes are installed on the output shafts

of the hydraulic motors. These brakes are en-
gaged to keep the stabilizer' from "creeping" or
changing its trimmed position after the hydrauhc
motqrs stop.

4-7'Oper2tional Checkouis. Let's begin by
placing the STABILIZER TRIM sCUTOUT SWITCH in
the NORM position, as illustrated in foldout 3.
The proper movement of the stabilizer is checked
by moving theatrim switch to the NOSE-UP posi-
tion to trimfor a short distance from the 0°
position. The stabilizer leading edge should be
in the 0° position, as indicated by the Aecal on
the side of the fuselage. The stabilizer leading
edge should move down, and the trim indicator
should show the correct movement. This is ac-
complished when the NOSE-UP TRIM SWITCH is

depressed, and dc power is applied through tDe
trim, switch, and through the NORM position of-
the TRIM CUTOUT 'SWITCH. From there, the dc
power goes through a set of contacts on the
TRIM OVERRIDE RELAY, tO the TRIM CONTROL
UP RELAY, and to a clutch within 'the clutch unit.
The jackscrew should rotate When the TRIM CON-
TROL UP RELAY energizes and three-phase ac
power is connected to the actuator's motor. Also,
when the trim twitch is moved to the NOSE
DOWN position, the stabilizer leading edge should
move up and the trim indicator should show
the correct.movement.

4-8. Next, let's test to determine if the, cutout
circuits are in operation. This-test is perforined
with therrram CONTROL WHEEL in the 00 position
and the STABILIZER TRIM CUTOUT SWITCH in
the CUTOUT position. Neither the stabilizer nor
the manual trim wheel should move when the
trim 'switch ,is moved to the NOSE-UP of NOSE-
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nowN position. This concludes the operational
checkout. Two other features of this system that

should be mentioned pre the stabilizer trim heater

circuit and the brakes.
4-9. Trim lieater Circuit. If you look at'fold-

out 3, you can see the heating circuitry that keeps

the DRIVEN FOLLOWUP and FIXED FOLLOwUP

JACKSCREWS heated to prevent icing. These heat-

ing elements are of the rod type and are housed

inside the jackscrews.
4-10. Operational Checkout. The STABILIZER

NUT THERMOSTAT is a hermetically sealed unit

containing control and overheat thermal switches.

A 115-volt test lamp is used to check the opera-

tion of this unit. This test lamp is connected be-

tween the STABILIZER NUT THERMOSTAT and
A ground' before ac power is applied to the aircraft.

The test lamp should illuminate and the followup

screws should heat when the STABILIZER TRIM

HEATER circuit breaker is closed. After a short
heating period, the control switch should oppn

.and the test lamp should go out. The temperature
rangeof the stabilizer trim heater may be checked

by referring to the applicable technical order.
For example, the control switch may close below

45' to 55° F. and open at 55' to 75° F., with
an overheat switch set,.to open at 80° to 90° F.

When the temperature 'of the STABILIZER NUT

THERMOSTAT is above the operating range of

the control switch, the test lamp should not be
illuminated and the control" switch should be

opened.
4-11. Thc overheat switch may be checked

by pl cing a jumper wire across the terminals

of th st bilizer nut thermostat. The test lamp

should ome on and the follow-up screws should

heat when the stabilizer trim heater circuit

breaker is reset. After a short period of heating,

the overheat switch should open and the test

lamp should go out. To prevent possible personal

injury and equipment damage, the electrical plower

is turned off before the jumper wire and the test

lamp are removed.. This concludes our discussion

of the stabilizer trim control circuit. We shall now

consider another important flight control circuit,
the aileron trim control.

V 5. AilerOn, Trim Cbntrol Circuit

5-1. The ailerons control the movement of an

aircraft about its longitudinal axis. Moving the
control wheel, or stick, to lower the aileron on

one wing raises the aileron on the other wing.
The aileron trim control circuit is provided to as-

sist the pilot in maintaining the level flight attitude

of the airplane. Foldout 4 illustrates the aileron

trim control circuit which .will be used during the

following explanation. Let's begin by discussing

the operation; later we shall discuss the opera-
,

dons! checkout.
5-2. System Operation. The aileron trib tabs

are pationed by the aileron trim actuators. These

actuators are driven by the trim motor through

flexible drive shafts. However, the left and right
trim actuators and tabs move in opposite direc-
tions. That is, as the left tab moves up, the right

tab travels down the same distance. Since these
tabs operate in opposite directions, they jointly

aid in rolling the aircraft around its longitudinal

axis.
5-3. When the TRIM SELECTOR SWITCH is

placed in the STICK TRIM position, power is ap-

plied to the STICK TRIM LOCKOUT RELAY. When

this relay is energized, the trim system cannot
be operated since the electrical circuit to the CON-

TROL STICK TRIM SWITCH is open. This prevents
operation of the system when the hydraulic sys-

tem has failed. -Let's assume that hydraulic pres-

sure is normal. Under this condition: the relay
contacts, will be as shown and power is applied

to the CONTROL STICK TRIM SWITCH. Actuation

of this switch will direct power to the trim motor.

5-4. Should the aircraft require a right wing
down condition to maintain, level attitude, the

pilot actuates the CONTROL STICK TRIM SWITCH

to the R WING DOWN ( L WING up) position.
This directs power to the lower limit switch of the

trim motor, and the FIELD, ARM, and MAGNETIC

BRAKE are energized. The motor will continue to

run until the CONTROL STICK TRIM SWITCH is re-

leased or the trim motor reaches its limits and

the limit switch opens.
5-5. Regardless of thc degree of aileroll de-

flection, the control stick position will be the same

as it was when the trim was initiated. Toggling

the thumb-actuated control stick grip trim switch

to the left will producc exactly the same opera-

tion, but in the opposite direction.

5-6. With the aircraft on the ground, the elec-

trical sysrem energized, and the hydraulic sys-

tems under pressure', the takeoff trim indicator

lights may be energized either through the TAKE-

OFF TRIM IND SWITCH in the trim Motor Or by

the WARN LT TEST switch.

5-7. Normal operation through the motor

switch occurs whenever the trim motor is run to

the takeoff trim position of the ailerons and the

trim control is actuated. The indicator will .not

remain on after.the -trim control switch is re-

leased. To establish the takeoff trim position

of the ailerons, select either left or right trim
with the control stickgrip trim switch and hold

it until the trim indicator light momentanly'flashes

on, then off. Immediately release the switch, then
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toggle it for the opposite trim, but in small incre-
ments, until the indicator light flashes on. Imme-
diately release the switch, and the ailerons will
be in the,takeoff trim position. _

5-8. To test the takeoff trim indicator lights,
select the WARN LT TEST position of the test
switch. This provides an alternate source of

P

power from the dc emergency bus, energizing a
WARNING LIditiT RELAY Which directs power to the
takeoff trim indicator lights. The ground side of
the lights then passes through the energized
GROUNIS-AIR SAFETY RELAY contacts When the air-
craft is on the ground and,electrical power is on,
then to ground through the WUNING LIGHT RE-
LAY NO. 2 switch contacts.

5-9. The lights cannot operate once ,the air-
craft is airborne lecause of the landing-gear-ac-
tuated ground-air safety switch. This prevents
)die lights from disturbing the pilot's vision when
inflight trim of the aircraft is required With the
above circuits in, mind, let us discuss the opera-

, tional checkout,
5-10. OperationaL Checkout. Certain precau-

tions should be observed during this operational
check. The aileron trim system should not be
operated unless power is supplied to both the

electrical and hydraulic systems because other-
wise damage may result to the trim actuatOr
motor and the flex shaft. Before turning on the,

.ground power supply, all the switches and con-
trots Ahould be checked and moved to the
GROUND position, and WI the control surfaces
should be clear of obstructions. You should read
and understand all of the various cautions and
notes necessary for this system operation in the
applicable technical order.

5-11. With all the preparations completed, and
the power supplies connected, the aileron takeoff
trim indicator lights should not be illuminated if
the control stick is in .the neutral position. When
the maximum aileron travel is obtainbz1 by hold-.
ing the control stick trim control switch, the
aileron takeoff trim indicator lights should flash.
The maximum aileron travel and flashing of the
aileron takeoff *trim indicator lights should be
checked for movement in both directions. The

L

left aileron and right aileron should travel so
many degees, one up and the other down, and
adjustment should be made if the travel of each
is out of toleranceaccording to the applicable
technical order.
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Warning Circuits

rr E WARNING . systems inform the crew
I hether* or not the aircraft is in a safe con-

dition for takeoff, normal operation, or landing.
'Since no one can accurately predict .when a par-

.,. ticular piece of equipment is going to fail, warn-
ing systems are installed as d precaution. How-
ever, warning systems are not designed solely
for emergencies. They may serve as a' check on
components that are located out of_ sight of the
flight crew; they also tell the crew of 'operating
conditions that require some adjustment. The
warning unit may be a light, a bell, or a horn.

Warning devices are usually controlled through
Switches which may be operated by pressure,
temperiture, or a mechanical linkage. Sometimes

the switches are connected in parallel or series-
parallel to enable the operating personnel to

know, the_operating conditions of individual,por-
tions of the complete circuit.

2. Fire is one of the most dangerous condi-
tions on board an aircraft, so the firsepart of this
discussion will be concerned with the various

types of' fire warning systems.
,

6. Fire and Overheat Warning
6-1. In order to detect fires or overheat condi-

tions, detectors are placed in the various zones to

be monitored, usu-ally the engine and baggage
compartments of the more conventional, types 6f
aircraft or the engine section, nacelle, or tail cone_

or of jet type aircraft. There are four types of fire
deteetors currently in use: the thermal-switch, the

thermocouple, the photoelectric type, and the

continuous cable.
6-2. Thirmal Switch Circuit. The thermal

switch type of warning system consists of one or
more lights energized from the installation's power
supply system and a number of thermal switches
tfiat control operatiOn of' the light(s). These
thermal switches are heat-sensitive units that com-
plete an electric circuit when they are exposed to
a certain temperature. These thermal switches are

o. connected in parallel with each other but in series
with the warning light, as shown in figure 9.

..

CHAPTER 3

Whenever the heat rises above a certain value in
any,one section of the installation where the ther-
mal tkmitches are located, the overtemperature
fire warning light is illuminated by the closing of

`the thermal switch. Thus, the thermal switch com-
pletes a ground path for current flow. There is
no set number of switches require& the exact
number being determined by the aircraft.

6-3. Thermal Twitches. The Fenwal switch is
constructed with two silver contacts mounted on,
but electrically insulated from, curved nickel-iron
struts having a low expansion coefficient. See fig-
ure 10 for the details of congruction of the Fen-
wal switch. The contkt assembly is mounted in a
seamless drawn brass or stainless steel tube that
has a high coefficient of expansion.

6-4. The Iron Fireman switch is constructed
with a high-nickel steel rod located /along the
centerline of the tube, with one end of the rod
attached to the opposite end of the tube from the
mounting flange, as shown by the cross-sectional
view of the conitruction shown ia figure 11.

The other er4 of the nickel steel rod presses
against a switch blade so that it.holds a pair of
elecirical contacts in an open position. This as-
sembly is mounted in a ventilated stainless steel
tube that has a high coefficient of expansion.

6-5. When these switches.are subjected to heat.
both the shell and the internal elements will ex-
pand and a subsequent increase in overall length
will result. however, the relative increase in the
length of the shell, having a high coefficient of
expansion, will be much greater than that of the
internal `elemenrs assembly. The temperature at
which the shell expands lengthwise sufficiently to

,allow the switch contacts to close is considered
-the actuating point.

6-6. The maximum tolerances from the ac-
tuating point of the fire detector switches which

are acceptable are, as follows: For switches op-
erating below 300° F., the tolerance should be
plus or minus 15° F.; for switches operating.
above 300° F., the tolerance should be plus or
mintis 25° F.
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Figure 9. Thermal switch circuit.

6-7. Caution must be observed when handling
these units because the shell is the actuating mech-
anism. The.shell should never be handled with
pliers or forced into position either by hand or
with tools. Before, during, and after installation,
precautionary measures must be taken to insure
that the shell is not dented, distorted, or otherwise

-SAFETY SEAL
SHELL COVER 3

ADJUSTMENT SCREW

damaged. In addition, caution must be exercised
in securing the lockwasher and hex nut on the

-positive terminal of the switch. When securing
the terminal nut, a torque wrench must be lised.
A maximum of 20 inch-pounds torque can be
applied to this terminal yhen the insert is con-
structed of alumina (po elain) material. Ter-

Figure 10. Fenwal thermal switch.
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Figure 11. Iron Fireman thermal switch.

mints with inserts of Fiberglas material will
withstand only 15 inch-Pounds torque.

6-8. Upon installation of a new switch, the
outer shell could be visually inspected for evi-
dence of any damage which could change the
actuating point or prevent the switch from op-
erating. After the switch has been put into opera-
tion, it should always be kept free of dirt, dust,

' oil, grease, or any foreign substance which may
accumulate on the switch and change the amount
of heat required to actuate the switch.

6-9.,The thermal switches have different heat
ranges, so that they may be used in different
locations in the engine area.

6-10. The heat range for a Type E-2 detector
swikh, for example, is 300° F. to 750° F.,
whereas the range for, a Type E-4 is-from 100°
F. to 1,000° F. The type number of thedetector
switch can be located on 'the unit's mounting
flange.

6-11. Thermal .nvitch testing. Fire and over-
heat detector switches may be adjusted, by op-
erating personnel, to apy desired temperature
within the unit' s range by using one of the several
different models of calibrators and/or testers
available 'through normal Air Force Supply
channels. The following described procedures are
based on the use of the Fenwal high-temperature
test kit, which is a portable testing device de-
signed to provide convenient facilyes for adjust-
ing or checking the temperature setting of ,thermal
switches. The high-temperature test kit consists
of the test stand, a metal case, and a group of
accessories, such as can be seen by referring to
figure 12. The test stand includes the base, the
supporting aluminum rod, the control panel, and
the test block.

6-12. The test block is designed to provide

true ThkamoswiTgn temperature settings for
units mounted from the top of the test block using
the special therfhocouple assembly provided r()

measure temperatures. For convenience, a ther-
mometer is also supplied ..with this kit and pp-
visions have been made for inserting flange (air-
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craft) THEamoswrrch. units from the bottom of
the test block. The maximum test block exposure

Jemperatures are 1,200° F. for a 5-minute period
or 1,000° F. for 500 hours of operation. The
test block may be exposed to these temperatures
continuously for the specified period without detri7
mental effects.

6-13. Operating temperatures within the range
of 800° F. to 1,000° F. may be obtained by op-
erating the test unit directly on 115 volts ac. Ap-
proximately 20 minutes will be required for the
test block to reach 1,000° F. when starting
from room temperatures.

6-14. Operating teinperatures in the range 'of
100° F. to 800° R may be obtained by' using a
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Filmre 12.. Test 'kit with detector inserted from
bottom.



115-volt variable voltage transformer having a
115-volt, 500-watt output. The heating time in
this case is dependent on input voltage and the
temperature desired.

6-15. When the THERMOSWITCH unit has
been adjusted to 'room temperature (approxi-
mately 70° F.) an approximate temperature set-
ting can be obtained by rotating the adjusting
sleeve the proper number of turns for the given
unit. The approximate temperature adjustment
rate of THERMOSWITCH units can be determined
from the applicable technical order.

6-16. Thermocouple Fire Wattling Circuit. The
thermocouple fire warning system operates on an
entirely different principle than does the ther-
mal switch type. A depends upon
the rate of temperature rise a d will not give a
warning when an engine slowly overheats or a
short circuit develops. The system is composed
of a relay box, warning lightsand the thermo-
couples. The wiring of these units can be divided
into three cirants: the detector, the alarm, and
the test circuit, as shown in figure.13.'

6-17. Components. The relay box contains
two relays: the sensitive relay (item b) andthe
slave relay (item a). as well as the thermal test
unit (item c) in figure 13. Such a box may con-
tain from one td eight identical circuits, depend-
ing on the number of potential fire zones. For
example, a four-engine aircraft may use two relay
boxes, each of which contains six identical cir-
cuits. This aircraft may need twelve circuits if

each engine has three potential fire zones. The
warning lights are contrólled by the re4ys. In
turn, the operation of the relayt-is regulated by
the thermocouples distributed in the potentiaf

DETECTOR
CIRCUIT

fire zones. The fire detector circuit consists of
several thermocopples connected in series to each
other and with the sensitive relay coil. Figure 14
shows a sectionalized view of a typical thermo-
couple. This device is constructed of two different
metals: chromel and constantan. At the point
where these metals are joined and will be ex-
posed to the heat of a fire, we have what is
called a hot Awtion. The thermocouple also
has a: reference junction inclosed in a dead air-
space between two insulation blocks: Finally,
there is a metal cage to provide mechanical pro-
tection for the thermocouple without hindering
the free movement of air to the hot junction.

6-18. As the temperature rises rapidly, the
thermocouple produces a voltage because of the
temperature difference between the hot junction
and the reference junction. If both junctions are
heated at the same rate, no voltage will result.
In the engine compartment there is a normal
gradual rise in temperature from engine operation;
because it is gradual,,both junctions heat at the
same rate and no warning signal is given..lf there
is. a fire, however, the hot junctions will heat
more rapidly than the reference one. The result-
ing voltage causes a current to flow within the de-
tector circuit. At any time the current exceeds 4
milliamperes (0.004 ampere). the sensitive relay,
shown in figure 13, will close and complete a
circuit between the aircraft power system and
the coil,of the slave relay. The slave relay then
closes and completes the circuit to the warning
light, as showe in figure 13. The light flashes on
and gives a visual indication of fire.

6-19. As previously mentioned, the total num-
ber of thermocouples used in individual detector

I1 mlm.

TEST
CIRCUIT

ALARM
CIRCUIT

a. Slave relay b. Sensitive relay

Figure 13. thermocouple fire
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Figure 14. Typical thermocouple.

circuits depends on the size of the potential fire

zone and the total circuit resistance. The circuit
'resistance should never exceed 5. ohms. As shown
in figure 13, the circuit has two resistors. The re-
sistor connected across the terminals of the slave
relay absorbs the coil's self-induced voltage. This
arrangement is for the purpose of preventing arc-
ing across the contacts of the sensitive relay;
these contacts are so fragile that they would burn
or weld together if arcing were permitted. This is
how the elimination process works. When the
sensitive relay opens (fig. 13), it interrupts the
electric circuit to the slave relay and causes the
magnetic field which is surrounding the coil to
collapse back upon itself. When this happens,
the coil gets voltage through self-induction, but
since there is a resistor across the coil terminals,
there is a path for any current flow as a result
of this voltage. Thus, arcing of the sensitive re-
lay contacts is eliminated.

6-20. For testing purposes, an electrically
heated thermal test unit ts heated by operation
of the test switch. The heating of this unit fur-
nishes a current in excess of the 4 milliamperes
required 'for operation of the sensitive unit to
actuate the system and make the warning light
come cfa.

6-21. Polarity theck. The polarity of the ther-
mocouples should be checked after a power pack-
age change or repair, or following the replace-
ment of assemblies containing all or part of a fire
detecdon circuit. A fire detection-system tester or
the lowest amperage or voltage scale on the
standard dc volt-ohm-milliammeter is usually
satisfactory for a polarity check. The positive and
negative leads of therneter are connected respec-
tively to the positive and negative.leads of the fire
detection circuit involved. Check the circuit wir-
ing diagram. For the circuits Connected to plug

4

ternunals A and B, C, D, etc., the first lettered
terminal is positive and the second negative in
that orderfor all circuits. 'Heat the individual
thermocouples in the circuit successively by m:ans
of a hot soldering copper and check for meter
deflection. Be careful not to ground out the ther-
mocouple wiring with the soldering copper. If the
polarity is correct, the meter will deflect in a
clockwise direction. If meter deflection is coun-
terclockwise, reverse the connections on the ther-

d mocouple. The need for a polarity check is very
great, since a ieversed thermocouple will not only
fail to operate the system but it will have a
tendency to counteract the output of other.cor-
rectly connected thermocouples.

6-22. Photoelectric Circuit. This type of fire
detection system uses the varying resistance of a
photoconductiye cell in the detector unit to origi-
nate a fire signal. The detector cell Consists of a
glass envelope, inside which a coating of infrared
sensitive lead sulphide is deposited. The resistance
of the deposit changes rapidly when exposed to
the radiation emitted by a flame. The resistance
of the cell is in series with resistors of a resis-
tance network in the power unit. The network is

capacitance coupled to the grid of an inpUt tube
of the amplifier section of th power unit. The
power supply of the power uniCapplies a dc volt-
age across the series resistances. When eat flame
causes the cell resistance to fluctuate, a pulsing
dc signal is fed to the amplifier. The amplifier is
sensitive only to signals of a frequency between
7 and 60 cycles per second. It rejects signals
caused by radiation from sunlight and other
sources. If the input signal is within the frequency
range, the amplifier functions to energize the two
warning lights through a transformer. The light
burns steadily so that the warning signal can be
distinguished from an overheat warning, which is
usually a flashing of the lights. If the fire is ex-
tinguished, the warning lights go out as soon as
the flame disappears.

6-23. Series limiting resistors in the resistor-
mixing network of the power unit are arranged
so that an input cable from one detector can be
short-circuited or opened without interfering with
the-proper operation of the other detestors, (see
fig. 15). False signals resulting from Moisture
are prevented by the use 9f special harness for
the input cables and by hermetic sealing of the
power units. The input cables are also shielded
to prevent electrical noise from affecting the sys-
tem.

6-24. The test system makes a complete func-
tional test of the detection system. The selector
switch has positions A through G, correspond-
ittg to detectors A through G. A test light is
an integral part of each detector; as shown in
figure 15, operation of tht test switch merely
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closes, dc circuits to energize these lights. The
dc supplied to the lights is pulsed at a frequency
of 10 cycles per second by an interrupter type
test relay. The detector eells are highly sensitive
to a 10-cycle frequency; therefore, they originate
a signal in the same manner as if exposed to flame
radiation. The test light circuit permits individual
testing cif each detector. If the test switch is posi-
tioned at A, for example, each of the lights in
the five A detectors starts flashing. One A detec-
tor is located in each nacelle, and one is in the
gas ,turbine compressor compartment; therefore,
the lights should come on in all five of the fire
emergency handles. The lights in the three gas
turbine compressor detectors operate when the
switch is positioned at A, B, and C. The test
checks continuity of circuits, operation of the

individual detectors, and operation of the five
power units all at one time.

6-25. On some later aircraft a master fire

warning panel, located on the pilot's instrument
panel, has been added to the fire dete4ion sys-
tem. This panel was added so that a more-notice-
able warning signal would be given in case of a
fire or overheat contition. The sigral from a fire
detector is transmitted to a power unit in the
same manner as that just discussed. The power
unit then energizes a relay which closes a circuit

fr.. a FIRE WARNING LIGHTS circuit breaker on
th.,copilot's circuit breaker panel to lights in the'

fire mergency handle and the master fire warn-
\,

ing nel. T14e master fire warning panel is com-

mon t five fire detection systems and is ener-
gized vih any detector produces a warning
signal or wh the fire detector system test switch
isoperated. A ress-to-test feature is incorporated"
on the master e warning light. When the master
fire warning lig comes on, the fire emergency
handles must be ecked to,determine the loca-
tion of the fire or o erheat condition.

6-26. A Fireye te er with an okcilloscope or
VTVM may be used o help isolate troubles in
defective fire detection system circuits of the pho-
toelectric type. The tester provides easy access
to the power unit and detector circuit so that
flight line maintenance personnel can check the
fire detector circuit for continuity and sensitivity.

6-27. Operational use of this tester is to de-
termine detector system operation capabilities. A
detector output signal on ihe oscilloscope is de-
termined after selecting a detector position with

the test switch on the fire emergency control
panel and turning the selector switch on the
tester to the same detector position. To check

the detector circuit for electrical interference,
leave the test switch on the fire emergency con-
trol panel in the NORMAL position. Select a de-

tector position with the tester selector switch.
Check the detector cable for electrical interfer-

6./
ence by gently flexing the cable at each connector
while watching the oscilloscope or .VTVM for
signs of interference. Check the detect for elec-
trical interference by completely shie he de-
tector from light and checking th loscope
or VTVM for signs of interference. Interference
will appear on the oscilloscope as sharp spikes
of irregular length and frequency. Noise will ap-
pear on the VTVM as rapid movements of the
winter.

6-28. 'Continuous Cable Circuit. The continu-
ous Cable circuit fire detector system may con-
sist of two sensing loops in each nacelle: one for,-
ward, which is installed on the movable cowl
segments; and one aft of the firewall, which is

installed in the vicinity of the bleed air ducts
and between the tailpipe and the shroud. A sep-
arate fire detector control is provided, for each
sensing element loop. Test relays, flasher units,
and control boxes serve to interpret the signals
from the nacelle detector system and the gas
turbine unit (GTU) fire detector system. The
warning signal is then conducted to the indicator
lights in the handie of ehe ENGINE OVERHEAT &
FIRE CONTROL switches, and to the master fire
warning lights. A flashing signal on these lights
indicates an overheat condition, and a steady
continuous illumination indicates a fire condition,

6-29. The fire detector sensing loops are made
up of segments installed around the cowl and
the shrobd. These segments consist of a center
conductor imbedded in a semiconducting com-
pound and inclosed within a tube. The outer
tube is bonded to ground, and the resistance be-
tween the center conductor and the grounded
tube forms one leg of a balanced bridge circuit
in the bridge unit. The semiconducting compound
has a negative temperature coefficient; that is, as
its temperature riscs, its resistancedecreases. A
fire in the nacelle will cause the resistance of this
compound to decrease; and the current will flow
from the center conductor to ground in the
sensing loop. When a fire occurs, the rise in
ambient temrierature causes an unbalance in the
bridge circuit, as shown in figure 16, and,the re-
sulting current flow actbates a relay in the bridge
uni.,t, completing the circuit to illuminate the
master fire warning light and the warning light
in the control switch handle.

6-30. When the test switch, also shown in fig-
ure 16, is placed in the test position, it completes
the circuit to actuate the fire detectdr test relay
and ground out the detector loop. This creates
an unbalance in the bridge circuit, illuminating
the fire warning lights.

6-31. Let us -discuss the relationship of the
continuous cable circuits in a four-engina aircraft.
For reasons of siMplicity, figuee 16 shows only
one such circuit, In a four-engine aircraft there

N ,
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A

, may be four fire detection cable assemblies, ode
for each'engine: Each cable assembly consists of

number of 'sensing elements connected in series
with each'other. The cables used in each engine
nacelle may contain nine series-connected sensing
elements. Each cable assembly is routed through
Sits respective engine nacelle and around the en-
gine, following a path there fiie is mOst likely
to occur. Each sensing element consists of two
Inconel wires incased in a temperature-sensitive
ceramic material. The ceramic, matTrial is the
dielectric which insulates the wires from each
other at normal temperatures. One of the wires
is connected to a source of dc power, in a' con-
trol unit assembly, and the other wire is grounded
to the connectorfitthigs at each end of the sens-
ing element. The wires and ceramic material are
incased in a'shield made of Inconel, which is a
good heat conductor. When a fire occurs in one
of the engine nacelles, the resulting temperature
rise causes the electrical resistance of the ceramic
material to decrease. The decrease in resistance'
permits a small current to flow betweec the two
wires and to.ground.

6-32. Each, of the four fire detection control
assemblies'contains a Iingle-pole, single-throw re-

"lay, and a three-transistor relay control circuit,
and is connected to its respective fire detection,-
cable, fire pull switch, and .a source of 28-volt dc

power. When a fire occurs iTi oneyof the engnie
nacelles, the current' flow to ground causes' a
switching action in the three-transistor relay Con-

trol circuit 'and closes the relay. When the relay
inside the control assembly closes, a dircuit iacom-
leted between the 28-volt dc power distribution

panel and' the warning lamp in the handle of the
fire pull switch, causing the lamp to light. Ac-
livating the fire 1)1111 switch-, also shown in figure
16, closes the fuel and hydraulic .valves and stops
the'flow of 'combustible liquids t`o the engine.

6-33. The fire detection test switch is a push-
'button'type switch. When this switch is pressed,
a circuit is completed between tbe 28-volt de
power distribution panel and the actuating coil
of' the fire detecdon test relay. The fire detec-
tion test relay Pik a four-pole. double-throw re-

. lay. Each set of relay contacts is connected to
'its respective fire detection cable assembly and
fire detection control assembly. When the relay
is energized, the cable assembly in each, engine

nacelle is grounded to simulate an excesiive heat
condition to its respective control unit Assembly.

The warning lamp in each of the four fire .pull
switches will come on to indicate satisfactory

control unit operation and continuity through
Ikach cable assembly (see fig. 16).

6-34. Operational checkout of the continUous
cable detection system is conducted in two parts:
(1 ) the system checkout, and (2) the cable, as-
sembly checkout. The system checkout is con-

' ducted teach time a component of the system is

replaced. The cable assembly checkout is con-
ducted "Men a cable assembly is suspected of
having had ,its resistance value changed. The
checkout is cerhducted with the, aid of a megger.
Figure 17 shows the insulation resistance values
of each sensing element in each nacelle of a typi-

cal four-engine aircraft. Nptice the different values
of insulation resistance in the various stations of
each engine nacelle. For example, station 125,
engine nacelle Nr. 1, has a sensing element;
703084, that 1)s an insulation resistance of

0.1'67 megohm.
6-35. Disconnect the electrical harness from

sensing elements 703084 and 706060 At either, ,
sensing element, connect one megger lead to the
center conductor and the other megger lead to
the sheAth of the cable assembly ,with the-megger
set to the 500-volt output scale; the megger
should indicate an insulation resistance value
greater than 0.124 megohm for engines Nrs. 1,
2, and 3. For engine Nr. 4, the resistance value

should be greater than 0.247 megohm.
6-36, The, resistance of the sensing element

loop is /determined with a VTVM. By connecting
one vacuum tube voltmeter lead to the center
conductor of sensIng element 703084 and con-
necting the other voltmeter lead to the ceqter
conductor of sensing element 706060 with the
yoltmeter set to indicIte resistance, the VTVM
should indicate a resistance value of approxi-
matety 62 ohms for enOnes Nrs. 1, 2, and 3 and
approxiMately 48 ohms for engine Nr. 4.

6-37. This abncludes the discussidn of the ;Jar-

ious types of fire and overheat warning systems
you will encounter on most aircraft. As far as the
overleat systems are concerned, Most Of the air-
craft use thermoswifthes with the lower temper-
ature settings in the overheat detector *flit.
On certain aircraft there is a separate waining

for an overheat conditioh, while on other air-
craft it is combined with the fire warning light. In
these installations a flashiqg light indicates an
overheat condition, whereas a. ste,ady illumination
of the fire warning light signifies a fire congi-
don. Next, let's take up a typical mister warning
and caution system. A typical master warningj
system provides visual indication of malfunctions
in' such systems as takeoff warning, door warn-

ing, smoke detection, and emergency alarm
systems.
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7. Master Warning and
Cautidn System.

7-1. The master warning and caution system
provides the aircrew with a visual indication

of a malfunctioning airplane' system. Two kinds
of malfunction signals are furnished: the master
warning lamp assembly and its individual warn-
ing lamp assemBlies provide red warning signals,
and the master.caution lamp assembly and its
individual caution lamp assemblies provide yel-
low caution-signafi. The master warning and cau-
don systerd is equipped with a ground protection
feature that automatically prevents unnecessary
ground operation of the lamp assemblies by
opening the lamp ground pircuits when external
power is applied to the airplane. An override
switch is provided to override the ground protec-
tion circuit when it is necessary to have the
master warning and caution system in operation.
Let us discuss the components found in this type
of system.

7-2. Components. Both the master warning
lamp assembly and the master caution lamp as-
sembly contain three lamps connected in parallel.
The two lamp assemblies are connkted directly
to a source of 28-'vdc power. The 28-vdc circuit
to ground is completed through the switching ac-
tion of two point-contact transistors, which are
an integral part .of each master lknp assembly,
as shown in figure 18. The two lamp assemblies
are identical except for the different colored fil-
ters and the addition of a time-delay circuit within
the' master caution lamp assembly. The time-
delay circuit causes the master caution lamp as-
sembly to light approximately r second after
the individual caution lamp assembly has been

lighted.
7-3. Each individual warning lamp 4:sembly

and each individual caution lamp assembly con-
tain two lamps connected in parallel. Each- as-
sembly is connected to a source of 28-vdc power
through its own normally open fault switch. The
individual fault switch may be a pressure-oper-

ated switch, a thermal switch, a make-break
contact switch, or a relay. The internal circuits
of the warning and-caution assemblies are identi-

cal.

.
7-4. Light test rekry. The light test relay, as

shown in figure 18, is actuated by pressing' the
MALF & IND LIGHTS TEST Switch. When the relay

is actuated, a circuit is completed between the
28-volt power distribution panel and each of the

individual lamp assemblies. .When this circuit is
completed, both master lamp assemblies and each

individual lamp assembly are lighted. The masterl

warning and caution system ground protection
override switch must be in WARNING & CAUTION

IND GROUND CHECK position before lamps will
light.

7-5. Dimming relay A is actudted by momen-
tarily placing the MALF & IND LIGHTS switch in

DIM position. If the panel variacs (autoreset
switches) are both rotated 25° clockwise from

the OFF position, the relay will hold in the actu-
ated position after the dimming switch has re-
turned to neutral position. When the relay is

actuated, the ground is removed from each of the
lamp assemblies. The lamps within each lamp as-
sembly must then find ground through individual
resistors connected in series with each lamp and
ground. The lamps dim as a result of the voltage
drops across each of the resistors.

7-6. Dimming relay B is actuated by momen-
tarily placing the MALF & IND LIGHTS switch' in
DIM position. If the panel variacs are both ro-
tated 25° clockwise from oFF position, the relay
will hold in the actuated positiod after the dim-
ming switch has returned to neutral position.
When the relay is actuated, two circuits are com-
pleted. A 'circuit is completed from the 28-volt
power diStribution panel through terininals A2
and Al of dimming relay B and through termi-
nals X1 and X2 of dimming relay A. This is the
holding circuit, for dimming relay A, and the
relay-remains actuated after the dimming switch

returns to neutral position (see fig. 18).
7-7. Likewise, a circuit is completed from the

28-volt power distribution panel through termi-
nals A2 and Al of dimming relay B, through
the closed contacts of the switches in the right
and left panel variacs, and through terminals
X1 and X2- of dimming relay B. This is.th( hold-
ing circnit for dimming relay B, and the relay
remains actuated after, the dimming switch has
returned to neutral position.

1-8. There are two single-pole, single-throw

autoreset switches shown in figure 18. The switch
contacts close when ,the variacs are rotated ap-
Troximately 25° clockwise froin the OFF position.

The tvio switches are connected in series with
- each other. When' both switches are closed, tht

-holding circuit, for diMming relay B is completed.

/ 7-9. The MALF & IND LIGHTS dimming switch

is a single-pole, ado,ubla-throw, spring-loided
switch. The switch is held in a neutral position by

the -sprinicloading 'featura, When the switch is

momentarq placed,in the DIM position, dimming

-rrelay B is momentarily actuated. If the two auto-

-reset switches are closed, the relay remains actu-

ated after the dimming swttch returns to neutral
position.'When the slimming iwitcii,is-momentar-

il) placed in BRIGHT position, a.ground is estab-

lished which causes the actuating current to by-

pass 'the dimming relays and both relays are

deactUated.
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a push-to-make switch. When the 'switch is.
pressed, a circuit is completed between the 28-
volt power panel nd the' actuating coil of the
light test relay. Mhen this circnit is completed,
the light test relay is actuated (see fig. 18);

7-11. Fault swjches. Fault switches.' are as-
sorted types of itches or circuit-closiqg devices
in the master warning and caution system. They
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are used to indicate malfunctions in various loca-
tions in ihe aircraft, such as in the anti-ice, fuel
pumps, oil low, ac generator, hydraulic gumps,
or canopy unlock-components.

Master, warning lamp assembly. The"'
roaster warning lamp aisembly, also shown in
fignre 18, consists of an airtight container with a
red filter faceplate; three parallel-connected slight
bulbs, add reqtnred circuits to connect the light.



1'

buls to a source of 28-.vdc powei. The master
warning lamp assembly is lighted when any one

of the individual warning lamps signals is illumi-.

nated to indicate that trouble has developed
within its system. When the master warning lamp,
assembly is lighted, the words "MASTER WARNING

PUSH TO RESET" appear in red letters on the face
of the filter. When the master warning lamp as-
sembly is pushed, the lamp goes out and remains

out until a different individual warning lamp
signals of trouble within its system.

7-13. Each individual warning lamp assembly
consists of an airtight container with a red filter
faceplate, two parallel-connected light bulbs, and
required circuits to connect the light bulbs to a
source of 28-vdc power. When an Individual
warning lamp assembly is lighted, the callout of
the system in which trouble has developed ap-
pears in red letters on the face of the filter.

The lamp remains lighted Ptintil the trouble within
its system has been corrected.

7-14. Master caution lamp assembly. The

master lamp assembly consists of an airtight con-
tainer with a yellow filter faceplate, three paral-
lel-connected light bulbs, and required circuits

to connect the light bu4:is to a source of 20vdc
power. The master caution lamp assembly, is
lighted approximately 1 second after any one of
the individual caution lamp- assemblies signals
that trouble has developed within its system. The
time-delay feature and the yellow filter are the
only differences...between the master caution lamp
assembly and II Master warning. lamp assembly.

When the master caution lamp assembly is

lighted, the .WOLds "MASTER CAUTION PUSH TO

RESET" appear in yellow letters on the face of the
assembly. When the master caution lamp assem7

bly is pushed, the lamp goes out and remains

out until a different individual caution lamp sig-
nals trouble within its system.

7-15. The individual caution lamp assemblies
are identical with the indiVidual V.,arning lamP

- assemblies, except for the color of the filter.

When an individual caution, lamp assembly is

'. lighted, the callout of the system ip which trguble
has developed appears in yellow letters on the

, face of the assembly.
7-16. Master warning and caution system

ground protection override switch. The master
warning and caution system ground protection
override switch, shown in figure 18, is a two-
position bWARN'ING & C/iUTION IND GROUND

CHiECK and Nom) switch located in the ground
protection circuit between the external poweri
source and tke closing coil of the ground protec/
tion relay. When the override switch is in, the

NORM position, the closing coil circuit is corns
pleted and the lamp ground tircuits are openllo

When the override switch is in the WARNING &

33

.CAUTION IND GROUND CHECK position, the cloSh
ing' coil circuit is open' and the lamp gound.
circuits are completed.

7-17. The ground protection relay (fig. 18) is
used go open the ground circuits for the master'
warning and caution system lamps when< exter-

nal power is applied to the airplane. The' power
for the closing coil of the relay, supplied by ihe
external power unit, is routed through the ground
protectiod override switch. The ground protec-
tion relay is deenergized to complete the ground
circuits for the lamps when the aircraft is furnish-
ing its own electrical power or when external
power is being furnished to the aircraft and the
ground protection override switch is placed in the
WARNING & CAUTION IND.GROUND CH.ECK position.

7-18. Operation. When trouble develops within

an aircraft system, the faull switch closes. A cir-
cuit is comPleted from the 28-volt power distri-
bution panel through ,the fault switch, through
terminals F and C of the individual lamp assem-
bly, and through the normally closed contacts of

the dimming relays to ground (see fig. 18). When
this circuit is complete, /the individual lamp as-
sembly is lighted.

7-19. Each intgvidual lamp atsembly includes

a (ripping circuit That controls the voltage to the
associated master lamp. The tripping circuit al-
lows voltage to be applied ta. the master lamp
when a fault occurs in the airplane System being
monitored by the light. The tripping circuit main-
tains the application of voltage to the master
light until the fault is cleared or the master light

is pushed to tht RESET position.
7-20. When fault voltage is applied through

the individual lamp to thynaster lamp, the tran-
sistor switching circuit in the master lamp alldws
voltage from the apPlicdble MASTER fuse in the
28-volt power distribution panel to light the mas-

ter lamp (see fig. 18).
7-21. When the master lamp as+mbly is

phshed to the REAT position, a momentary type
switch in the master lamp opens the circuit from
the individual lamp, and the tripping circuit in the
individual lamp prevents reapplication of voltage /
to the master lamp until a fault develops within
another system. When another fault occurs, the
cycle is repeated.

7-22. When the MALF & IND LIGHTS i TEST

switch is pressed, t e light test relay is actuated.
A circuit is comp eted from the 28-volt power
distribution panel t rough the light test relay con-
tacts to terminal D of each individual lamp as-
sembly. From terminal D to ground the circuit is
the same 'as the, circuit(to which power is fur:
nisher through the fault switch. The, master
warning lamp assembly, the master caution lamp
assemblY, and each of the individual lamp assem-
blies are lighted when this circuit Is completed-
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(see fig. 18). Next, we turn to ihe operation ,of
the' various circuits that cause t1;e master warning
and caution system to operate.

.
7-23. Takeoff warning circuit. In the following

discussion refer to figure 19. The takeoff warn-
ing circuit monitors various systems'in the aircraft
through a set of relays. When the aircrAfris ready
for flight, a green light will illuminate on the main
instrument panel, ipdicating that the various cir-
cuits monitored by the takeoff warning system
are ready for flight. The relays monitored by a
typical takeoff warning system are: ' the door
open relay, the spoilers closed-relay, the thrust,
reversers extended relay, the thrust-reversers un-
locked relay, the flap position takeoff relay, the
horizontal stabilizer trim relay, the essential nevi-
.gator's bus relay, the isolated ac bus off relay,
and the isolated ac bus off indicator relay. The
flap takeoff positia relay is wired to a flap posi-
Von limit switch,' which closes only when the
flaps are in the takeoff position. 'rhe circuit con-
necting the relays with the takeoff warning indi-
cator circuit breaker passes through the nose
landing gear position switch. The circuit is broken

Thwhen the nose landing gear is tracted. e
automatic flight control .system ii c4lnnected into

e system throOgh the spoilers clo ed relay and
t'Fie essential navigator's bus relay. The autorlilot
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must not Se engaged before the TAKEOFF light
comes on. The itabilizer relay tnust be closed by
operating either the pilot's or copilot's hydraulic
pitch trim control handle ;Witch. The door open

, relay is monitored by the takeoff warning circuit,
so that if any of the doors are open, the green
TAKEOFF light will not come on. The TAKEOFF
light will not operate if the wing spoilers are de-
ployed., The wing spoiler system is connected to
the .takeoff warning system through the spoilers
closed relay. The thrust reverser system is con-
mected to the takeoff warning system through
the thrust reverses unlocked relay and the
thrust reverser's extended relay. The TAKEOFF
light will not come on if the thrust reversers are
unlocked or extended. The takeoff warning sys-
tem monitors the isolated ac bus and the navi-
gator's essential bus to insure that instrument
power is available.

7-24. Smoke detector warning circuit. The
smoke detector warning circuit is composed of
a number of detector devices, an amplifier, tat
selector switch, and waffling lights. The detectors
are mounted in varying parts. of the cargo com-
partment and under the flight deck. Essentially,
the detectors are composed of a light and a pho-
tocell. The light is shuttered so that the beam is
parallel with the face of the photocell. As long as
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the air is' clear, the light beam, c'annot react.. the
phiatocell. The amplifier sen4fs a , signal to the
CARGQ SMOKE lights on the flight engineer's panel,,
and the annunciator panel that identifies an indi-
vidual warning circuit. The signal travels from the
annunciator panel to the CAUTION lights on the
main instrument panel. If the ability of die air
in the detector to transmit light is reddced by
30 percent,. as in a fire, light %yin be r4lected
P the photocell to send a signal to the)amplifier.
The amplifier sends a signal to the CARGO SMOKE
lights on the flight engineer's panel and the an-
nunciator panel. The test switch in the circuit
shines' a light- directly, into the photocell in the
detectorthereby /testing the detector, the am-
plifier, and the CARGO SMOKE and CAUTION lights.

7-25. Emergency alarm bell .and warning 'horti
circuit. An emergency ,alarm bell and warning
horn systein is provided- to alert all personnel on
the aircraft if au emergency arises. The alarm'
bell and warning horn circuit consists of master
alarm bells, slave bells; an alarm bell switeh

a warning horn., A master alarm bell is located
in the control cal;in and controls the slave bells.
The slave bells are located in various parts of
the aircraft.

7,26. The master alarm bells niust operate to
provide a cyclic ground for the slave bells. The
warning' horn is energized when the alarm, bells
are turned on. When the alarm bell switch is op-
erated. 28 volts dc is supplied to the alarm bells
and warning horn from the battery relay and
circuit breaker panel. A capacitor is shunted
across the terminals of each master alarm bell
to prevent arcing at the bell contacts.

7-27. Door warning circuit. The door warning
circuit is provided' to warn the pilot if the crew
entr),-sloor or cargo door is not properly secured.
The circuit consists of warnink switches actuated

by the doors. warning lights, and a circuit

breaker on the main circuit breaker panel. When
all the doors are closed and latched, the warning
switches are all open and there is no ground for
the warning light circuit. With power on the air-
plane buses, the door waffiing coMe on

'if any of the ,doora are not closed and latched.

7-28. The door warning ciecuit has a-door
locked limit switch that indicates the closed con-
dition of the entry door. With the door open,
the switch contacts are closed, supplying a ground
to the DOOR NOT LOCKED indicator, causing the
light to illuminate. In some cases Jhen the door
is closed, it must be latched to give a door
locked indication. Antler switch in t arallel with
the door locked limit switch is required to be
actuated by the latch mechanism in order to turn
off the warning light. For example, if a crew door

is in the closed but not latched position, the
warning light,will remain on until the latch switch

is actua ted. On some aircraft this is'accomplished
by pushing in the crew door and placing the lower'
handle in the UP position. With the handle.in the
UP position, Vie dom...../4is latched and the latch';
switch plunger is depressed by the actuator arm
attaclied tope torque bar. This opens the ground
circuit NoVided by the switch and turns off the
warning ight. Foldout 5 shows the door warn-
ing circuits of d typical cargo type aircraft. These
door warning circuits are equipped with door
not locked indicators that may be located in the

Yflight station as well as in the cargo compartment. '

They are as follows:
CREW DOOIt NOT LOCKED light

4114' RAMP NOT LOCKED light .
CARGO DOOR SYSTEM ARMED light
PRESSURE DOOR AT LOCKED light
PETAL DOORS NOT LOCKED tight
LH TROOP DOOR NOT LOCKED light
RH TROOP DOOR NOT LOCKED light
STABILIZER ACCESS DOOR NOT LOCKED light

7-29. As shown In foldout 5 the indicators
will illuminate when their respective limitzwitches
complete a circuit to ground. ,Troubleshooting
these circuits will be discussed later in this chap-
ter? -

7-30. Some aircraft mr', have a pilot's and
copilot's paradrop and ADS (air dlop system)
indicator, panels. These indicators"gt listed be-
low:

EXTERNAL CL light

INTRANSIT light

PRESS OPEN light
PARA OPEN light'

PETAL OPEN light

7-31: The EXTERNAL Ct. light is illuminated
When the petal doors or auxiliary petal doors and
ramp are closed and loCked. This' light remains
illuminated until the pressure door is, closed end
locked. The INTRANSIT light is illuminated when
the pressure door locked limit switch is actuated
by unlocking thee pressure door. This light stays
illuminated until the ramp and petal doots are
completely open and the all-open relay is ener-
gized. When this relay energizes, the ground side
of the circuit is broken and the light is extin-
guished. The AUX OPEN light is illuminated when
the auxiliary petal doors and the ramp have
reached the end Of travel and the all-open relay
is energized. Tile circuit is grounded through the
all-open relay and the light is illuminated. The
PETAL OPEN light is illuminated 'when the petal
doors and ramp have reached the end of their
travel and the all-open relay is energized. The
circuit is grounded through the all-open relay,

and the light is illuminated. The position of the
wow SELECT SWITCH on the pilot's paradrop
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and ADS panel determines whether the AUX OPEN
light or the 'PETAL OtPEN light is illuminated.

7-32. The crew door interphone panel in .

eludes an' ARMED light, an INTRANSIT light, and
an ALL OPEN light. The ARMED light is illuminated
when the DOOR ARMING switch on the pilot's

,paradrop and ADS panel is positioned Ao ARM.
The INTRANSIT.light is illuminated when the pres-
sure door locks are actuated to the unlock posi-
tion, and it remains 1 uminated until the all-
open relay is energized the circuit. The

. ALL OPEN light is illuminated when the all-open
relay,ls energized. The all-open relay is ener-
gized (when t4e pressure door, ramp, and petal
doors or_auxiliary petal doors are open to the
desired positions. While we are in this area, let's
discuss a typical bailout warning system.

4

8. Bt'ailout Warning System

8-1. The bailout warning system provides the
'pilot with a means of communicating with each
crewmember. Each crewmenther has an amber
alert signal light, controlled by the pilot, which
provides sa flashing alert signal indicating that
bailout mu become necessary. Also, there is a
red warning signal light that illuminates when
bailout is ordered. When the CREtr HAS EJEdTED
signal light comes on, it tells the pilot that all the
crewmembers have ejected. The electrical circuits
that are associated with these lights are called the
bailout alert, bailout 'warning, ejection indication,
and mayday capability control. In the following
discussion, refer to figure 20 for the bailout
warning circuits.

/ 8-2. Alert Circuit. The bailout alert circuit
contains a switch, amber signal lights, and a
flasher unit. When the bailout switch, located in
the pilot's station, is placed in ALERT position, a
circuit. is completed from a 28-vdc power distri-
bution panel, through the switch, and through
the flasher unit to each of the parallel-connected
alert signal lights. The lights flash on and off as
long as the bailout switch remains in ALERT po-
sition. The flasher unit causes the bailoUt alert
lights to flash on and off at the rate of approxi-
mately 40 cycles per minuto.

8-3. Warning Circuit. The bailout warning cir-
cuit contains a switch and red signal lights. When
the bailout switch located in the pilot's station is
placed iil. the BAILOUT position, a circuit is com-
pleted from the 28-volt power distribution panel
through the switch to each of the warning lights.
The lights come on and rem,itron as long as the
bailout switch is in BAILOUT position.

8-4. Indication Circuit. The ejection indication
circuit contains switches and an indi6ation lamp
assembly. When the crewmembers eject, the
switches are closed, establishing a circuit between

N"

)

v
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70
the 28-volt power disiribution panel 'and the Indi-
cation lamp assembly. These are plunger-oper-
ated, double-pole, double-throw switches.

8-5. Mayday Capability Control. When the
bailout switch or the alert switch is positioned to
the BAILOUT or ALERT position, the aircraft may-
day relays are actuated. On aircraft with escape
capsules installed, the mayday relays are also
actuated when any one of the capsule doors is
closed. Actuation of the ryday relay will turn
on the emergency communication equipment in
the aircraft.

8-6. When the bairout and alett switches are
posjtionedçto OFF, the mayday relays are de-
actuated 4nd eperation of all systems is returned
to the ori 'nal configuration. .

8-7. If it should be necessary to eject from the
aircraft, the pilot's ejection indication switch wil
be deactuated when the pilot ejects..When t
ejection indication switch is deactuated, circuits
are completed to;piovide mayday functions plus
continuous radio carrier transmission to allow
additional time for ground stations to establish a
"fix" on the pilotless aircraft.

8-8. This concludes the discussion on warning
circuits. We have mentioned, in general, several
types of warning systems. Refer to the applicable,
TO for ,operational and troubleshooting checks
on a particular warning circui

9. Troubleshooting the
Warning Circuits

9-1. Normally all aircraft have some type of
warning system. The more modern aircraft have

.what is known.as a master warning and caution
system, and some of the multi crew aircraft will
also have a bailout warning system. These are the
two systems that will be discussed in this sectiorr.

9-2. Master Warning and Caution System.
The troubleshooting procedure fpr the master
warning and caution system is based on the re-
sults of an operational checkout. -Suppose, for ex-'
ample, that one or more individual lamp assem-
blies do not light when the MALF AND IND LIGHTS
test switch is pressed (closed). Refer again to
figure 18 for circuits on the master warning and
caution system. Looking at figure 18, you can
see that a probable cause could be that the
bulbs were burned out. If the bulbs are bad,
replace them. Another possible cause may be a
defective lamp assembly. With the bulbs removed
from the lamp assembly and the test switch de-
pressed, there should be 28 volts dc at each bulb
socket. If 28 volts dc is present at pin D and
zero volts present at each socket (see fig. 18),
then the lamp assembly is defective and should
be replaced or repaired. Another malfunction
might be as follows: 'during an operational check

4S7
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you discover that the master caution lamp as-
sembly does not 'light when the MALF AND IND
LIGHTS test switch is pressed. As shown in figure
18, there are many probable causes. A fuse may
be blown because of a short circuit or a hot wire
grounded. The light bulbs may be burned out, or
there may be an open circuit between compo-
nents. Now refer again to foldout 5 "DooF Warn-
ing Circuit."-Looking at this diagram, 4ou will
notice that limit switches open or close a circuit
to ground. Let us consider anothtr symptom and
the probable causes. Suppose the CREW DOOR
NOT LOCKED warning light will not go on. A
faulty resistor in the center fuselage J box may
be the cause. If placing the light control on
BRIGHT makes the light come on, then the resis-
tor is faulty and should be replaced. Another
cause could be a faulty door.Warning lights relay.
If the lights do not come on or are dim when the

38

control is placed to BRIGHT, the relay is faulty
and should be replaced.

9-3. Bailout Warning System. Troubleshooting
thie bailout warning system may be a,cconiplished
by the use of a PSM-6 multimeter or an equiva-
lent piece of test equipment that indicates voltage -
and continuity. Figure 20 illustrates a typical bail- -
out warning system. Suppose that none of the
amber bailout alert lights operate when the bail-
out alert switch is placed in the alert position"'
(bulb check good). By referring to figure 20, let
us begin by checking the fuse. If the fuse is
blown, it is very possible that there is a short
circuit of ground in the wiring between the
bailout alert fuse. and the lights. Another cause
may bt an open .circuit in the, wiring. Continuity..
should exist, and there should be no shorts or
grounds. If no kcontinuity exists, then check the
bailout alert switch, fuse, flasher, and wiring.

k
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°Fuel Systems

THE FUEL SYSTEM is one of the major air-
craft systems. The operation o, the aircraft

depends largely upon an uninterrupted ftrel sup-
ply. The number of electrical components used
in a fuel system necessitates a very thorough
understanding of system operation as well as

component function by electrical maintenance
personnel.

10. Main Fuel Systems
10-1. T,he information presented in this sec-

tion provides you with the knowledge required
for you to maintain, troubleshoot, and repair the
fuel system control circuits and the control system
components. A multiengine fuel system has been
selected for this discussion because this system
contains many components that will be found in
other types of Air Force aircraft.

10-2, System. Components. Control of the fuel
system is accomplished through the use of various
switches and indicators located on the fuel man-
agement panel and the auxiliary panel, shown in

figure 21. In the discussion to follow, all refer-
ence to component operation will be to num-
bered switches on,these two panels.

10-3. Boost Pumps/ In all there are 32 boost
pumps used in, this fuel system. There arc 4
pumps in each main tank for a total of 16, and
16 more pumps are located in the. various auxil-
iary'tanks. Both main tank boost pumps and aux-
iliary tank pumps are controlled by switches lo-
cated on the fuel management panel (fig. 21).
Four guarded toggle switches, marked MAINS 1,
2. 3 and 4, control main tank boost pumps. By
placing a main tank boost pump switch in the oN
position, all four pumps in that tank will start
simultaneously and supply fuel to an engine.

10-4. The auxiliary fuel pumps are controlled
by flow control switches on the fuel management
panel. The fuel flow control switches are of the
rotary type and control both the feed valves and
the auxiliary pumps associated with the selected
t ank

10-5. All boost pumps are *driven by 115/
39
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200'-volt, 400-cycle, three-phase ac induction
motors. The boost pumps are not repaired at the
local level. They must be returned to the depot
for overtpul where the proper test equipmenrist
availableN

ti 6. Fuel valves. There are several types of
vary used in a fuel system. Basically there are
three types of fuel valves used in the system un-
der discussion: motor-driven sliding gate, motor-
driven plug, and float type control valves.

10,-7. The fire shutoff valves are motor-driven
sliding-gate-type . valves. Each valve is provided
with an indicator, located on the valve, to pro-
vide a visual means of checking the valve posi-
tion during operational ..cheeks or when per-
forming system maintenance. The valves are
individually controlled by a microswitch actuated
by throttle linkage and by the fire shutoff switch.

10-8. The cross feed valves are motor-driven
rotary-plug-type shutoff valves. These valves are
powered by dc 'rim the aircraft bus through the
flow control switches. The flOW control myitches
are located on the fuel management panel. A
crossfeed valve is also provided with an indicator
located on the actuator. The switches for the
crossfeed valves are numbered 9, 10, 11 and 12
on the fuel management panel.

10-9. The auxiliary tank engine feed control
valves are rotary plug type valyes and are num-
bered 13, 14, 15 and 16 on the fuel management
panel. The valves are powered by dc motors.
When these valves are operated, two main boost
pumps in tke main tanks will be deenergjzed to
reduce main tank output, thus insuring auxiliary
fuel flow to an engine.

10-10. The system is also provided with two
motor-driven sliding-gate-type valves called inter-

connect valves. These valves aVw the left wing
and aft body tanks to be connected to the right
wing, mid body and the forward body, tanks. The
interconnect valves are controlled by switch num-
ber 2 on the fuel management panel. These
valves are open during refueling, defueling, and
fuel tra sfer operations.
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10-11. A main refuel valve, located in the re-
fuel manifold downstream from, the air refueling
and single-point refueling rfteptacles, isolatei the-
refuel manifold from the main fuel manifold. The
refuel valve is a sliding-gate type valve normally
operated electrically, an,d is controlled by the re-
fuel valve switch on the ,auxiliary, refuel system
panel. For emergency operation, the valve may
be controlled through a cable system by a refuel
valve emergency control level. The valve incor-
porates both open and plosi limit 'switches to
control valve movemcnt and operates a CI type
indicator located( on the refuel system panel.

10-12. The defuel valve is a motor-driven
gate type valve controlled by the defuel. switch
on the auxiliary refuel system panel. The defuel
valve switch is guarded to the CLOSED jesition
and is also marked GROUND AND EMERGENCY
USE ONLY. The defuel valve is nsed to defuel the
fuel tanks through the single point refueling re-
ceptacle.

10-13. Fuel level control valve. Each fuel
tank is provided with one dual fuel level control
valve, excepting the .Nrs. 1 and 4 "tanks, the out-

, board wing tanks, and the raft bodx tank, which
are provided with two. The pureose of"tach
valve is to admit fuel into each tank during fuel

servicing and to shut off fuel flow automatiCally

ottrua 1.v/ft
oury;,ART

24v oces..e.1 sE,CONGARY

S
24V

C:3711 SA nrutt-
IASTclt
REFU(L
SWITCH

when the tank is full, either by weight or volume.1/7
41.

Fuel can also be shut off at any level less than
full when the fuel flow- control switches are
moved to a CLOSED position or the master refuel
switch to OFF position., The valves are normally
held closed by spring action against the primary
diaphragm (fig. 22). To open the valve with fuel
pressure in the main manifold and the valve in
the CLOSED position, all three solenoids must be
energized and all three pilot valves must be

.opened. Failure of either poppet valve or any
one pilot valve to open should prevent the valve.
from opening. Moving the fuel flow control
switch fcir the affected valve to REFUEL position
should cause the primary and secondary poppet
valves and the lockout pilot valve to open. When

-fuel trapped both float chambers is drained,
graVity acting on each float should cause the pri-
mary and secondary pilot valves to open. Fi-
nally, when the three pilot valves and two pop-
pet valves are all open, the incoming fuel pressure
lifts the primary diaphragm and holds the valve

open. The valve may then remain open until
both floats" are actuated by the rising level of fuel
in the tank.'Both floats should act to close their
respective pilot valves whenever the tank fuel

level risesi to within 2.10 0.25) inches of the
fuel level control valve mo nting pad. Both floats

4 ,3, (
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Figure 22. Fuel level control.
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are actuated at the same level. Hence, the valve
is 'dual-float but not dual=level- actuated: When
the fuel level control Valves are closed by float
actuation, the tank is full by volume; however,
'such- a condition may never occur, depending
upon the temperature and density of fuel being
loaded. All fuel level codtrol valves are, con-
nected in'series with a switch located in the fuel
quantity indicator cr that tank between the
valves and electrical poWer Source. When the fuel,
quantity indicator pointer for any tank reaches
the red line, the switch opens, causin the if-
fected tank valves to close. A '

10-14. Fuel flow indicating system. A fuel
flow indicating system (see fig. 23) provides an
indication of no fuel flow for each auxiliary fuel
tank by flashing the associated amber fuel flow..
indicator light on the fuel system panel. The sys-
tem consists of da fuel flow indicator switch and
an amber indicator light for each auxiliary tank
altd an eight-channel electronic flasher The indi-
cating system is energized by placing the corre-
sponding auxiliary tank fuel flow control switch
to the FUEL FEEP position.

10-15. The fuel flow indicator switch is line
mounted in the fuel manifold for each auxiliary
tank. Since the manifolds are routed throughlothe
,fuel tanks or cells, the switches operate sub-
merged in fuel. The flow indicator switch incor-
korates a swing flapper which permits fuel flow
4in both directions for uel feeding or refueling.

42

When fuel flaw caus s the flapper to be moved in
the direc,tion of pu p discharge flow, a normally
closed micropvitch is opened. When tile flapper
is in the vertical no-flow position or when It is
moved in the direction of refuel flow the micro-
switch remains closed and provides a ground cir-
cuit for the associated channel of the no fuel flow
flasher unit. As the boost pump discharge flow
increases, the swing flapper shopld cause the
microswitch to open at, a flow rate above 800
pounds per hour ind close at a flow rate beloW
800 pounds per hour. N

10-16..An eight-channel 'electronioA con-
trollecitno fuel flow flasher indicates fuel flow
conditions in the auxiliary fuel system. When a
no-flow or reversezflow condition r xists, .the
no-flow indicator switch providei a ground cir-
cuit to a channel of the electronic flasher. As a
result, the flasher provides an intermittent ground
for the amber fuel flow indicator light on the
fuel system panel adjacent to each auxiliary tank
fuel quantity indicator. If a channel of the flasher
is energized by placing the corresponding auxil-
iary tank fuel flow control switch to FUEL FEED
position, the intermittent ground provided by the
flasher will cause the indicator light to cycle ot4
and OFF at a rate of 40 to 100 times per minute.
When normal fuel flow is resumed, the fuel flow
indicator switch remolies the ground signal from
the flasher channel, and the channel returns to
the monitoring condition.

4 9ei



10-17, A dual-purpose fnel flow indicator
amber light for each auxiliary tank is located on
the fuel system panel adjacent to the associated

fuel quantity indicator, The light flashes,,to indi-
cate a no-fuel flow condition during ,fuer feeding
and glows steadily to indicate closed fuel level

control valvesi during refueling. Brightness of the
Indicator lighl is controlled by the dimmer con-
trol unit Nr. 2. The auxiliary tank fuel flow con-
trol switch energizes the no-flow indicating circuit
when placed in FUELFEED position and actiates
the,fuel level control valve closed indicating cir-
cuit when placed in REFUEL position.

10-18. Boost pump pressure checkout system.
The boost pump pressure checkout system pro-
vides a means of ground checking individual
boost pumps in both the main and auxiliary tanks
to be sure that the pump discharge pressure at
no-flow is w hin the permissible range. The sys-
tem consists f a green indicator light, a control
switch, and a press-to-relieve switch on the fuel
system panel and a pressure .checkout pressure
switch, a solenoid valve, and a check valve. The
electrical schematic for the system is shown in
figure 24. Since the boost pump pressure check-
out switch samples pressure from the engine fuel
crossfeed manifold, pressure from the boost
pump to be checked must be routed to the
crossfeed manifold by opening the required con-
trol valves. Individual boost pumps are checked
by pulling and resetting the boost pump control
circui t breakers.

10-19. A dual-pressure s *tch contains two
independent switches which a ctuated at dif-
ferent fuel pressures by a single diaphragm. The

DIMMING
CONTROLr- - UNIT

L.
FUEL
PUMP PRESSUai
CHECKOUT

PUMP PRESSURE
CHECKOUT
iNOICATOR

.

switch for the main tank boost pump is set to
close the circuit to the green pressure checkout
indicator light on the fuel system' panel at 10

(± I ) psi fuel pressure and to open when the
pressure drops to 6 psi. The switch for the auxil-
iary tank boost pumps closes at 24 (± 1) psi and
opens at a nfinimum pressure cif 19 psi.

10-20. A three-position toggle switch on the
fuel system panel hiay be 'positioned to select and
energize the desired mieroswitch in the dual
pressure ;witch. The switch has MAIN, orF, and

AUXILIA positions. In the MAIN pesition the in-',
dicator light is controlled by the low pressure
(10 (± 1) pi) switch and is ufd while checking
the discharg pressurc of tile Main tank boost
pumps. In AUXILIARY position the high-pressure
(24 (± I ) psi) switch is used to check the dis-
charge pressure of thel auxiliary tank boost
purnps. When the switch is in the OFF position.
the checkout system is,deenergized.

10-21. A solenoid type drain valve is used to
relieve the pressure in the crossfeed manifold
after the checkout of each pump (set fig. 24).
The 24-vdc solenoid valve is controlled by the
press-to-relieve button. on the fuel system panel.
The solenoid valve control circuit is energized

and protected by the fuel pump pressure check-
out circuit breaker. When the Oress-to-relieve
button is pressed, the solenoid Valve opens; and
fuel from the crossfeed martifold is routed
through a theck valve into Nr. 2 main tank.

10-22. Wing tanks level warning system. A
red indicator light located adjacent to each ex-
ternal tank fuel quantity indiator is provided to
warn the pilot of an unsafe level of fuel in the

PRESS TO
RELIEVE
SWITCH

4

J
PRESSURE
SWITCH

CSS 7446

SWING CHECK
VALVEr""Thootri

SOLF14010
VALVE

TO
MAIN
TANK

Figure 24. Fuel boost pump pressure checkout system.
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outboad wing and/or external tanks. The indi-
cating system is controlled by cam-actuated safe
level switches contained within the fuel quantity
.Andicators. The switches for the external_and out-
board wing tanks open the electrical circuit when
the fuel quantity in the tanks is above safe level.

_The switches (for the main tanks) close the elec-
trical circuit when the fuel level in the Nrs. 1

and 4 main tanks is above 30 percent of tank
capaciLy and the level in Nrs, 2 and 3 main tanks
is abcve 50 percent of tank capacity. A green
band in the main tank's fuel quantity indicators
designates the range at which the safe levkl
switches open the electrical circUit. Operation of'
both the left and right wing tank level varning
lights .s identiekl. For example, power to the left
wing tank levelwarning light is routed in paral-
lel through the safe lev,e1 switches in the fuel
quantLy indicators for the external and outboard
wing tanks and through the auxiliary tank fuel
control switches Nrs. 17 and 18 when in the
FUEL FEED position. After, passing in parallel
througn these four components, the power is
routed in parallel through the safe 4'eve1 switches
in the Nrs. 1 and 2 main tank fuel quantity in-
dicators and to the left red indicator light. Since
power must pass through one of the main tank
fuel quantity indicators, the red warning light
cannot glow under any condition when both in-
dicators are in the safe level (green band) range.
With the mail tanks serviced above the safe
level range, the.red warning light will glow to
indicate an unsafe fuel load (if the external and
outboard wing tanks are not serviced to a safe
level).,The red warning light will glow to indi-
cate unsafe fuel use if either the external tank or
the outboard wing' tank' fuel control switch is
placed in FUEL. FEED position while the Nr..1
or 2 main tanks contain fuel above safe level.
Operation of the right wing tank level warning
light is idenal. -

J0-23. Operation. Basic fuel system operation
is pretty much the same for all types of aircraft.
It is .a matter of understanding the correct se-
quence of operation for each particular type of
aircraft. In this section of this chapter we will
discuss various subsystem opdations. This dis-
cussion will provide you with the knowledge nec-
essary to determine if the system is functioning
correctly.

10-24. E gine feed ciri.ui .. External power
should be c nected to the *craft and engines
1 and 2 start d. Main tank Nr. 1 toeele switch is
placed in the ON position. All four boost pumps
in tank Nr. 1 start and supply fuel to engines
I and 2.

10-25. Fuel will be fed directly from the aft
body tank to engines 1 and 2 by the use of the
following procedure. Locate switch Nr 28 on the

fuel management panel (see'fig. 21). On the face
of the switch ig an arrow. Place the switch so that
the arrow points away from the fuel quanuty
indicator for the aft body tank. As tilt .switch is
turned, the boost pumps in the aft body tank
will start and supply fuel pressure.to Ave
13. Place switch Nr. 13 so that the white line
on theface of the switch 44bs up with the white
flow line on the fuel management parlel. Fuel
will now be fed from the aft body tanli-to en-
gines 1 and 2. When switch Nr. 134* turned,
two boost pumps. in the main tank will be de-
energized.

.
10-26. As the fuel supply in the aft body tank

begins to run low, the amber light- next to its
kel''quantity indicator will begin to flash: This
tells the crew that the aft bogy tank is no loneer
feeding fuel and should bt wined off. and a new A
tank selected o feed fuel to the engines.

10-27. At this Roint fuel will be fed from the
forward body tank .to engines 1 and 2. Locate
switch Nr. 25 and turn it so that the arrow points
awl'y from the tank. This will'cause pumps in the
forward body tank to start pumping fuel. Follow
theiflow line down to switch NI% 29. This switeh
must be turnedsp that the line on.the face of the
switch lines up with the flow line on the manaoe-
ment panel (see fig. 21). This will cause valve
29 to open and allow fuel- to be fed to engines
1 and 2 through valve Nr. 13, which is already
turned to the OPEN position. When the forward
body tank fuel,flow drops below 800 pounds.
the amber light for the forward body tank will
flash, indicating that the tank is no longer feedine
fuel, and switch Nr. 25 shoad, be turped off.

10-28. Fuel- should not be fed from the out-
board wing tanks or external tanks unless the
main tank quantity indicators are in the grecn
band range. If fuel is pumped from these tanks
with pain tanks above the green range, ,the
red wing tank warning light will come on, indi-

tcating an unsafe wing 'eroding condition. This
Yt ondition can also be caused during the Intl
operation. From this explanation it can be seen
that filel can be routed many ways depending
on the position of the switches located on the
fuel management panel. It will be necessary to
use the TO whcn working on the fuel system
for information as to component operation and
wiring data.

10-29. Single-point refueling circuits.. When
the aircraft is to be refueled on the ground, the
single-point refueling receptacle Jocated in the
left forward wheel well is used. With a fuel line
connected to the receptacle-the master switch is
placed in the ON position and the refuel valve
control switch is placed in the OPEN position.
(See fig. 21.) This will allow fuel under pressure

Isouenter the refuel manifold. Swisgh Nr. 29 must
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now be placed in the OPEN position (white line
on the face of the switch must line up with the
fuel flow line on the management panel) so that
the left wing and aft body tanks can be refueled.
Assume that main tank Nr. 1 is to be refueled.
Switch Nr. 19 must be turned to aline the linelm.
the switch with the fuel flow line on the man-
agement panel. This will allow fuel flow control
valve 19 to open and cause fuel flow to tank
Nr. 1.

10-30. When switch ?NIL 19 khperated, power
will be applied from the master refuel switch
through switdhes Nr. 19, then through the fuel
qu tity indicator, to energize th primary and
sec dary solenoids in the fue evel control
val e. allowing it to open. (See fig. 22.) At the
sage time, a ,circuit will be completed through
switch Nr. 19 to the amber light. With the valve
open and fuel flowing throqh the valve into the
fank, the amber light will be out. As the tank
reaches the full mark, the floats will close their
respective ports and fuel pressure will close- the
valve. The amber light will come on, indicating.
to the crew that tank Nr. 1 is full and that switch
Nr. 19 should be closed. The amber light for the
main tank does not flash at any time.

10-31. To refuel an auxiliary tank, place the
switch for. the tank to be refueled so that the
arrow on the, switch points to the quantity indi-
cator for that,lank. (See fig. 21.) When the
auxiliary tank ig full, the valve will close and the
amber light will come on, indicating that the tank
is full and that switch for that tank should be
turned off. It must be remembered at this point
that the fuel level control valve will close as a.
result of a definite weight or volume of fuel and
cause the amber light to come on.

10-32. Fuel level control valve checkout sir-
cuit. With the mister refuel switch in the ON posf-
tion, locate the refuel level checkout switch on
the same panel, place it in the PRIMARY position,
and with fuel pressure in the manifold, select
tank Nr. 2 and place switch Nr. 20 in the 'OPEN

position. This will cause the primary chamber to
flood. The float will then close its, port, and fuel
pressure will close the valve. The amber light
will come on, indicating that the primary side of
the valve checks correctly. (See fig. 22.) To
check the secondary side of the valve, place the

refuel level checkout switch in the SECONDARY
position. This will cause the secondary chamber
to flood. The secondary float will close its port
and cause the fuel pressure in the manifold to
close the valve. Again the amber light will come
on. indicating that the secondary side of the valve

is correct.
10-33. When external fuel pressure is used to

perform the fuel level control valve checkout, it

will be necessary to place the refuel yalve switch'
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in the OPEN position. The fuel flow control

'switches for the external and outboard 'wing
tanks have spring-loaded guards to 5eqEs the
switches' in the OFF position and preve011nad-
vertent olieration. This is necessary because the
fuel load in these tanks affects wing loading.

10-34. Boost pump pressure checkout circuit.
'The fuel system is provided with a boost pump
pressure checkout circuit to determine that the
pump dischme pressure at no-flow for the main
tank and auxiliary tank boost pumps is within
permissible range: The control switch for the

p sure checkout circuit is located on the co-
pilo 's side of the forward instrument panel. The
swikh is a three-position toggle/switch marked
"MAIN," "OFF," and "Aux." The control switch
for the solenoid valve marked "PRESSATO RE-
LIEVE" is located on the copilot's side of .the
forward insjrument panel. The green pressure
check light is located next to switch Nr. 10 on
the fuel management pai and is marked
"PUMP PRESSURE alECKOUT.:

10-35: When the pump pressure "checkout
switch is placed in the MAIN position and the cir-
cuit breakers fOr pumps 4, 6, and 7 are opened,
then The control switch for tank Nr: 1 should be
placed in jhe ON position and switch Nr. -10
placed to tile OPEN position. If pump Nr. 5 is

putting out iTs rated presyle, the green light
will come on (see fig. 23).

. .

11. Air fueling Circuits

11-1. Mahy. USAF aircraft are provided with
an air refueling system to permit takeoffs with
smaller gross weights, and once airborne, to ex-
tend the range of operation by replenishing the
fuel tanks from a flying boom-equipped tanker
Aircraft. .

11-2. System Components. The air refueling
system consists of a signal amplifier, control
panel, control switches, 'emergency, disconnect
'switches, three indicator lights, slipway lighting
systems, and an air refueling receptacle. The air
refueling system can be operated manually

Automatically 'by the pilot or copilot.
11-3. The signal amplifier is the heart of the

'air refueling circuit, and is actually an electronic
three-position switch. Each time a signal is sent
to pin F of the amplifier, it switches to the next
position. The three positions are READY FOR CON-
TACT, CONTACT MADE, and DISCONNECT.

11-4. The indixtion coil, located-in the air re-
fueling receptacle, couples the receiver aircraft
signal circuit to the tanker aiecraft signal circuit.

Any discon ect signal fram the tanker or re-
ceiver aim!. ft will be transferred through4e in-
duction .co' , and an automatic disconrIWt will
take place.
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11-5. The slipway door control valves are
_solendid-actuated hydraulic valves. The valves

control the slipway door hydraulic actuators. The
normal slipway door control valves receive hy-
draulic pressure from the left body hydraulic
system. T4e alternate slipway door control valves
receive hydraulic pressure froth the right body
hydraulic system.

11-6. A solenoid-operated slipway drain valve
is.provided for the drainage of residual fuel after
air refueling is accomplished 'and the slipway
doors are closed. When the slipway doors are
closed and the air refueling relay is deenergized,
the drain valve opens and drains residual fuel
from the slipway and receptacles.

11-7. The ttvo toggle control valves are sole-
noid-operated and are mounted on the hydraulic
panel located to the left of die air refueling re-,
ceptacle. The normal toggle control valve is ac-
tuated by the air\ refueling circuit, and the alter-

rate toggle control valve is acluated by a manually
controlled toggle latching switch on the air re-

"°. fuding panel.
11-8. A fuel pressure disconnect switcii,

caied in the cabin refuel manifold scavenge sys-
tem sealed box at thd single-point refueling
receptacle, is accessible from the forward wheel
well. The pressure switch provides-v disconnect
signal to the signal amplifier and the looker when-
ever fuel pressure exceeds 69 ± 3 psi. The
switch is leak-proof and explosion-proof.

'11-9. Operation. When the master switch is in
the os position and the slipway doors are closed
and locked, the amber light (not shown) will be
on. When the normal slipway door control switch
is placed in the oPEN position and the signal am-
plifier power switch in the NdRMAL position,
power t%/ill be supplied to the OPEN Solenoid of
the nornpl slipway door,hydraulic control valve
and throbgh the signal amplifier power switch to
pin A of the signal-ampliper. As the slipway door( opens, the latch limit switches will actuate and
the slipwaji doors CLOSED AND LOCKED amber
light will go out. The normally open latch limit
switches remove power *from the slipway door
relay and the amber light when the slipway docks
open. The sig al amplifier, energized through pin
A, supplies oltage from pins C to tkie slipway
door opey1imit switches, from pin E to the nor-
mally o en toggle shaft limit switches, and from
pin H to the normally open plunger limit switch.
When the doors reach the fully opened position,
ihe slipway door Spen limit switches (see figure
25) actuate and cause the READY FOR CONTACT
blue light to come on. The air refueling system is
now ready to receive the tanker boom.

11-10. When the tanker boom nozzle seats in
the air refueling receptacle, the nozile actuates
the plunger limit switclir completing the circuit

from pin H of the signal amplifier to the h drau-
lic toggle latching normal control valve rid the
CONTACT mADE green light. As the to lofts
rotate to the boom latched position, the tqtgle
limit switches are actuated: Ai a result, powet*
supplied from pin, E of the amplifier through th
actuated toggle limit switches fo pin F on the
amplifier. This places the amplifier in the contact-
made condition, removing power from pins C ind
E, causing the fEADY blue light to go out. In the
contact-made abndition, the signal amplifier sup-
plies voltage from pin J to one toggle limit switch
and from pin H through the plunger limit switch
to the CONTACT green light. The boom is now in

° place, and fuel can be transferred from the tanker
to thq fuel tanks in the receiving aircraft.

11-11. A disconnect signal to pin F of the
signal amplifier can be caused by any one of the
following conditions:

Actuation of the disconnect switches on the
pilot's or copilot's control wheel.

Actuation of a" disconnect signal by the
tanker boom operator through the signal coil in
the refueling receptacle..

Excessivt fuel pressure in the refuel cabin
martifold, Wrich causes the pressure disconnect
switch to actuate.

A break in conTret between the boom noz-
zle and receptacle, causing the toggle shafts to
rotate and actuate the toggle limit switch to the'
unlatched position.

When excessive movement of either the re-
ceiver or tanker aircraft causes the tanker boom
to exceed envelope limits, a disconnect signal is
initiated by the tanker signal system.

11-12. When a disconnect signal is received at
pin .F of the signal amplifier, the amplifier is
placed in the disconnect position and the DISCON-
NECT amber light will come on. Power is re-
moved from pin H, deenergizing the toggle nor-
mal control valve, and the CONTACT green light
will go out. With the toggles released, the dis-
connect signal, transferred to the tanker through
the induction coils, causes the tanker refueling
boom to retraet and the disconnect is completed.

11-13. Momentarily pressing the signal ampli-
fier reset button on the air refueling panel re-
moves power from the signal amplifier and places
the amplifier in the ready-for-contact condition.
The DISCONNECT amber light will go out and the
.READv blue light will comt on. The signal ampli-
fier may also be retu*ig,fg,t, the ready-for-
contact condition by placing' tlia."-master refuel
switch momentarily in the of*, then back to the
ON position.

11-14. After air refueling is completed and a
disconnect has been made, the slipway doors
are closed by placing the normal slipway door
switch in the CLOSE position. When the doors
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close and latch, the latch limit switclig will actu-
ate, energizing the slipway door relay and caus-
ing the SLIPWAY DOORS CLOSED AND LOCKED am-

.. ber light to come on. The energized slipway door
relay opens the holding circait for the normal
air refueling relay, deenergizing the close sole-

. noid of the slipway door control valve. When the
master refuel switch is placed in the OFF position/
power is removed from the air refueling control
panel, and the SLIPWAY DOORS CLOSED AND
LOCKED amber light will go out.

,

,.

12 Fuel Scavenge Circuits

12-1. Two separate fuel scaven e systems are
provided to remove fuel trapped 1j n the refuel
(cabin) manifold and main ma old after the
aircraft has been refueled either y air refueling
in flight or single-point refueling on the ground.
The cabin manifold is forward of the refuel
valve, and the main mainfold is aft of the refuel
valve. Scavenged fuel from the cabin manifold
is returned to main tank Nr. 2, and main mani-
fold scavenged fuel is returned to main tank
Nr. 3.

12-2. System Components. The scavenge sys-
tems consist of a scavenge pump, shutoff valve,
float switchjnd a control switch and amber in-
dicating lights located on the copilot's side of
the forward instrument panel.

The scavenge pumps are 115-vae capacitor
motor-driven pumps with output of approxi-
mately 2 gallons per minute. The scavenge pump
for the cabin maiifojji is located inside the scav-
enge system hich surrounds the single-
point çpflfg receptacle in the forward wheel
well. The main manifold scavenge pump is lo-
cated below the center wing tank in the forward
side of a fuel and vaportight equipment shroud.

12-3. Each fuel scavenge pump is controlled
directly by a,r60,e6i switch located in the scavenge
drain line. e float switch is an inclosed unit
containing a magnetic type float in a fuel cham-
ber and a single-pole, double-throw, normally
open switch in the sealed upper chamber. When
the switch closes, the pump control relay should
be energized and the scavenge pump will operate,
provided the fuel scavenge control switch is in
either CABIN or MAIN position.

12-4. The cabin manifold shutoff valve is lo-
cated downstream of the float switch in the scav-
enge drain line. The valve is a normally closed,
solenoid-operated, gate-type valve. Operation of
the Salve is controlled by the adjacent float
switch.

12-5. The main manifold shutoff valve, lo- .

cated upstream of the float switch, is a normally
closed, solenoid-operated, shuttle-type 'valve. The
valve yill open when the scavenge system con-

- ......

48

783

trol switch is moved td the MAIN position regard- .
less of the float switch position.

12-6. Operation. The scavenge syste1zfi control
switch is a. three-position switch. Three positions
are CABIN, OFF, and MAIN. Placing the switch in
the CABIN position should produce no results
whatsoever, unless the refuel manifold scavenge
float switch contains fuel. If thee float switch con-
tains fuel, moving the control switch to the CABIN
position should energize the refuel manifold
scavenge shutoff valve. The amber FUEL IN MANI-
FOLD light adjacent to the control switch should
come on when the manifold contains fuel (and
t-,niaster refuel switch is in the OFF position),
regardless of the control switch positionThe
shutoff valve should remain open, the pump
should operate continuously, and the light should
stay on as long as fuel is present in the float
switch or until the scavenge systerh control switch
is moved tp the OFF position or the master refuel.
switch is placed in the REFUEL position.

12-7. When the scavenge control switch is /
placed in the MAIN position, the main scavenge
shutoff valve should open regardless of the float
switch, and the FUEL IN MAIN MANIFOLD light
should come on regardless of whet er the main
manifold contains fuel or not. A seconds
later,if the main manifold contains fuel, the ris-
ing fuel in the float switch float chamber should
cause the float switch to close, energizing the
pump control relay which in turn will energize
the interlock relay. When this occurs, the scav-
enge pump will operate continuously. The sh
off valve will remain open, and the FUEL
MAIN MANIFOLD light should stay on until all fu
ie rdmoved from the.float switch float chamber.
When the float chamber is emptied. the float
switch contacts will open, causing the pump
control relay to be deenergized, the shutoff valve
to close, and the FUEL IN MAIN MANIFOLD light
to go out. The scavenge system control switch
should be returned to the OFF position. To be
sure the main manifold is completely scavenged,
the scavenge system control switch should be re-
turned to the OFF position to deenergize the in-
terlock relay and then return to .the MAIN posi-
tion again to cause the shutoff valve to reopen.
If the scavenge pump is energized by this action,
the pump is pumping fuel away from the float
switch faster than gravity flow can refill the float
switch float chamber.

12-8. The same condition may exist in the
cabin refuel manifold scavenge system; however,
the recycling will probably occur automatically
provided the scavenge system control switch
remains in the CABIN position. In either scavenge
system recycling is undesirable, and the source
of difficulty should be located and corrected.
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CHAPTER 5 .

Power Plant and Related Control Circuits

rr HE POWER PLANT is a very important
1 part of the aircraft. Without it the aircraft

would never leave the ground. The, Mop you
know- about the power plant the easier your job
will be to maintain the systems you are resixin-
sible for. We do not intend to make an engine
mechanic out of you. EIwever, we would like
equip you with enough knowledge to be an out-
standing electrician.

2. To start an engine, elearic power is needed.
Both the starter and ignition system depend on
sufficient electric power at the correct time. Once
the engine is running, certain conditions must
be maintained; these will be our major concern
in this chapter.

3. Points of discussion will include the starter
systems, auxiliary components, ignition systems,
and some related power plant control systems.
A thorough knowledge of the systems covered
in this chapter will make you a be,tter electrician.
This is what the Air Force is looking for. To get
things started we will discuss the starter system.

13. Starter Systems
,

13-1. If you study your job description in

PM 39-1, you will learn that, you are required
o maintain and repair starter systems and com-

f ponents. This means that you must be completely
familiar with the operation of both dc and ac
starters as well as fuel-air and pneumatic starters.
Since it is very probable that you will be re-
quired to work on jet engine systems, this chap-
ter will give you the kuowledge necessary to
troubleshoot or perform oereional chkks on a
variety of jet engine systems.

13-2. Your dulies as an aircraft elecfrician
also require you to maintain starters and actua-
tors. You must be able to test these units after
overhaul or repair, so you must be familiar with
the procedures to be followed in using the test
equipment. Let us start the discussion with dc
starters.

13-3. DC Starters. As yOu learned earlier in
this volume, a motor is a device that changes

Vg'

_electrical energy into mechanical energy. Now,
let's see how dc motors are used with engine
starters.

13-4. Direct current starters use series motors
because they have high starting torque. You *will
recall that series Ators are advantageous for
applications in which there can be widely varying
loads and extieme speed changes. In case your
memory needs refreshing, let us briefly review a
few facts, aboiA series-wound dc motors-. You
will see immediately how well suited they are for
use as starter motors.

13-5. In the series -gray, as you recall, the
field and the armature are connected in series
and thesamei current passes through both. This
last point is an important one to remember. If the
load' causes -a change of current through the
armature, it also affects the current in the field
coils. Up to the point of saturation of iron, the
field flux is almost directly proportional to the
armature furrent. The equation for torque is:

T = 1.12

(T stands for torque, K for circuit constant, and I
for the armature current). Thus, in a series motor
the torque produced is proportional to the square
of the armature current: if the armature current
is doubled, the torque is quadrupled. For ex-
ample, if the torque is 40 foot-pounds at 25 am-
peres, at 50 amperes it would be 160 foot-
pounds. From this simple problem you can note
that because the torque rises very rapidly as the
current increases, a series motor is particularly
useful when a high starting torque is required.
How do these facts apply to turning an engine?

13-6. As the motor starts, before it has built
up any cemf, the current is high and, so is the
resulting torque ju3t at the same time it is thost
needed. However, it should be pointed out that
armature reaction and saturation of the iron both
tend to prevent the torque from increasing as
rapidly as the square of the current, as shsyn in
the torciue curve in figure 26. To take just one
&ample of the figure, observe that if you check
the torque at 5 amperes, ycc find it to be 3.5
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foot-pounds. But at 10 amperes the torque is
12 foot-pounds instead of having quadrupled to
14 foot-pounds.

13-7. Sd much for the torque. But how about
the speed of a series motor? How is it going to
be affected by ihe varying field flux? For the
answer, it is necessary to review a few points
about electric motors. If the load on a series
motor goes up, so does the current flow through
it. To allow this additional current to flow, the
motor cemf must go down. Ifand that is a big
IFthe field flux remained constant, the neces-
sary decrease-1n cemf could be brought about
ty a slight reduction in speed, as is the case
with the shunt motors. The flux, however, does
not remain constant but increases almost propor-
tionately to the armature current. That is, if you
double the load, you practically double the field
flux. Hence, you must decrease the speed still
further to make up for this increase in flux.

13-8. On the other hand, as the load on a
series motor is reduced, the field flux decreases.
The motor speed,must now increase in order to
generate the required cemf. Therefore, when
there is no load on the series motor and the
field flux is very low or almost zero, the speed
rises to a dangerous point. In fact, the motor
may be damaged if it runs so fast that the arma-
ture coils are thrown out of their slots in the
armature.

13-9. Because an unloaded or lightly loaded
series motor may virtually run away from itself,
it is always connected to its load by a shaft or
gears. When testing a series-wound motor with-
out the normal load of a gear train, always use
one-half of its normal 'rated voltage, or less, as

' specified in the pertinent technical order. We
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Figure 27. Jaw type engaging mechanism.

should add one more point while we are still on
the general discussion. Since large currents are
encountered in the operation of series motors,
all their energizing circuits are handled through a
8-8 type solenoid.

13-10. Much of the preceding introductory
material to dc starters has been a review. The
chief purpose is to fill in any needed gaps for
the specific discussion and to show why series
motors re well adapted for use in starter sys-
tems. Now we may turn our attention to the
methods used to engage a starter to the recipro-
cating engine.

13-11. Jaw type engaging mechanism. With this
design, when the motor is energized, it is en-
gaged directly to the flywheel by a movable jaw
located on a helically splined shaft at the power
output end of the motor. (See fig. 27.) When
the motor armature starts to rotate, the starter
jaw will tend to remain at rest. As the motor
shaft turns, the motor jaw will move, forward
along the shaft until, it engages a corresponding
jaw on the flywheel. When the energizing current
is 'removed from the motor, the motor jaw starts
to slow down, whereas the stored energy in the
flywheel tends to keep it rotating at a high speed.
As a result, the two jaws are mechanically disen-
gaged and a spring, which was compressed as the
motor jaw originally moved forward, forces the
motor back to its rest position on the shaft.

13-12. One of the most common troubles with
this type of mechanism is that the motor jaw
sometimes binds on the armature shaft and will
not engage the flywheel jaw. Consequently, per-
sonnel often allow the motor to "race." As a
result of energizing the starter while the flywheel
is still turning, excessive damage, principally
shearing, may occur to the teeth of the jaws.

13-13. Roller clutch engaging mechanism. In
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this arrangement, thee sLter motor is 'engaged
to, and disengaged from, the starter flywheel by
means of a roller clutch that fiti snugly inside
the flywheel, as shOwn in figure 28. As you can
note in the drawing, a slight rotation of the
motor shaft forces the rollers of the clutch out
against the inner surface of the flywheel. The
latter is equipped with a hard steel insert. When-
ever the motor rotates more slowly than the fly-
wheel, the rollers are freed and the motor is au-
toivatically disengaged. If the aircraft is equipped
with this mechanism, you do not have to wait for
the flywheel to come to a stop before reener-
sizing the starter motor.

13-14. Fuel-Air and Pneumatic Starters. Some
jet aircraft use special starters th.A operate on
bbth fuel and air, or .air alone for engine starting.
In effect, this means that the aircraft is not depen-
dent on external sources of air for starting the
engines. These starters are so 'designed that they
may be used as self-contained units, or may be
used as conventional pneumatic starters. Let us
start the discussion with the fuel-air type starter.

13-15. Fuel-air starter. The fuel-air starter is a
small jet engine which is used to energize the
turbine discs. The starter burns jet fuel in an in-
tegral combustion section and utilizes the energy
released in combustion to drive a turbine. The
latter, through a gear reduction clutch arrange-
ment, drives an output shaft. The unit is designed"
to produce the torque required to accelerate a
turbojet or turboprop engine from rest to a
speed of 2300,2500 rpm within a given time.

13-16. The starter is mounted on the engine
so that- the output shaft engages the engine
starter drive. Fuel is taken from the engine sup-
ply, electricity for ignition and control compo-
nents are supplied by the aircraft electrical sys-
tem. The compressed air needed for starter
operation is taken from either an air bottle in-
stalled in the aircraft 'or from an external source.
The flow of air to the starter is controlled by a
solenoid-operated air shutoff valve located in the
air duct. This valve is controlled by a switch lo-
cated in the aircraft cockpit. All other controls
for the operation of the starter are mounted
within the unit.

13-17. The starter accelerates the engine to
2300-2500 rpm (35-percent engine rpm), at
which time a set of centrifugal type switches on
the starter terminate the starter combustion. In
the event the starter overspeeds and the cen-
trifugal switches do not open, an emergency cut-
out switch on the turbine prevents the starter
from exceeding 2800 rpm. The starter clutch
arrangement consists of an overrunning-disengage
sprag type clutch that disengages when the en-
gine accelerates to a speed greater than that of
the starter, and a slip type clutch which mini-

mizes the initial torque shock on the drive
coupling at the beginning of each starter oper-
ation.

13-18. The driving member of the clntch ar-
rangement is geared to the starter mechanism,
while the driven member is geared to the engine
starter drive throughr a drive shear coupling.
Thus, when engine starting rpm is reached and
energy input into the starter is terminated, the
starter mecha4sm coasts to a stop, while the
member of the clutch which is connected with the
engine continues to turn with the engine. The
unit is equipped with a shear pin which is de-
signed to shear under extreme torque.conditions.
The pin will prevent damage to the starter or to
the engine. This concludes our discussion on the
mechanics of the starter.

1,3-19. We mentioned earlier that some air-
crift are equipped with an air bOttle for starting.
This type of installation has an air storage bottle
with a solenoid-operated control valve installed
on the outlet, and an electric motor-driven air
compressor to charge the storage bottle. The
bottle stores enough air for two or three starts of
the fuel-air starter, depending on the initial
chyrge and the ambient temperature. The com-
pressor automatically recharges the bottle.

13-20. The air compressor cirCuit, shown in
figure 29, consists of a motor-driven, piston-tYpe,
compounded air compressor; moisture separator;
pressure switch; priority valve; cycling timer;
heaters; check valve; and pressure-relief valve.
The operation of the compressor is controlled by
the pressure switch. When the air pressure in the
bottle drops below 2800 ± 100 psi, the pressure
switch closes and completes the circuit from the
115- to 200-volt ac bui to the compressor motor,
thus energizing the three-phase compressor mo-
tor. The compressor motor will continue to op-
erate until the pressure in the bottle reaches
3000 -J.: 100 psi. At this time the pressure switch
opens and breaks the circuit to the motor., The
air to the compressor is supplied from the air-
craft pneuatic supply system manifold through
the pressure\ regulator. The regulator maintains
the pressure at approximately 16.7 psi. The suc .
lion relief valve in the compressor supply line in-
sures adequate air supply to the compressor if
the pressure in the supply line should drop below
the ambient pressure.

13-21. Now notice the cycling timer. This unit
opens the drain valve in the air moisture separa-
tor every 10 to 12 minutes to keep the system
free ormoisture. Also included in the circuit is a
thermal switch, which is set at 40° F. When the
temperature in the air moisture separator reaches
40° F., the thermal switch cioses, completing the
circuit from the 28-volt dc bus to the heater. This
prevents freezing of any wa:er eaat may -collect
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Figure 28. Roller cic1f engaging mechanism.

in the moisture separator before the cycling timer
operates. Now let's see how the starter system
operates by examining figure 30.

13-22. The operation of the starter is auto-
matically controlled by the units in the control
box located on the rear of the starter. The items
that are correlated through the control box, as
shown in figure 30, are the tilne-delay switch,
burner high-pressure switch, centrifugal switches,
and the control relay.

13-23. To .operate the starter, the ignition
control and start switch must be placed in the
GROUND START position; the fire switch should be
in the NORMAL position. This will energize the
fuel-air start power control relay. Power is now
supplied to the starter control box. The control
relay is energized by a 28-volt circuit, which is
completed through the normally closed contacts
of the pneumatic time-delay switch, and through
the centrifugal cutout switches and the second
set of,Contacts on the interlock relay.

13-24. When the control relay closes, power is
supplied to the air supply sOlenoid valve, the fuel
solenoid valve, and the ignition ekciter, and
through the third set of closed contacts on the
interlock relay. At this time the fuel accumulator
is opened by the ail` pressure from the starter
line. Cpmbustion then occurs, and a buildup of
chamber pressure closes the low-pressuke switch
which removes the control of the systemarrom the
time-delay switch and also from one set of con-
tacts of the interlock relay. After a period of ap-
proximately 1 second, the time-delay switch en-
ergizes the interlock relay. This turns off the
ignition to the starter.

13-25. When the starter reaches cutout speed
(2400 ± 100 rpm), the gear box centrifugal
switch (also shown in fig. 31) breaks the control
relay holding circuit and stops the starting cycle.
This type of starter is critical on the starting
limitations. The limits of temperature restrict the
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ability of the fuel-air starter to make repeated
combustion starts. Normally, two start attempts
within a 1/2-hour period will produce temperature
tapproaching the maximum allowable value. If
Iwo starts are attempted within a 1/2-hour period,
a third attempt can be made after a 1/2-hour cool-
ing period provided 1650-psi air pressure is avail-
able. Successive start attempts may be made,
provided a 1/2-hour cooling period follows each
attempt. In the event you should want to cut. the
1/2-hour waiting time, it is permissible if external
cooling is used. The starter is cool enough for I
start attempt if the bare hand can be held on the
starter gearbox.

13-26. Pneumatii starters. Another type of
starter you will no doubt have to work on is the
pneumatic or pure-air starter, illustrated in figure
31. This starter is designed to .provide the re-
quired torque and speed necessary to start a tur-
bojet or turboprop engine. It is mounted on a
specially designed pad. The starter output shaft is
mechanically coupled to the jet engine starter
drive. The starter is driven by compressed air,
ducted through a combination pressure-regulating
and shutoff valve to the starter inlet. This com-
pressed air may be supplied, from either ground-
operated or air rne gas turbine auxiliary power
units, or by bled from the compressor of
another engin in a multi-engine aircraft. The
compressed air is supplied to the starter through
a pressure-regulating and shutoff valve which will
maintain the 'specified inlet air pressure.

13-27. When the engine starting speed is
reached, the starter must be shut off and the
drive disengaged. To accomplish this automati-
cally, two centrifugal cutout switches (fig. 31) '
are included on each starter, one driven from the
starter side and one from the engine side of the
clutch. The cutoff switches include a set of fly-
weights driven by one clutch gear. These fly-
weights actuate a cutoff switch to break the cir-
cuit to the air start solenoid 'when the starter
shaft speed reaches 3400 rpm. This shuts off the
supply of air to the starter turbine, a spring
disengages the clutch, and the turbine rotor stops
rotating. The output shaft continues to run with
the engine.

13-28. The starter control valve (valve actu-
ator) is an air-operated butterfly valve, function-
ing as both a shutoff valve and a pressure-regu-
lating valve. High-pressure air from an auxiliary
air compressor, or compressor discharge air of
another engine which is running, is connected to
the pneumatic system pressure side of the starter.
When the regulating and shutoff valve is closed,
air can pass through the filter, the restrictor, and
tha pilot valve and is, vented overboard to pre-
vent the starter from operating.
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13-29. Now let's discuss how the starter op-
erates. When the ignition control and start switch
(as shown in fig. 31) is plaeed to the GROUND
START position. the starter valve solenoid valve is
energized, closing the air port of thc pilot valve,
th'us allowing air to be vented to the top side of
the v,alve actuator. Since this is _called a helical
cam, as the spring is depressed, it will open the
regulating and shutoff valve. The air is thus di-
rected from the pres-sure of the pneumatic system
to the starter turbine wheel. The starter now is
operating.

f
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RC 7101
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13-30: To keep the air pressure on the tur-
bine wheel constant and to maintain the detired
starter speed, a regulator valve is used. Notice
that one end of the regulator is connected to the
starter case and the other end is connected to the
pilot valve by a mechanical linkage. If the pres-
sure within the starter becomes too great; the

pilot valve will allow part of the air to the
actuator valve to be vented overboard. Thiso,in
turn, will close the shutoff valve and will stop the
air flow to the starter.
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Figure 30. Fuel-air starter control system.

13-31. Another controlling device which is in-
cluded in the starter consists of the centrifugal
switches nientioned previously. When the starter
speed has reached its maximum limit, the centrif-
ugal switches break the ground circuit to the
start relay. At the same time, the pilot valve
opens, shutting off the air flow.

13-32.. The starting limitations for the pneu-
matic starter vary with each manufacturer; how-
ever, you should never overoperate the starter.
Most starters have 11/2-minute maximum oper-
ating time, followed by 1- to 3-minute cooling
period.

13-33. Cartridge pneumatic starter. The car-
tridge pneumatic starter provtdes a self-contained
source of power for cranking jet engines to the
high speeds necessary for starting. "Self-con-
tained" means that the starter has the ability
to start the engine without the support of ground
equipment. The starter is essentially a gas-driven
turbine wheel coupled to the aircraft engine
through a reduction gear system and an overrun-
ning clutch. The clutch disconnects the starter
gear from the engine shaft, following a start,
so that the engine will not drive the starter.
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13-34. Energy for driving the turbi
starter is supplied from any of three sources:
expanding gases from the burning of a solid pro-
pellant charge, bleed air from an operating en-
gine on the same aircraft, or low-pressure air
from an external air source (such as an MAIA
trailer). Thus, I:he cartridge pneumatic starter,
offers the advantages of a self-contained system
and the flexibility 'of the conventional low-pres-
sure pneumatic.starter diScussed previously. Since
you are already familiar with the operating char:
acteristics of pneumatic starters, let ys discuss the
operation of a cartridge pneumatic starter.

13-35. A schematic of the starter is shown in
figure 32. When the Cartridge is ignited b'y the
cartridge squib, the burning gases released by the
cartridge flow into the turbine section of the
starter, as indicated by the arrows. At the same
time, air is, drawn through the air inlet (dotted
arrows) and mixed with the cartridge gas. As the
turbine wheel is accelerated, its rotary motion is
transmitted through the reduction gear train and
the output shaft to the engine (see fig. 32).

13-36. Normally, when a cartridge is ignited,
the energy from the cartridge is absorbed by the
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aircraft engine. The starter produces torque until
the cartridge is spent. When the cartridge is spent,
the starter coats to a Stop and the engine, now
at greater than self-susiaining speed continues
to accelerate to idle rptn. It should be noted that
once the cartridge is .ignited it will continue to
burn, and there is no way to terminate the cycle.
It is obvious, thed, that various protective devices
are necessary to protect the system from over-
speed or overpressure conditions.

13-37. The safety disc, shown in figure 32,
is located between the cartridge assembly and the
exhaust of the starter and provides protection
against mtrpressure conditions. Although the
breech of the stIrter (tbe part that holds the car-
tridge) is capable of withstanding 3000-psig pres-
sure, the safety 'disc is designed to rupture be-
tween 1600 and 2000 psig. When the safety disc
ruptures, the cartridge gas is vented into the ex-
haust. Some of the gas is still applied to the tur-
bine wheel, ,but the turbine wheel now Produces
less power and the engine may not start.

13-38. The pressure-relief valve, also shown
in figure 32, provides protection during over-
speed conditions of ige starter. Overspeed of the
starter is most commonly caused by a sheared
shaft, but it may also be caused by a faulty

cartridge that burns too rapidly. If the starter goes
into an overspeed condition during the starting
cycle (start switch on), the overspeed switch
contacts of the overspeed governor close and com-
plete a circuit to the pressure relief squib. When
voltage is applied to the pressure-relief squib,
the squib fires and ruptures the pressure-relief
valve. This vents ,the cartridge gas to the exhaust
of the starter and reduces the speed of the tur-
bine wheel.

CAUTION : The pressure-relief squib should
always be handled with extreme care. Wear safety
glasses and gloves when handling the squib. Ex-
cept when it is connected into the circuit, the
lead's of the squib should be shorted together to
prevent inadvertent firing. The squib can be fired
with approximately 0.5 ampere of current, and
even a weak flashlight battery may contain
enough power to fire the squib. If it is necessary
for you to perfoim a continuity or resistance
check of the squib circuit, be sure to use an
ohmmeter with no more than O. ampere output.
A standard multimeter will fire the squib.

13-39. Electrical system. A schematic of the
electrical system used with the cartridge pneu-
matic starter is shown in figure 33. When the
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'Figure 32. Cartridge pneumatic starter schematic.

start switch is moved to the start position, volt-
age is applied to the cartridge relay. When the
cartridge relay energizes, the normally closed con-
tacts CR1 open and the poally open contacts
CR2 close. This completes g\circuit through.the
10-ohm resistor and the interlock switch
(mounted in the breech assembly) to the car-
tridge squib. At the same time, the warning light

illuminates. Note in figure 33 that the selector
switch must be in the CARTRIDGE position to fire
the cartridge squib. If the overspeed contacts
should close, a ground is completed for the pres-
sure-relief squib and the squib will fire if the
start switch is oN and the selector switch is in the
CARTRIDGE position.

13-40. When operating the starter for a car-
tridge start, it is very important that you be famil-
iar with the operation of the starter. For example,
the overspeed contacts close when th'e engine
reaches a certain speed during the normal starting
cycle. If the starter switch is closed at that time
and the selector switch is in the cartridge psi-
tion, the pressure-relief squib Swill 'ignite even.

though the turbine wheel is not iii an crierspeed
condition.

13-41. The stop switch shown in figure 33 has

OvERSPEED
GOVERNOR

OUTPUT
SHAFT TO
ENGINE

CSE 7462

no control of the starter oiace a cartridge start has
been initiated; it is used only for terminating a
low-pressure start in the event of trouble.

J3-42, We have mentioned that the cartridge
pneumatic starter can alto be used to start an
engine by using an external air source or by using
the air bled from an operating engine on the air-
craft. Both of these starting procedures are known
as low-pressure starts. Low-pressure, starts are
also shown in figure 33. In this case the selector
.switch is placed in the LOW PRESSURE position.
When the start switch is moved to the ON posi-
tion, a 28-volt circuit is completed to the holding
relay. When the holding relay is energized, the
normally open contacts HR1 and HR2 close. The
HR I contacts form a holding circuit through the
normally closed STOP switch so that the START
switch need not be held closed. The HR2 cotP,
tacts complete a circuit to the STARTER CONTROL
VALVE, which opens to. icimit low-pressure air to
the starter. When the starter reaches a certain
speed, the overspeed switch closes, breaking the
ground to the holding relay and terminating the
starting cycle by deeneigizing the holding relay.
Note that in this case the pressure-relief squib
does not fire. The start cycle may be terminated
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at any time by opening the STOP switch. When-
ever the holding relay is deenergized and no
power is applied to the.starter control valve, the
%valve closes and no air is supplied to the turbine
wheel.

13-43. Maintenance of Starter System Compo-
nents. The extent of maintenance that may be

pecformed ori reciprocating engine starters
Alfield level is determined by the availability of
special toals and test equipment. The mainte-
nancerof the motor section of the starter was dis-
cussed earlier art will not be discussed here. You
will study starter maintenance in general plus the
Prony brake, which is used to test starter per-
formance and clutch settings. First let us discuss
starter maintenance in general.

13-44. Reciprocating engine starters. As
perform your work, you will come across variou
starter designations. You should know something
about the numbering of started, so we will famil-
iarize yau with the subject in general. Keep in
mind that on many starters the Air Force desig-
nation, such as J-1, G-6, GI8, and H-2. is

stamped on*the name plate, and that units with
the same type number (GI 8, for example) are
interchangeable with one another. In addition to
the type number, you will find the serial number,
the manufacturer's part number, current draw,
weight, operating voltage, and other pertinent
information.

13-45. For example, consider the characteris-
tics of starters designed and built by the Jack and .
Heintz Corporation, which are identified by a
combination of letters and numerals, such as

31-14PR. arranged as outlined in table 2. The
symbols, whether letters or numbers, may appear
in six distinct coding positions. Notice that one
letter, L, is repeated, indicating one characteris-
tic in position 3, another in 6. Further, as our
example shows, some starter designations may
not need a symbol in all 6 coding positions;
observe that JH4PR does not include coding
positions, 4 or 5.
4, I 3 =4 6 . The actual maintenance consists of in-
spection of the starter mount; checking for oil
leaks around the mounting flange and brush
length; and cleaning the brush boxes and the
:ommutator. The instructions for cleaning are the
same as those for generators. Recall that brush
holders should be wiped with a cloth which has
been moistened with an approved cleaning sol-
vent and that burnt spots on the commutator
should be sandpapered, followed by an airstream
blast in the brush assembly to remove any loose
particles. 4

13-47. The installation of starters i sev-

eral problems that are not experienced
other units discussed in this course. Before in-
stalling, make certain that the engine starter jaws
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TABLE 2

JH STARTER CHARACTERISTICS

Coding
Position Symbol(s) Meaning

1 JH This symbol is used to designate those
starters built by Jack and Heintz.

2 3 The numerals used in this position
4 represent the manufacturer's basic

5 model.
6

10

3 L An "L" shaped starter with the motor
located at a,90 angle to the starter
jaw. .

N Designed for use as electric direct.
cranking*,

P Starter has a special gear ratio.

4 E Starters ./with this designation are
equippet with a 7-inch diameter .
moun tin et flange. 4

IT, Signifies that the starter has a 6inch
diameter mounting flange.
Note: No letter in this position also
signifies a 6-inch diameter 'flange.

5 A Starter has an axial type flexible shaft
drive gear unit.
Note: No letter I n this position indi-
cates that the 90 drive unit is used.

6 L Starter jaw iotation is to the left or
counterclockwise as viewed from the
motor end.

R Starter jaw rotation is to the right or
clockwise.

are identical as to the number or teeth, size of
jaw, and direction of rotation, tis indicated by the
slope of the teeth.

13-48. How is this done? First, remove the
gasket and then measure the depth from the face
of the mounting pad to the tip of the enginejaw
teeth; likewise, determine the distance from the
face of the mounting plate to the tip of the starter'
jaw teeth. When the jaw is retracted, a clearance
betweep the teeth of the two jaws must be main-
tained/ for each installation. This clearance is
specified in the applicable technical order for the
aircraft. You should always refer to those publica-
tions. to learn the amount of clearance required
forjhe aircraft with which you are working.

en the starter jaw is extended, its travel should
be sufficient to assure full face engagement of the
two sets of teeth.

13-49. Starter test stand. An aircraft starter,
test stand is used to test the erformance and
clutch setting (holding torque) bf all models of
aircraft reciprocating engine starters. The test
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Figure 33. Cartridge pneumatic starter electrical system.

stand, more commonly referred to as the Prony
brake, is fully equipped to test starters accord-
ing to the manufacturer's ipecifications. In addi-
tion, it can be used to test various types of elec-
trical actuatorsand retraction motors. The Prony
brake is mounted on a heavy base or frame, and
the cranking spted of starter jaws and the holding
torque can be quickly and accurately determined
from the various indicating meters supplied with
the test stand, as shown in figure 34.

13-50. The tachometer, shown, in figure 34,
is used. to indicate the rotational speed of the
starter jaw in either a clockwise or a counter-
clockwise direction. The tachometer has two
scales: a ,0- to 150-rpm full scale and a 0- to
1500-rpm full scale. For convenience, the ta-
chometer may be. connected on either side of the
test stand by simply interchanging the flexible
drive shaft used with the unit.

13.51. The voltmeter----and ammeter, also
shown in figure 34, are used with" the Prony
brake to measure the direct current draw of the
unit being tested at various values of dc input
voltage.

13-52. For convenience of operation and in
order to perform all the tests the test stand is de-
signed for, three torque meters are provided.
The torque meter assemblies .are similar in op-
eration and vary only in their operating range:
One has a range *cif from 0 to 150 foot-pounds
in increments of 2 foot-pounds; the second has

CSE 7463
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a range of from 0 to 500 foot-pounds in in-
crements of 10 foot-pounds; and the third
torquemeter has a range from 0 to 1500 foot-
pounds in increments of 20 foot-pounds. Since
each torquemeter operates on compression, one,
is placed on the right arm of the Prony brake
to test for right-hand rotation, while another
torque meter is placed on the left arm to test
for left-hand roation, as shown in figure 34. To
make it easiex to change torquemeters, the meters
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AMMETER

MAKE
PRESSURE
CONTRO1

STARTER
TEST STAND
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METER

TOROUE
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Figure 34. Starter tet stand.
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are anchored ;t.), two pivot pins at the end of the
arm and in the base.

13-53. The brake pressure control (also shown
in fig. 34) is-used to adjust the brake load on
the component being tested. The brake assembly
is an aircraft type hydraulic brake that absorbs
the load. Turning the brake pressure control
clockwise applies pressure to the brake.

13-54. The starter test set is also furnished
with a mounting adapte that can be used to ac-
commodate all Air Force reciprocating engine
starters. In addition, a complete set of starting
jaws for testing starters and a set pf couplings for
use in testing actuators are furnished.

13-55. Operation. When the Prony brake is
used to test a starter. always make sure that the
starter jaw is fully retracted and clear of the test
stand jaw. Also, make sure the torque meter is
Installed in the right arm for right-hand rotation
starters and in the left arm for left-hand rotation
starters.

13-56. When testing actuators, you must be
careful to use the low reading torque meters
supplied with the test unit. Under most condi-
tions you will have to use two torque meters so
that you can check the actuator torque in either
dircction.

13-57. As part of the testing procedure for
some starters and actuators, you will have to op-
erate the unit under no-load conditions. To ac-
complish no-load testing, it is necessary to release
the brake pressure by turning-the brake pressure
control counterclockwise. When testing an actua-
tor for no-load operation, it is advisable to lower
the input voltage to prevent damaging the ta-
chometer. This concludes the discussion of the
Prony brake. When testing any component, be

sure to refer to the appropriate technical refer-
ence for that component.

14. Auxiliary Components
14-1. At the start of World War II, aircraft

used tweirnagnetos and a starting aid (such as
an induction vibrator) which were connected to
the right magneto. During the war a triple unit
starting coil was designed to ta e care of newer
and larger aircraft which ha ree magnetos on
one engine. , 4

14-2. The triple unit sta rig coil, shown in
figure 35, contains three ide t al circuits; in the
schematic, however, only a sing e coil assembly
is shOwn. The aircraft 24-volt storage battery sup-
plies power for the unit. Its principle of operatiop
is quite different from that of the induction vi-
brator, and any vibrating action will destroy it in
a short time.

14-3. The st f ing coil should be mounted as
close as possib e to the magneto and starter so
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that you will have shorter leads, which increase
the effectiveness of the unit because there is less
loss of power.

1 peration. For this discussion,-refer---to
figure 35. o energize the coil, the meshing switch

(f) is clos d. Power is then supplied ivom the
battery to the BAT terminal, and the starter
is engaged to the engine through a connection to
the starting circuit; thus, power is applied to the
unit only when it is needed. From that BAT ter-
minal the circuit is completed to the COIL CON-
NECTOR terminal (e) through a resistor (a) nested
around the case. This resistor keeps the current
flow at a safe value so that the primary coil in
the magneto will not be damaged.

14-5. When the coil is energized, the magnetic
field set up around it attracts the armature (d)
and pulls, it down. This allows the spring-actuated
contacts (c) connected to the magneto terminal
(b) to close and complete another gxound circuit
through the magneto breaker points and primary
coil assembly. Also, as the-armature moves down,
the original gPound for the coil is broken. But
the coil remains energized, for it is now grounded
through the magneto primary (j). When the igni-
tion switch (h) is closed, the magneto primary is

grounded out and the ignition does not occur.
14-6. The total resistance of the resistor

around the case, the coil, and the primary coil
of the magneto, connected in series, governs the
current flow. If one of these units is bypassed,
the amount of current will increase.

14-7. The unit which may be bypassed is the
primary coil of the magneto. As the engine is

turned by the starter, the magneto points con-
nected as shown in figure 35 open and close.
Each time the points close, a lower resistance
path to the ground is completed because the
points and the magneto primary coil are con-
nected in parallel. The starting coil resists any
change in current, and, as the points open again,
the decreased current resulting from the increased
resistance self-induces and sends a surge through
the primary of the magneto. This -power surge
causes a buildup of the magnetic field in the pri-
mary coil, thus inducing a high voltage in the sec-
ondary. A current then flaws through the dis-
tributor to thi proper cylinder to fire the'plug.
With this type of starting aid, when the points
open, only one spark is generated each time a
cylinder is to be fired.

14-8. As the engine starts, the starter switch
is opened, and the starting coil no longer has
power. The spring tension on the armatige points
will_ open the points so that the circuit will break
between the coil and the phmary coil of the
magneto. Again the circuit will be completed
from the coil to ground, through the armature
contact. and the circuit is ready for the next



i

:
a. Resistor d. Armature
b. Magneto terminal Coll connector terminal
e. Spring.actuated contacts I. Meshing switch

Figure 35. Triple unit starting coil.

start. Now, let's discuss the switches that control
these auxiliary devices.

14-9. Ignition Switches. Before starting an
atdomobile engine, you must turn on the igni-
tion switch. An aircraft engine is started in much

S the same manner. Let's see what the difference
is, if any, between the ignition switch in an
automobile and the ignition switch in an aircraft.,

14-10. The automobile switch controls the
electrical circuit to the ignition coil and, in most
automobiles, also regulates the electrical power to
such components as the heater and windshield
wipers. The aircraft 'ignition switch also controls
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g. Battery
h. Ignition switch
I. Magneto primary

the ignition to the enginebut in a different
way. Since a magneto furnishes the-spark to fire
the plug, it would do little good to disconnect
the power from the battery. We need to make the
magneto inoperative. If the magneto, is driven,
it can generate a voltage in the primary coil. If
the primary coil is grounded out, how ver, only
a small amount of voltage will be indtic in th
secondary coilan amount well below the mini-
mum required to fire a spark plug.

14-11. You should now be able -to -hal the
difference between the switches; the aircraft igni-
tion switches closes the circuit when it is in the
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OFF position, whereas that of the automobile,
along with most other switches, opens the circuit
when it is off.

14.12. Single-engine ignition switches. The
ignition switch shown in figure 36 is typical of
those used on single-engine aircraft which utilize

a __high-tension ignition system. The principle
which is followed in constnicting this switch is
also used in the two-engine ignition switch. If you
understand the operation 'of this switch, you will
have very little difficulty in becoming familiar
with the other types of ignition switches discussed
later in this section. One lead (P-lead), connected
with the aircraft ignition switch, is also connected
with the primary control of the magneto. An-
other lead from the ignition switches goes to the
aircraft structure and serves as the- ground. All
reciprocating engines have either single magnetos
or dual magnetos. Each ignition switch will have
the R (right), L (left), OFF, and BOTH positions.

P14-13. Whenhe lever is moved to L position,
the right magneto is grounded and only the left
one can operate. The reverse happens when the
lever is moved to R position. Obviously, if OFF
is indicated, both magnetos are inoperative. To
start the engines, the ignition switch must be
moved to the BOTH position. Naturally, the
booster operates only during starting.

14-14. We have been discussing right and left
positions, but we have not yet told you why we
need to ground one magneto and to opftrate on
the other. Each of the magnetos has a specific
number of plugs to fire, and by being able to
ground out one magneto, you pan determine
whether all the plugs are firing on the operating
magneto. If there is too great a decrease in rpm,
it is an indication that some of the plugs are not
firing.

14-15. Two-engine ignition switches. The sin-
gle-engine switch could be used on aircraft with

two or more engines. However, such an arrange-
ment' would take up too much space on the in-

. strument panel; therefore, to reduce the size of

-,
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Figure 36. Single-engine ignition twitch.

Figure 37. Two-engine ignition

CSE1483

Witch.

the panel, two single-engine switches are com-
bined into one unit.

14-16. To compare the two-engine ignition
switch with the single type, refer to figures 36
and 37. One item dn the two-engine switch that
is not found on the single-engine type is the ON-
OFF button, located in the center of the face.
This button, when pulled out, grounds out all
magnetoi. It is used in an emergency, such as a
crash -landing, to stop both engines. The in-
dividual sections work the same as those of a sin-

gle-engine switch.
14-17. Another two-engine type has a toggle

switch instead of the ON-OFF button. The posi-
tions are as designated in figure 37. The toggle

switch serves the same purpose as the ON-OFF
button. On aircraft lhat have four engines, there
is a bar to fasten together the ON-OFF toggles of
two ignition switches. This arrangement permits
all ignition systems to be disabled at the same
time by moving the bar to OFF during an emer-
gency or when the engines have stopped on nor-
mal shutdown.

14-18. Low-tension ignition switch. The low-
tension ignition switch which is used to control
one engine is\shown in figure 38. As you can see,
its appearance is different from that of the ones
previously discussed. Its rectangular shape al-
lows the switches to be mounted closely together
in one straight line. It is designed to control four
magnetos per engine.

14-19. The construction makes it possible to
connect the lever of all the ignition switches with
one bar: Thus, with one lever the pilot oyes
them all. The lever grounds all magnet s when

it is off. The low-tension ignition switch has only
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Figure 38. Low-tension ignition switch.

two positions, ON and OFF. When it is off, all
magnetos are grounded. There are also four
push-pull switches, one connected with each
magneto. When the handle is pulled out, the
switch groCitids out the magneto that is marked
beside the button. This is the reverse of the pro-
cedure for switches discussed earlier. In the latter
types, if you want to check the right magneto,
the switch is placed on R so that the left magnet6
will be inoperative.

15. Ignition Systems

15-1. Now that you are familiar with the vari-
ous types of aircraft engine starters 'and their
auxiliary components, we shall turn our attention
to the various types of ignition systems.you will
work on as an aircraft electrician. Since you are

l/97

primarily responsible for maintaining jet engine
electrical systems, let us start with a typical igni-
tion system known as the TEN-1.

15-2. TEN-1 Ignition System. The TEN-1
type is a turbo-electronic igniter system manu-
factured' by the Scintilla Division of the Bendix
Aviation CorporatNs.The "T" in the designa-
tion number stands fo Turbo, the "E" for Efec-ft
tronic, the "N" for Scintilla, and the dash nuyi-
ber for the particular model.
.15-3. The TEN-1 ignition system, tonsists of

a dynamotor-filter assembly; an exciter; two high-
tension transformer units; two high-tension leAds;
and two igniter plugs; together with the nec-
essary interconnecting cables, leads, control
switches, and associated equipment. There are*
only two igniter plugs, even though there are
more than tw6 combustion chambers a jet
engine. The reason for this is that the chambers
are connected by ciossover tubes. so that the,
burning charge in one chamber will spread to
adjacent ones and will ignite the charge in th,em.

15-4. The dynamotor is used to step up 28
volts dc, supplied by the aircraft battery, to the
exciter operating voltage, which varies between
500 and 900 volts. This voltage charges two
capacitors, which store the energy to be used
for ignition. The discharge of the first capacitor,
stepped up by a transformer, reaches the plug in
the form of a high-frequency current. As a re-
sult, the voltage rise across the plug gap is ex-
tremely rapid, and the breakdown voltage of the
gap is reached before any appreciable amount of
energy can leak away through fouling or mois-
ture, which may be present in the high-voltage
circuit feeding the plug. On the other hand, the
second capacitor discharge is of low frequency
and low voltage, but of high energy. The result
is a spark of such intensity that it is capable
not only of igniting abnormal fuel mixtures but
also of burning clear any foreign deposits which
may be present upon the electrodes of the plug.

15-5. The exciter is a dual unit which pro-
duces a series of sparks at each of .two plugs
until the engine starts. The battery current is gut
off when this occurs. These are the major points
in the functioning of -the dynamotor. However,
the details vary, depending on whether the TEN
system is regulated or nonregulated.

15-6. Nonregulated and Regulated Systems. A
nonregulated system is one which causes firing
of the igniter at an uneven frequency. This simply
means that sparks will occur at the igniter when-
ever an ample charge builds up on the capacitor.
The nonregulated system has a separate circuit,
called a sparking rate control, which serves only
to increase the rate of sparking during air starts.

15-7. The regulated systern, as the name tens
you, has an even rate of sparking; the electrical
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power will be delivered to the igniter plugs at
the same intervals of time, thus giving a more
uniform burning process for starting. However,
since tbis system does not have a separate cir-

cuit, the same sparking rate is used for starting
in the air and on the ground. The regulated
sparking is about midway between the high and
low sparking rate of the nonregulated.

15-8. The nonregulated construction includes,

as a part of the pilot control circuit, a test switch
by means of which the operator may suppress the
firing of either igniter plug in the engine burner.
In this way, he can check each plug individually
by cutting out the other one.

15-9. In the nonregulated system, a special dc
dynamotor and radio interference filter comprise
the assembly. Within the filter compartment is
an,operating rellarhich turns the battery input
current off and when the operator positions a
remote switch.

15-10. Nonregulated system dynamotor. Now
let us examine figure 39, which illustrates the
non-regulated system.. The dynamotor is a com-
bined dc shunt-wound motor and dc generator.
The low-voltage (28 volts) motor armature and
the high-voltage (830-volts) generator armature

DYNAMOTOR-1---...

DYNAMOTOR-NJ---
FILTER 1

z in

are wound on the same, shaft and, therefore,
rotate in a common electromagnetic field sup-
plied by the field windings in the housing. The
output voltage depends on the speed of the arma-
ture. The field is of a constant strength and thus
the output is stable. The commutator for the 28-
vdlt winding is at one end of the shaft and that
for the 830-voolt winding is at the other. The field
windings inclose the field pole pieces which are
secured to the inner walls of the housing. The
brushes fit into holders, which, in turn, go into
sockets provided in the end frames. Bells inclose
the open ends of the machine for protection
against dirt, m'oisture, and mechanical damage.
The connections, for input to the 28-volt motor,
for output from the 830-volt generator, and a
common ground, are brought out to terminals
located in an extension at the top of the dyna-
motor housing. This extension mates with a hole
in the bottom of the 'filter compartment, an
arrangement that provides a convenient and pro-
tective passageway for the electrical conductors
between the dynamotor and filter.

15-11. Nonregulated system filter. Also shown
in figure 39 is the filter ,section. The purpose of

the filter is to prevent radiofrequency disturb-

it. ' o
1

..
<

t

OWITCH .

IGNITER PLUGA

yEACITER

RI R2 RI

CI

CIRCUII
BREAKER

TRANSFORME

A1RSTART

!HARNESS-1

4

TEST ;
SWITCH. ,

L2

TRANSFORMER-44
GI

24 V. BAT. ao-from TO CONTROL TERMINAL
ON STARTER

Figure 39:Nonregulated TEN system.
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Figure 40. Regulated TEN system.

ances, which originate in the dynamotor or igni-
tion system, from feeding back into the battery
circuit. A choke coil is in series with the dyna-
motor input. This coil (L5) offers low resistance
to the battery current, but offers high impedance
to radiofrcguency currents returning to the bat-
tery. At t e same time, two capacitors (C6 and
C7) pr ide a bypass to ground for the high-
frequency currents. The entire relay is inclosed in
a metal case to guard against the possibility of
radio-frequency currents reaching_the battery ter-
minals through inductive or capacitve coupling.
Two bypass capacitors (C8 and C9), located
within the relay case and connected between the
case, battery, and switch terminals, offer a
further check against feedback. The relay is con-
trolled by the OFF switch.

15-12. Nonregulated system exciter. Elec-
trically, the exciter unit has two identical gaseous

discharge circuits, designated as Nr. I and
14r. 2, each of which serves its respective trans-
former coil and igniter plug. The cireuits are in-
dependent of -each other, although the two large
storage capacitors for Nr. 1 are contained within
the same case as those for Nr. 2. The solenoid-

'HARNESS-I
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1L2

TRANSFORMER4I
Gi

IGNITER PLUG) "
[
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actuated relays FI, E, L, and K, which control
the test-cutoff and air-start circuits, are also com-
ponent parts of the base assembly. The letters
stamped on the relay contact spring stops identify
the relays, as shown in the electrical diagrams.
The high-voltage direct current supplied by the
dynamotor is fed into a two-contact electrical
plug-in connector on the exciter base assembly
through a shielded two-wire cable. The low- and
high-frequency outputs of the exciter are delivered
through a four-wire shielded cable, which con-
nects through the engine harness to the trans-
former coils.

15-13. Regulated system dynamotor filter as-
ssembly. In the regulated system, shown in figure
40, the dynamotor-filter assembly also includes a
carbon-pile voltage regulator. The filter, voltage
regulator, and relay are found within a compart-
ment at the top of the unit. The dynamotor is
a two-pole, two-magnetic-stack machine. The
stacks, two sections of laminated soft iron
mounted on a common shaft, comprise the core,
the motor, and the generator armatures of the

'dynamotor. The larger one is called the main
stack, and the smaller the bo?,ster. The input
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winding is wound only on the main stack. The
high-voltage winding is wound in two sections:
one over the main and booster stack and the
other over the booster stack only. These two
sections are connected. in series on the high-
voltage output commutator. Consequently, the

ge output is the sum of the voltages gener-
ated in the two windings.

15-14. The main stack gives straight dyna-
.motor action, whereas the booster stack acts upon
the output windings only and supplies generator
action. Dynamotor action means simply that the
output winding is wound over the input one and
is energized by the motor field; therefore, the
generator portion does not fall into one of the
categories of ordinary generators mentioned
earlier in this course. Generator action means
that the field is energized by the outpur of the
generator, of which it is a part. The unit is spe-
cially designed- for use with a carbon-pile volt-
age regulator similar to those discussed in pre-
vious volumes.

15-15. The carbon-pile (CP in fig. 40) is con-
nected with the booster field. As the input voltage
increases, so does the current through the sole-
noid winding, Thii causes magnetization of the
solenoid core, which then reduces the pressure on
the carbon-pile and raises its resistance. The in-
crease in resistance, in turn, lowers the current
through the booster field. The decrease in cutrent
produces a reduction in the flux cut by the rotat-
ing armature, so the output voltage of the booster
section of the HV winding is decreased. Thus,
the combined action of the special windings in
the dynamotor, the carbon pile, and the solenoid
in the regulator tends to produce a constant out-
put voltage, regardless of variations in battery
voltage. The filter assembly (L5. C7. and C6),
including the electrical portion, is the same as
that for the nonregulated, except for the voltage
regulator connections.

15-16. Regulated system exciter. The chief dif-
ference between the regulated and nonregulated
exciters is that the regulated unit does not have
the solenoid-controlled test cutoff and sparking
rate relays. Another difference is the regulated
system's use of selenium rectifiers.

15-17. Transformer units. Two transformer
units, as shown in figure 40, are used on both
systems, one for each igniter plug. Electrially,
each unit is comprised of two transformers (LI
and L2, and L3 and L4), two capacitors (C4
and C5), and a spark gap (GI ). These parts
arc inclosed in a single metal cak. None can be
diassembled or replaced except the spark gap.
The spark gap is a separate, glass-inclosed part.
The function 'of the transformer unit is to amplify
the impulses delivered by the exciter, to convert
them to high frequency, and to apply them to the

ir-' igniter lugs. The energy from the exciter s fed
into the transformer unit through a two-contact
electrical plug-in connector. The output of the
transformer is then conducted to the igniter plug
through a short high-tension lead similar to the
ones used on reciprocating engines.

15-18. Time-delay 'switch. The time-delay

re--?,0

switch is used to introduce a predetermined time
delay between the closing and the opening of the
air-start circuit. Should ignition be required in
flight, the pilot closes the air-start control switch.
The air-start circuit then will operate for about
95 seconds, at the end of which time it will
shut off automatically. The time-delay switch is an
electropneumatic type; a solenoid closes the cir-
cuit, but its, opening is delayed by a pneumatic
mechanism which starts its timing cycle upon de-
energization of the solenoid.

15-19. Thetime-delay switch consists of a tim-
ing head, a coil, a core and spinale, and a ter-
minal block and switch. The principal components
of the timing heads are an adjusting screw, a
housing, a diaphragm, a valve, and a spring.
The diaphragm is installed across a concavity in

the pressed metal housing to form an air cham-
ber, whose inlet is through a flat, seated valve
in the diaphragm, and whose outlet is through
an adjustable orifice in the housing.

15-20. The edfl assembly has a- box and a
cover which inclose the coil. They are made of
steel to form a part of magnetic circuit. The
core and spindle include a magnetic core, operat-
ing springs, a spindle, and a collar. The upper
end of the spindle is attached to the diaphragm
coupling of the timing head. The spindle is per-
manently fixed to the magnetic core, and the
collar at its lower end engages a switch secured
to the molded terminal case. Switch springs are
made of a beryllium copper alloy, and the con-
tacts are made of silver. The remaining parts of
the regulated and nonregulated systems are a
dynamotor-exciter lead, exciter-engine disconnect
leads, and the harness assemblies. High-tension
leads carry the high-energy current to the igniter
plugs.

15-21. Operation of TEN-1 Systems. As.men-
tioned earlier in connection with the TEN-1
ignition system, the energy required to fire the
igniter plug in the engine burner is stored in

capacitorsnot in an induction coil as in con-
ventional systems.

15-22. Figure 41 shows a typical nonregu-
lated system. There are two discharge tube and
transfortner circuits in the nonregulated system,
but for simplicity of explanation only one circuit

is pictured. During operation, the same action
normally takes place in both circuits, which are
energized by current from a single dynamotor>.),
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15-23. It will be helpful to you to trace the
sequence leading to the production of an igni-
tion spark. When the engine starter is energized,
current flows from the ftarter terminal on the
engine to the Nr. 1 terminal on the time-delay
switch (not shown) and then through its usually
closed upper contacts to the off switch. This
switch is closed for the engine starting so that
current can flow to -the switch terminal in the
dynamotor filter and can pass through the ener-
gizing coil of the dynamotor relay: The closing
of this relay connects the battery terminal,
through the filter, to the dynamotor. Then the
dynamotor begins its operation. As the dyna-
motor reaches full speed, it delivers a potential
of from 500 to 800 volts dc through a shielded
cable into the .in.put terminals of the exciter
unit.

15-24. Observe, in figure 41, that the dyna-
motor output is applied to capacitors Cl and (12
through resistors RI and R2, respectively, causing
the voltage of both capacitors to rise to the same
value as that of the dynamotor. The voltage
across C2 is also impressed across clip discharge
tube (T1) whose cathode is grounded through
the low-resistance transformer windings (L1). At
this time the voltage difference between the grid
of the tube and the cathode is virtually zero;
therefore, the tube is not in a conductive state.
The voltage across the tube is also impressed
across the series combination of resistors (R3
and R4). From their junction point, a connection
is made through another resistor (R5) to the grid
capacitor (C3), through a resistance of relative
low value (R7), to the grid of the tube. As a
result, a small charging current flows into the
grid capacitor (C3) through R5, and the voltage
on the grid slowly rises with the charge on C3

DYN.

until its ignition (triggering) voltage is reached,
at which time the tube is conductive.

15-25. Capacitor C2 now discharges__through
the tube, thiough LI and the ground return
path. As this occurs, the rise of current is ex-
tremely rapid and the resultant increase in flux
induces a voltage several times greater in L2 than
that in Ll. L2 is the secondary winding; it has
more turns than LI. This voltage is applied across
the spark gap (G) and L3 and C5, which are
in parallel with the gap. The voltage across the
gap thus rises with the charge on, C5 until the
sparking voltage of the gap is re'ached, where-
upon the gap becomes conductive. At this instant,
its resistance drops rapidly, and the energy stored
in C5 discharges across the gap. This initiates a
high-frequency oscillation in the series-resonant
circuit formed by C5 and L3. Transformer ac-
tion between L3 and L4 greatly steps up the
voltage across L4, from which point it is ap-
plied across the electrodes of the igniter plug
(P). This high-frequency voltage causes a spark,
even though the electrodes may be fouled with
?actor oil, for the, high rate of application ionizes
and punctures the air layer between the electrodes
of the plug (P) before there is time for any ap-
preciable amount of energy to leak away. A
capacitor (C4)*provides a low-impedance ground
return path for the high-frequency current in-
duced in L4. As soon as this initial spark has
made the plug gap (P) conductive, the resistance
of the gap drops low enough to allow the large
capacitor (CI ) to discharge acrossit. The ex-
tremely high energy in this discharge provides a
very hot spark that starts the charge burning and
develops enough heat to burn away any foreign
deposits which may be on the electrodes. The
discharge of Cl and C2 lowers the plate and the

1.4 HIll
1.3
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Figure, 41. Single discharge circuit in nonregulated systeza.
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grid potentials of the tube 40 a low value in-
sufficient for further conduction. Thus, the tube is
rendered noncon ctive, and all action ttops in
the transformer a d ignition plug circuits. The
process is then repeated. In the low sparking rate
position, the rate of operation is roughly 10
sparks per .second.

15-26. When the switch is moved to the high.
sparking rate (air-start)-position,R5 is_ shunted_
ty R6. (See fig. 41.) Therefore, the time re-
quired to Charge the grid capacitor to a voltage
necessary to "trigger" the krid is greatly reduced.
As a result, the rate pf sparking isli increased
to about 30 sparks per second.
- 15-27. Pilot-operated switches. Whtn the test
switch is placed in TEST-CUTOFF, the grid capaci-
tor is short-cireuited and, consequently, the circuit
is inoperative for purposes of test. In actual
practice, the test and air-start switches are sepa-'
rate relay types, controlled remotely from the
instrument panel. .

15-28. The pilot-operated switches are not
components of the electronic turboignition sys-
tem, but are installed by the aircraft or engine
manufacturers as adjuncts to control the operation'
of the system. For this reason, the design and
wiring details of the control circuits may vary
in different aircraft installations. The data which
follows is offered for the purpose of general in-
formation as to the operating principles aod not
for purposes of service or detailed maintenance
activity. The off (master) switch previously
shown in figure 39 stops the entire ignition sys-
tem when the switch is placed in the OFf posi-
tion.

1,5-29. The air-start switch is, in effect, the
control medium for the time-delay switch. When
it is in the normal -(OFF) position, the current
for operation of the solenoid in the dynamotor
relay is obtained from the starter terminal on
the engine. The manner in which this circuit
ftinctions can be (raced in the wiring diagram
shown in figure 39. Current from the starter
passes through the upper terminal of the time-
delay switch, through the off switch contacts
to the dynamotor relay, thus energizing it and
closing the battery circuit to the dynamotor. In
this position, the ignition system will function
only, during operation of the starter and at the
low sparking rate used for ground starts.

15-30. When the air-start switch is closed, cur-
rent flows through the solenoid of the time-delay
switch and sets up a magnetic field which pulls
the plunger of the solenoid down, throwing the
contacts to the position indicated by the dotted
lines in the diagram. Current now passes through
the off switch to the dynamotor relay, energizing
it in the usual manner, and then flows from the
lower switch contact in the time-delay switch to

the "high" solenoid in the exciter, energizing
the relay and throwing the high sparking rate
circuit into operation. Immediately upon the re-
lease of the air-start switch there is a 45-second

° time delay before the contacts resume their nor-
mal position. The high sparking rate circuit func-
tions through this delay plus the interval during
which the air-start switch contacts are held closed.

15-31. The time-delay switch functions as fol-
the control circuit is energized, sole-
causes an instantaneous switch trans-

lows: when
noid action
fer, opening one sot of contacts (solid lines in
diagram) and closing another (dotted lines).
The, switch remains in this position as long as
he air-start switch is closed. When the control

circuit is deenergized, the time delay starts. At
he end of 45 seconds, the contacts-return to
heir original position. The adjusting screw at the
op of the time-delay switch controls this inter-
val. It should not be turned or disturbed; other-
wise, the timing of the air-start circuit will be,in-
correct.

15-32. Regulated system circuit. The basic
principle of operation of the regulated system is
he same as that used in the Ihonregulated. The
lectrical circuits differ somewhat because of vari-

ous improvements in the regulated system. The
most obvious difference between the systems is

he use of the regulate dynamotor, ,which we
hay; already described. However, if you com-
pare figures 41 and 42, you Scan see other major
differences:

e4R1, appearing in both systems, is a larger
esistor in the regulated system to prevent dam-
ge to the- dynamotor or exciter in the event of

a short circuit in the harness or external circuits.
The regulated system has a rectifier in series

with R2. This rectifier, which feeds C2, improves
he operating characteristics.

The switch marked TEST CUTOFF, NORMAL.

and HIGH (AIRSTART) in figure 41 is not include".
n the regulated system, since it does not use

he solenoid controlled switches.
R5 has different values in the two systems.

This risistor controls the sparking rate of the
ystem; its value provides a sparking rate for all

conditions of operation, both on the ground and
n the air.

R6 does not appear in the regulated system.

13-33. The off-air-start, and time-delay
Witches, have the same functions as on the non-
eguIbted system, but the connections between
he time-delay switch and the exciter have been
liminated. In the regulated system, the sparking

rate is the same ai that used for ground starts,
nstead of being increased as is the case with
he nonregulated. e

15-34. A further comparison will clarify the
unction of the rectifiers. As already pointed out,
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Figure 42. Single discharge circuit in regulated system.

there are two separate circuits in the exciter, and
because of the slight electrical differences in the
circuits, the sparking rate of one circuit may
vary slightly with respect to that of the other.
Of course, the same type of situation can occur
in the regulated or nonregulated_system.

15-35. Let us assume that both circuits are in
operation and that Nr. 1 is firing a little faster
than Nr. 2. At the start of a cycle, both C2
capacitors will be charged to the full value of
the voltage delivered by the dynamotor. When
Nr. 1 fires, the charge on its capacitor will be
promptly dissipated through the external circuit

.. of the system, and the voltage atress it will in-
stantly fall to a low value. Since Nr. 2 has not
yet discharged, at this instant there is a fully
charged capacitor connected through the R2's
in both circuits to the discharge capacitor. During
the interval immediately following the firing, a
current will flow from the charged capacitor in
the Nr. 2 to the discharged capacitor. This cur-
rent lowers the voltage on the plate of the dis-
charge tube in the Mr. 2 and may ad4ersely
affect its performance or even shorten its ser-
vice life.

15-36. The rectifiers prevent the lowering of
the voltage on either tube by the process just de-
scribed. Since the rectifier restricts the current
path to one direction, it does not allow any flow
of current out of the capacitor in either circuit
to go into the other branch through the two
R2 resistors. The exciter-to-disconnect lead,
.harness, transformers, and igniter plugs used on
regulated systems are electrically identical with
those used on the nonreglilated system.

15-37. This completes thesdiscussion of TEN
systems. These are found on older model air-
craft, and all later ignition systems have been
developed from the TEN. However, there 'are

, some major differences between later 'systems
and the TEN. Let us see what they are.

I
15-38. TFN-6 Ignition System. The TFN-6 is

a good example of a capacitor discharge igni-

tion system. This system, illustrated in figure 43,
furnishes a rapidly pulsating high-energy spark
to ignite the fuel-air mixture in the combustion
chamber.

15-39. Now we shall see how -the TFN-6 sys-
tem operates. Notice in the illustration that there
are no moving parts in this ignition unit. Voltage .
from the 115-volt, 400-cycle power source is
applied to the ignition unit through contact A,
which is grounded to the housing. This allows
current to flow through primary winding L2 of
the power transformer, to choke coil L 1 of the
radio filter, and back through contact B to the
source of power. By transformer action, L2 in-
duces a voltage of higher potential across the
secondary winding of L3. .

15-40. When the upper end of L3 is positive,
current flows from the negatively charged end of
L3 to C3. This places a negative, charge on the
lower plate of C3. Current flows from the nega-
tively charged end of C3 through V2 and VI
and then back to the upper end of L3. When the
upper end of L3 is negative and the lower end
positive, current flows through V3, V4, RI,
ground, and to ,C4, charging the bottom'plate of
C4 negatively, and then back to U. C3 and C4
are thus charged in steps on alternate half-cycles.
Since CS is connected in parallel with C3 and
C4, it is also charged in steps.

15-41. When the voltage of CS reaches a
predetermined value, 01 will ionize. The ioniza-
tion of 01 causes current to flow in the high-
frequency oscillatory circuit of L4 and C7. This
sudden surge through LA causes a high-voltage
high frequency across LS. This process ionizes
the igniter plug gap. However, only a small
amount of the total charge on CS is required to
ionize this gap. As a result of the ionized gap,
a low:resistance path now exists across CS; ando
CS discharges completely, expending most of
its energy in the fuel-air mixture in the igniter
plug.

.

15-42. R3, also shown in figure 43, is a load
resistor which prevents damaLe to the ignition
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unit in case of an inadvertent open circuit opera-

tion; and it also discharges C7 between sparks.
Notice C6, which is connected across Gl . Its

purpose is to help maintain a steady discharge
voltage; it also prevents re4trike of an arc through

G l .
15-43. Thus far we have discussed how an

engine is started and what ignites the fuel air
mixture to keep it running. The electrician also
has systems that control the engine once it is

running so we will discuss some of them at this

time.

I
4 6. Related Power Plant

Control Systems

-16-1. In this section we will discuss three sys-
tems that are used to maintain proper engine
temperature. -You as an electrician will be re-
sponsible for their tlectrical power. These systems

are the cowl flap -system, the oil cooler control
system and the antidetonant injection system. We
will discuss them in that order.

16-2. Cowl Flap System. All aircraft engines
must have some means .of maintaining operating,
temperatures. This is accomplished on recipro-
cating engines by controlling the air flow around
the cylinders. This air flow is controlled by open-
ing or closing the cowl flaps. What moves the
cowl flaps? To find an answer to this question

we will discuss a typical system. The first point of

discussion will be the cowl flap-actuator. Before
we start our discussiOn, each aircraft
will vary to somedegree so co ult the TO for
your aircraft when performing maintenance on
any of these systems. ,

discharge ignition system.
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16-3. Actuator. Each cowl flap actuator con-
sist of a jackscrew driven by a split-field series
motor. Some of these motors have a magnetic
brake that prevents coasting when the switc)1 is
opencd. The brake is released magnetically when
the actuator is operated in either direction. In
some cases, you may find that the motor drives
two actuators through the use of flexible shafts.
and a gear reduction. By controlling the move-
ment of the actuator the aircrew can maintain
engine temperature at different altitudes and
power settings. What is involved in controlling
this actuator? If you will look at figure 44, we
will fmd the answer.

16-4. Open position. To 'open the cowl flaps
first we must put the control switch id the
OPEN position. When we do this, there is a com-
plete circuit from 131-48 through the control
switch to gronnd at R2-17. This closes the open
relay completing the circuit from B l-47 through
the open relay, the limit switch, thermal switch,
actuator to ground. At this time, the actuator
opens the cowl flaps until the limit switch, is me-
chanically aquated. These limits will vary so
check the aircraft TO for the exact limits for a
particular system. With the cowl flaps open, the
air flow is at its maximum. What happens if the
engine temperautre drops below normal? What
do we do then? You are being inquisitive but if
you keep it up you will be ahead of the game.
Now let's warm that engine up again.,

16-5. Close position. To increase the temper-
ature of the engine we must slow down the flow
of air around the cylinders. This is done by clos-
ing the cciwl flaps. Again refer to figure 44 and
place the control switch in the CLOSE position.



With the switch in this position, a circuit is com-
pleted to ground from B1-48 through the con-
trol switch and R2-18, the cjose relay. When the
close_relay_is-energized, this-completes a circuit
from B1-4/11 through the close relay contacts,
limit switch "A", the close coil of the actuator,
the thermal switch, the actuator armature and to
ground. When this condition exists, the actuator
closes the flaps until the limit switch is mechani-
cally opened. This will slow the flow of air around
cylinders and allow the engine temperature to
rise again.

16-6. All of tilis is fine, but it seems that the
pilot either has a hot engine or a cold engine.
Doesn't this switching back anci 'faith take a lot
of his time? Isn't there some way of reaching a
happy medium in 'temperature? If so, just how
dots it work? To answer these questions, we
need to go back to figure 44 again and clear up
a few things.

16-7. POS. position. With the control switch in
this position, contr91 of the circuit is transferred
to the potentionieter in the cockpit. This gives
the aircrew completey control to stop the cowl
flaps anywhere within'their limits of travel. This
control circuit consists of a micropositioner, a
potentiometer in the cockpit and a follow up po-
tentiometer in the cowl flap actuator. Check your
switch position again so we are both together.
It should be in the POS. position. Now let's see
what happens.

81-48

5.0

16-8. With the circuit set as it is in figure 44,
there is no current flow because the resistance of
the "Pot" in the cockpit and the follow up `Tot"___

--(thd-orid iri The -aCtuator) is equal. What hap-
pens if the pot in the cockpit is turned up? When
the resistance of the pot in the cockpit is changed,
it creates a difference in potential between CI
and C2. This causes a current to flow in the
micro-positioner coil which moves the armature
to close contacts R or B, depending on the direc-
tion of current flow. Powdr at this time is ap-
plied to the actuator and it drives the cowl flap.
As the actuator movesthe wiper arm of the fol-
low up pot moves with it. When the resistance of
the follow up pot is equal to the pot' in the cock-
pit, there is no current flow in the micro-posi-
tioner coil and the circuit to the actuator is in-
terrupted. In this position, the pilot can stop the
cowl flaps any place he desires. Thus he can con-
trol engine temperature' by controlling the air
flow around its cylinders.

16-9. Some systems go one step farther than
this. They work automatically. These systems
have a heat sensor in the. engine area that works
in conjunction with the pot in the cockpit. When
the temperature changes, it unbalances a bridge
circuit which causes the actuator to reposition
the cowl flaps to the desired setting. While we
are discussing cooling systems, let's switch over
to the oil cooler circuit while we are close by.
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Figure 44. Cowl-flap control circuit.
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Figure 45. Oil cooler flap actuator circuit.

16-10. Oil Cooler Control System. This system
is like the ,cowl flap system to the point that air
flow is the cooling agent. By controlling the air
flow through the cooler, the proper operating
temperature of the oil is maintained.

16-11. Oil cooler flap actuator. The actuator
changes electrical energy to liner mechanical
movement. In.doing this, it moves the oil cooler
flap toward the open or closed position. Electrical
power comes from the dc bus through a circuit
brealeek and is controlled by a three position
switch. The positions are OPEN, CLOSE and OFFv

The switch is spring-loaded to the OFF position.
The liner movement of the actuator is limited by
two adjustable limit switches. The motor of the
actuator is radio noise free and has a magnetic
friction brake. All of this is fine but how does it
work? If you will take a look at figure 45, we
will answer that question.

16-12. Open circuit. One thing we need to get
clear before we hit the switch, is to become fa-
miliar with the way the circuit is drawn. Each
manufacturer has a different way of drawing cir-
cuits. Basically they all look alike but there are
always a few peculiarities. If you will note in this
circuit, all the switches are open. So. when we
mention normal operation you can assume that
both the limit and thermal switches are closed.

16-13. Now that we have that little matter out
of the way, let's place the control switch in the
OPEN position and see what happens. This com-
pletes a circuit through the limit switch, the
"open" field coils, the thermal switch, the brushes

and armature, the magnetic brake coil, and to
ground. When curreict starts to flow, the "brake"
coil releases the brake and the actuator drives

until the "open" limit switch is mechanically actu-
ated. Remember though, the control switch is

spring-loaded to the OFF position so any time

the switch is released the circuit is interrupted.

42351-1

ENGINE NO.1

This will engage the magnetic brake and stop the
actuator. Thus the aircrew has full control of the
oil cooler flap.

16-14. Close circuit. This circuit is the same as
the open circuit except the "close" coil of the
actuator causes it to operate in the opposite di-

, rection. Look at figut 45 again and trace the

"close" circuit out.. Yithi should know what hap-
pens. If you run into a problem go back and read
the paragraph on the "open" circuit.

16-15. How about those condensers in the
circuit? What are they for? If you remember, a
few paragraphs back we said that the actu.ator
motor was radio noise free. These condensers
are the reason for this. Between the limit switches
and armature action there is quite a bit of arcing
in the circuit. The condensers prevent much of
this arcing and filter out the radio noise.

16-16. This concludes the discussion on the oil
cooler control system. There is one other area
we need to discuss before we leave the power
plant control systems and thx is antidetoriating
injection system commonly referred to as the
ADI. Don't let the name shake you up too much.
It really isn't as bad as it sounds.

16-17. Antidetonating Injection System (ADD.
Many people refer to this system as the water
injection system, you will see why as we discuss
it. There are times when the pilot wants every bit
of power he can get out of an engine without
exceeding its safe limits. At such times cylinder
head temperatures soar to a maximum and deto-
nation could occur. To prevent detonation a
water-alcohol mixture is injected into the cylin-
der. The flow of ADI fluid is controlled b'y a
water regulator and is also proportional to the
rate of the fuel sflow to the engine. Just what
does the electrician do to maintain this system?

Isn't this system in the engine mechanic's area of
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Figure 46. ADI

responsibility? Well, yes, it is the mechanic's sys-
tern but there is a small item, like an electrical
driven pump, that we have to consider. Along
with( this, we have a power circuit and a con-
trol circuit to maintain. The major electrical com-
ponent is the pump assembly so we will start
our discussion there.

16:18. Water injection pump. A typical pump
assembly is a 28-volt dc motor that drives a
centrifugal pump. The motor and pump are
sealed in a water-tight housing which is sub-
merged in the ADI fluid. The pump is controlled
by a switch in the cockpit. The control switch
operates a relay that, when closed, delivers
power to the pump motor. Take a look at figure
46 and you will see the electrical circuit for the
system.

16-19. Circuit operation. First you will note
there is a water quantity circuit in the drawing.
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We will bypass this portion of the system singe it
belongs to the instrument people. Our portion of
the system is the control circuit and power circuit.
You will note that power for both circtfits is
supplied by a 28-volt dc bus and they are also
protected by the same 25 amp circuit breaker.
When the control switch is placed in the ON

position, a circuit is completed from the power
source through the circuit breaker, the control .
relay coil, the switch and to ground. As current
flows through the relay coil, the contacts are
closed, and power is applied to the pump motor.
The system continues in operation as long as the
switch is in the orr position. The pilot only uses
this system when he needt to use high power
settings. This concludes our discussion on ways't,'
of controlling the power plant and related sys-
tems. We will now turn our attention to utility
systems.

,
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Utility. Systems

rr HERE WAS a time when people used lights

that demanded much more attention than

lights Which we use now. Many years ago main-

tenance of lighting equipment such as kerosene

lamps required filling the reServoir, cleaning the

chimney, shaping and cleaning the wick, and ad-

justing the height to give the meager yellow flare

of light that was used for all lighting purposes.

Before the kerosene lamp was used dripping

fuming candles were ased for lighting. In any

event, the housewife spent a good deal of time

maintaining and servicing lighting equipment.

2. As the electric light became more and more

common, the maintenance of lights and lighting

equipment became less and less of a chore;
today when a light fails we merely assume that

the bulb has burned out. Ninety nine times out of

a hundred, replacing the bulb restores the light to

ea serviceable condition. If it were not for the

great dependability of present-day electrical equip-

ment, the operation of highly complicated equi

ment such as automobiles and aircr f
much more of a problem. equipment

includes the lighting systems which are used on

aircraft and which are the subject of this chapter.

3. Lights.on an aircraft are used for two pur-

poses. Some lights are designed to attract at-

tention or to be seen. Others are designed to
4 flood an area with light so that details in the

area may be recognized. Lights for both pur-

poses are used on aircraft and ,both types of light

may be found in the group of systems desig-

nated as interior lighting systems. The sathe may

be said for the' lights designated as exterior light-

ing systems. We shall cover both interior and ex-

terior lighting systems in this chapter and we shall

also discuss some of the methods of circuit analy-

sis and troubleshooting.

17. Interior Lighting Systems

17-1. The types and numbers of interior light-

ing systems vary from one type of aircraft to

another. Small aircraft, such as fighters, have in-

strument lights, panel lights, white and red flood-

CHAPTER 6

lights, and a portable spot and floodlight. Larger
aircraft, such as bomber and cargo planes, have

several other interior lighting systems. These in-

cludei entrance and aisle lights, walkway and

craw way lights, bomb bay lights in bombers,

or cargo bay lights for cargo-type aircraft. The

necessary panel and instrument lights are installed

at each crewmember's station.

17-2. Instrument Lights. Lights which are used

to illuminate instruments may be divided into

two groups, primary lights and secondary lights.

The primary lights consist of individual lights lo-

cated inside the hoods to provide illumination for

one particular instrument. Included with primary

lights are edge lights, which illuminate the letter-
ing-Non the control and circuit breaker panels.
These lights are- mounted in the plastic panels
so that the light radiates only through the plastic.

The panels are painted with a black vinyl lacquer.
Lettering on the panel is etched through the

lacquer so that the light radiating through the
plastic makes the lettering easy to read. The sec-

ondary lights are floodlights that provide light

for the instruments when the primary system fails.

Instrument lighting circuits. A simplified

herhatic of a typical instrument lighting circuit

is shown in figure 47. Notice that the system is

powered by I I5-volts ac. The high voltage is re-
duced by a variable transformer which mainte-

nance personnel refer to as a "Variac." The

CONSOLE LIGHTS CONTROL permits a variable
voltage from zero to 28 volts. From the wiper
arm of the variable transformer you will notice

the power is applied to the EDGE LIGHTS, the

STANDBY COMPASS light, several panels shown at

the bottom of the schematic, and to an auto-
transformer that supplies the integral instrument
lights. This voltage varies from zero to 5 volts as

the wiper of the CONSOLE LIGHTS CONTROL is

moved from OFF tO BRT.

17-4. Floodligliti. If the instrument light cir-

cuit fails, the pilot still has the left and right con-

sole floodlights and the instrument panel emer-

gency floodlights. The circuit for these lights is
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Figure 47. Panel lights.

shown in figure 48. This figure illustrates a typi-
cal circuit, but it may be quite different from cir-
cuits with which you art familiar. The SpDT
(single-pole, double-throw) sWITCH, which is
mechanically connected to the wiper arm of, the
CONSOLE LIGHTS, CoNTRoL variable transformer,

_is actuated whenever the CONSOLE LIGHTS CON-
TROL is moved from the oFF position. Therefore,
the LEFT and RIGHT CONSOLE RED FLOODLIGHTS
are on whenever the instrument lights are on.
The pilot can switch them from dim to medium
or bright. When they are switched to the DIM
position they have 7.5 volts applied. When they
are switched to MED they are connected to a
14-volt bus, and when they are in the UT posi-
tion they have 28 volts applied. The floodlights
have red lenses to reduce night blindness.

17-5. White.ofloodtights are provided on most
aircraft for use during thunderstorms to lessen the
blinding effecr of lightning flashes. They are also
used in the daytime during dull light connections.
These lights are often connected to the dc bus
and serve as emergency instrument lighting if ac
power fails.

17-6. A utility spotlight, commonly referred
to as a "C-4" light, is generally located at each

crewmember's station on most aircraft. It is at-
tached to a long, coiled, electric cord. It can be
removed from its mounting bracket and attached
to any convenient spot by means of a spring clip.
The light can be changed from red to white by
turning the lens housing. The light 'contains an
integral ON-OFF SWITCH that includes an intensity
control. A pushbutton is provided-.on the case,
near the control switch. This button.provides full
light intensity, regardless of the setting of the
intensity control. This light may be 'used for
utility purposes as well as for mapreading.

17-7. Warning Lights. The"pumber of warning
lights installed in an aircraft varies, depending on
the number and complexity of its systems. Each
warning light is studied as a part of its specific
system. However, provision is usually made for
testing the operation of the lights as a group.
In most cases this is done by means of a momen-
tary contract toggle switch. When the switch is
held on, the warning lights will illtnninate, and
they will go off when the switch is released.
Warning lights are used to indicate unsafe condi-
tiOns, such as landing gear that is not locked,
low fuel level or pressure, or possibly a bomIP
bay door that is not completely closed.
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17-8. Other Interior Lights. So far in this chap-
ter we have discussed the lighting systems found
on most aircraft. The larger tanker, cargo, and
bomber-type aircraft have several lighting Syscins
that are not required on the smaller craft. Cargo
and passenger aircraft have cabin and cargo
compartment lights, which, of course, are un-
necessary on other aircraft. Bombers have bomb
bay lights and crawlway and walkway lights, as
well as lights in equipment storage areas.

17-9. Tanker aircraft such as the KC-135
have lights in the boom operator's compartment
that are similar to the lights in the pilot's com-
partment. These include instrument and panel
lights, floodlights, and a utility spotlight; all of
these have been described earlier.

17-10. Wheel wells on the larger aircraft also
contain lights to provide illumjnation, either in
flight or on the ground, for the wheel well and
surrounding arcas. A control switch is generally
found in one wheel well which the refueling
crew can use to provide light for single point
ground refueling. The wheel well lights may be
operated on either ac or dc power. This situa-
tion enables the ground crew to operate the wheel
well lights on dc power during ground refueling
Operations.

17-11. The trend in modern aircraft is toward
ac lighting systems. Provisions are incorporated
in these aircraft to provide dc power for emer-
gency lights. Cabin lights, cargo compartment
lights, and the ground refueling light are some of
the lights which pperate from this dc power.

18. Exterior Lighting Systems

18-1. The exterior lighting systems generally
fall into one of two categories: those which in-
crease pilot visibility or those which attract the
attention of other aircraft. The first category of
improving visibility pertains to the landing and
taxi light systems. These systems provide the
lighting that is required on takeoffs, landingi,
and ground taxi operations. The second category
of exterior lights, that of attracting attention,
helps to prevent aircraft collisions. Systems that
are designed to attract attention include naviga-
tion lights (often called position lights), ANT.ICOL-è
LISION LIGHTS, and join-up or formation lights.
On aircraft that can be refueled in flight, lights
are installed in the air refueling receptacle and at
the wing roots for overwing lighting. Tanker-type
aircraft also have additional exterior lights to
facilitate refueling.

18-2. Landing Lights. The landing lien or
lights are mounted so that when they are-turned
on they direct a beam of light forward. As their
name implies, these lights are used for illumina-
tion during night landings. Landing light systems
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vary from one aircraft to another, but a typical
circuit for an entire exterior lighting system is
shown in foldout 6. The control voltage for thc
landing light comes from the dc bus through a
5-ampere circuit breaker and the LANDING LT
AND TAXI LIGHT SWITCH to the LANDING1TGHT
RELAY. The relay ground is through the left main
landing gear down limit switch. This insures that
the landing light will not come on with the lahd-
ing gear up. When the relay closes, 28 volts of
ac power is applied to the landing light filament.
In this particular installation, the landing light is
installed in the door that covers the nose wheel
well. When the wheel well door is open, the land-
ing light is in proper position for landing.

18-3. As we mentioned earlier, landing light
systems vary between aircraft. On some aircraft,
a landing light is mounted in the leading edge of
each wing, a light is attached to the nosewheel,
and a retractable light is on the underside of the
right wing. The two wing lights can be turned
on and the retractable light can be extended and
turned on with the landing gear up. The nose
gear light will not come on until the gear is
down and locked. Dc is used to control the land-
ing lights, including the motor of the retractable
light; however, the filaments of all of them are
energized by 28 volt ac. The retractable light is
extended and retracted by a dc reversible motor.'
Limit switches are incorporated into the circuit to
limit travel of the lamp assembly and turn off
the light when the assembly is retracted.

18-4. Another landing light system includes a
crosswind landing light and a terrain clearance
light. The crosswind landing light is mounted on
the steerable front wheels and illuminates the
area in the direction in which the front wheels
are aimed rather than in the direction in which
the aircraft is aimed. During the crosswind land-
ing, the two directions may be quite different.
The terrain clearance light is a retractable light
that directs its light (when extended) down and
forward so that the pilot may better judge his
distance above the runway.

18-5. One more landing light system is a re-
tractable type of assembly. The assembly carries
a lamp which has two filaments of different watt-
age ratings. The high-wattage filament is in use
when the CORtrOl SWitCh is in the LANDING LIGHT
position, and the low-wattage filament has power
applied when the switch is moved through OFF
to the TAXI position.

18-6. Taxi Lights. Taxi lights are used on air-
craft to provide liOt while the aircraft is being
taxied at night. They are often less bright than
the landing lights, as indicated in the above
paragraph, but they are usually mounted inl-
most the same position. The taxi light system
shown in the exterior light schematic (FO 6)



uses a separate terminal of the same control
switch as the landing light and parallels the land-
ing light circuit throughout.

18-7. On systems that employ the crosswind
landing light, a crosswind taxi light is also
mounted on the same bracket. This provides
light ahead of the wheels when they are not
pointing in the same direction as the aircraft
because of a high crosswind.

18-8. In a typical tanker aircraft system, the
wing illumination lights are incorporated into the
taxi light system. The taxi and wing illumination

ts may be turned on in flight to provide light

un g air refueling operations.
011

18-9. Position Lights. The position lights are
often called navigation lights. These lights are
mounted on the wingtips and tail assembly of the
aircraft. The left wing light is red, the right wing
light is green, and the taillight is white. On the
schematic of exterior lighting systems (FO 6), it
cin be seen that the position lights are closely
associated with the join-up lights. The joinvp
lights take the place of formation lights on some
other types of- aircraft. On the external lights
control panel are two switches that control the
position lights. One of them controls both wing
lights and the other controls the taillight. The
lights may, be turnea on either bright or dim.

18-10. Power- for the lights when they are on
BRT comes from a 28-volt ac ,bus through a 15-
ampere circuit breaker: Power for the DIM lights
comes from 14-volt ac bus through a 10-ampere
circuit breaker. Power for the wing lights, then
goes from the switch directly to the light trans-
formers, where the voltage is steppeasiown to 6
volts for both the position lights and the join-up
lights. Power for the white taillight goes to a set
of contacts in the FLASHER RELAY and then to
the taillight transformet Notice the flags num-
bered "6" at the transformer and at the light.
These flags indicate a note at the bottom of fold-
out 6 which tells us of a change in wiring on
some installations.

18-11. In order for the taillight to chine on,
the set of contacts in its power lead controlled
by the flasher relay must be closed. In this way
the white formation light is tied in with the
flasher system and the anticollision system. Power
to close to the FLASHER RELAY Comes through the
ANTICOLLISION SWITCH. When the switch is in the
STEADY position, the FLASHER RELAY stays closed.
When the switch is in the FLASH .position, power
to the FLASHER RELAY is interrupted by the flasher
as it opens and closes the circuit. In the STEADY
position, 28-volt dc is applied across the switch.
across the jumper between B and. C terminals of
the flasher, and on the coil of the FLASHER RELAY.
The taillight, will now illuminate and remain as a
steady whitelight.

i
77

18-12. When the ANTICOLLISION SWITCH is in

the FLASH position, the dc power is applied to
the A terminal of the flasher, causing the flasher
to operate. The flasher consists of a dc-motor
that drives a rotary cam which opens and closes
a set of contacts that energize terminals B and C
at intervals. The interrupted power is then ap-
plied to the FLASHER RELAY, which opens and
closes, causing the taillight to flash on and off.
The flasher also controls the ANTICOLLISION

LIGHTS.
18-13. Anticollision Lights. The ANTICOLLISION

Limns are designed to flash on and off to at-
tract the attention of other nearby aircraft so that
collisions may be prevented. In our schematic cir-
cuit, the ANTICOLLISION LIGHTS and FUSELAGE
LIGHTS are interconnected. Power for one (upper
one on FO 6) of the ANTICOLLISION LIGHTS

comes through a 10-ampere circuit breaker from
the 28-volt ac bus. It passes through a set of con-
tacts of the FLASHER RELAY and the ANTICOLLI-
SION RELAY before going to the light. Theitfore,
both relays must be energized before this light
will illuminate.

18-14. Power for the other ANTICOLLISION
LIGHT comes from the 28-volt ac line through a
15-ampere circuit breaker. This circuit breaker is

larger than the circuit breaker whichserves the
other anticollision light, because power for,,,the fu-
selage lights also comes through it. Power for this
ANTICOLLISION LIGHT also passes through con-
tacts in both relays and then on to the lights. At
the FLASHER RELAY, a lead joins the anticollision
power lead. This lead connects to a set of flasher
relay contacts, which when closed will permit
power to go to the fuselage light switch. From
the switch It goes to the fuselage lights in either
the DIM Or BRT position. When it is in the BRT
position, the flasher will be energized by the
jumper across B and C terminals, as described \
previously. However, the ANTICOLLISION RELAY
will not be energized; therefore, anticollision will
not come on.

18-15. When we move the ANTICOLLISION

SWITCH to the FLASH position, power from the
flash terminal of the switch is applied to the top
section of the FUSELAGE SWITCH. Now, if the

FUSELAGE SWITCH is in the BRT position the
ANTICOLLISION RELAY Will close and the ANTI-
COLLISION LIGHTS will flash. To sum up, the
ANTICOLLISION LIGHTS will come on only when
the fuselage lights are on bright and flashing.

18-16. Fuselage Lights. The fuselage lights
shown on our schematic of 'exterior lighting sys-
tems are not found on all types of aircraft. The
circuit for these lights is fairly simple. The switch
setting determines whether the lights are bright
or dim. They can be made to flash or burn steady
at either switch setting. The lamps are of the
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double-filament type and the filaments are of
different wattage ratings. One of the filaments is
energized for bright lights, the other for dim
lights.- A separate transformer that Steps the volt-
age down to 6 volts froni 28 volts is used to ener-
gize each filament.

18-17. Other Exterior Lig Ating Circuits. Nearly
every type of aircraft has some type of lighting
circuit that is peculiar to its configuration, since
it is designed to serve a particular purpose. For
example, the joiniup lights on the F-4C. mark
the trailing edge of the wingtip as a guide to
other aircraft flying formation. Aircraft designed
for air refueling have exterior lights marking the
refueling receptacle.

18-18. Tanker aircraft are equipped with a
rendezvous light system. This system consists of
rotating lights on both the bottom and top of the
aircraft. They serve as beacons for aircraft ap-
proaching for air refueling. Each lamp assembly
contains four lights. Two of them reflect a high
beam and the other two reflect a low beam. Also,
two of the lights are of one color, and the others
are another color. By controlling which color
and which beam is illuminated, coded signals can
be flashed to aircraft in the vicinity.

19. Lighting System Analysis
and Maintenance

19-1. A great part of troubleshooting can be
eliminated or at least reduced by carefully analyz-
ing an ailing system from technical order sche-
matic diagrams. In most cases involving lighting
systems, however, 'the trouble is a burned-out
bulb. This trouble is so common that povisions
are made to carry spare bulbs ,for the light in-
stallations that are accessible during flight. It is
common practice to change the light bulb before
performing any maintenance procedure, except
checking to see that the circuit breaker has not
opened..It is when changing bulbs does not cor-
rect a malfunction that circuit analysis and trou-
bleshooting begin.

19-2. Circuit Analysis. In order to analyze
circuits you must know the eypes of circuits,
such as whether a circuit is akseries, a parallel,

'or a combination series-parallel circuit.' You must
retoglize the symbols. used on schematic and
wiring diagrams to denote circuit components.

19-3. Let us use the'exterior light system sche-
matte (FO 6) and _determine from the diagram
what the trouble might be-if the taxi light did not
come on but, with the switch in the proper posi-
tion, the landing light lit. We stated above 't,hat
changing the bulb would often be the first step
when trouble developed, but in the cue of a
large light assembly, such as the taxi light, you
would quite likely check it first. To determine the

,
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possible reasons for the lamp not burning, you
should apply a little logic. We know the control
circuit is good from the bus to the switch be-
cause that much.of the circuit is in Common with
the landing light. Also, the gound circuit of the
relays is good through the L.H. LIMIT SWITCH
(GEAR DN). So now the lead from the taxi termi-
nal on the switch to the taxi relay coil, the relay
coil, or the lead from "X2" of the TAXI LIGHT
RELAY to "X2" of the LANDING LIGHT RELAY
might be the trouble. Also, the trouble might be
anywhere in the pdwer circuit from the circuit
breaker to the ground of the taxi light.

19-4. Before vie, cover troubleshooting, let's
analyze another circuit. Suppose the upper fuse-
lage light did not come on with the switch in the
DIM position. You would know, after a brief
study, that the trouble was either in the trans-
former, the bulb, the socket, or the short con-
necting wires of the dim circuit. In this case, a
change of bulbs would probably be the fastest
check and, therefore, the' first check. If changing
bulbs did not correct the trouble, further stein
would be necessary.

19-5. Other circuits of the schematic may be
analyzed in much the same way as the two
simple examples we have discussed. However,
since some of the circuits contain more compo-
nents and are more complicated than these two
circuits, in actual practice it would take more
time to analyze them. After you have analyzed
the system and have determined just what fac-
tors could cause a circuit to malfunction in a
particular way, you are ready to troubleshoot.

19-6. Troubleshooting. If the circuit analysis
has been thorough, troubleshooting of the cir-.

,cuit consists of a few simple checks. The checks
can be made with either a voltmeter or an ohm-
meter.; Most mechanics prefer the voltmeter be-
cause it,is easier to use and is faster, and also
because it is not necessary to isolate the circuit
to get true readings when it is used. Since the
circuit being tested with a voltmeter must have
voltage applied when tests -are being :made, the
mechanic muse talc'e necessary, safety precautions.

19-7.'Llsiurffircirouit of the taxi light that
we analyzed on foldout, 6, a voltmeter check at
terminal A2 of the relaY-yould show if 'the relay
closed properly. When the relay closed, a voltage
would, be found between A2 and ground. The

.pecharienufst know-and remernbecthe voltage
is 4,c .27e thipdint. -The 'next- checkpojnt would
usually, bt -tle lamp terminals tcs ground, Source
voltage should . be present at the, input terminal
and there- should 'be no..voltage at .the. ground
terminfil. If these readings are fciund but the light
'does' not'burn, the bulb is burned out. If voltage
is found on the ground side, the ground lead is
loose or broken., If zero voltage is found on the
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input terminal, an open in 'the lead going back
to_the relay is indicated.

19-8. When testing the same circuit with an
ohmmeter, you should first open .the circuit
breaker of the contra circuit, and thetgopen the
circuit breaker that carries power to the taxi relay
contacts. A check with the ohmmeter from the
terminal of the switch. marked "TAXI" on the
schematic drawing to4round should show the
resistance of the relay coil. A check from At of
the relay to the circuit terminal of the circuit/
breaker' should show zero resistance. A check
from A2 of the relay to ground would show con-
tinuity with the low cold resistance of the taxi
bulb. If no continuity is found, check on the
input side of the 'bulb. At this point, continuity
indicates an open lead back to the switch. If the
meter needle does not deflect, check the ground
side of the bulb to ground. A zero reading at that
point shows an open bulb; no needle movement
or a high reading indicates a broken or loose
ground co'nnection. After the trouble is found
and .corrected, the circuit is restored to an oper-
ating condition (circuit breaker closed) and the
circuit tested for operation.

19-9. The° tiMe needed to analyze:trouble-
shoot, and repair the lighting circuitry will de-
pend on many things. The skill and experience
of the crew that you have available will make a
difference, in the time involved. The type of air-
craft and the citcuits which are malfunctioning
also will influence the time required for' mainte-
nance. It takes longer to replace a component
such as a flasher unit that won't ,Iperate than it
does to ,replace a light bulk or-a fauky circuit

breaker.

-20. Window Anti-lcing Circuit
2 0-1 . One way of accomplishing window anti-

icing and window defogging is by using electri-
cally heated windows. The type of windows used,.
for this purpose are known as Nesa glass win-

dows.
20-2. Aircraft are equipped with Nesa win-

dows in designated areas to provide a means
for deicing and window defogging. The -Nesa
windows installed on one aircraft are basically
the same as any other Nesa window you may
have worked on. In the event you have had n9
experience with this type of window, it is a shat-
terproof window constructed somewhat like a

"sandy/ h," having an inner glass pane, a lai,ef of
vinyl çastic, the Nesa compound, and the outer
pane. bus bars are bonded to the Nen film
on opposite edges of the outer pane. These are
joined to two external connectors which come
from the ac power supply. To control the heat
applied to the window, a temperature-sensing

6.
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element is imbedded in the vinyl layer of the
"sandwich" and connected to a temperature con-
trol unit through the proper leads. The window
is assembled by inserting the glass "sandwich"
into a molded phenolic frame, which is fastened
to the aircraft structure with screws and clips.

20-3. Nesa Windows. There are basically two
types of Nesa windows. One is used for both
anti-icing and defogging, and the other is ustd
only for defegging. Both windows are of the
sandwich type.

20-4. The windows that provide both- anti-
icing and defogging have the conductive coating
between the outer pane and the vinyl plastic. The
defogging windows have the conductive coating
between the inner pane and the vinyl plastic.

20-5. Temperature Control. The sensing ele-
ments embedded in the vinyl plastic layer of the
anti-icing and defogging windows provide the
necessary temperature regulating.

20-6. This is accomplished by the resistance
variations of the sensing elements as a result
of window temperature change. This resittance
change is transmitted to the controller amplifier
and controller bridge rack (fig. 49). The 'bridge
circuit between the amplifier and sensing unit
controls the heat of the window by controlling
the electrical power to the window. The window
heat will be applied when the sensing element
resistance is between 330 and 342 ohms. A
voltage of 6.3 volts is supplied to the sensirig
element by a transformer contained in the con-
troller amplifier (fig. 49) to establish the auto-
matic temperature control point. Manual adjust-
ments for the regulation of temperature between
32.3° C., (90° F.) and 54.5° C., (130° P.) are
located on the exterior of the controller bridge.
There are two adjustments that may be made on
the controller amplifier. These adjustments are,
accomplished through the TEMPERATURE adjust-
ment potentiometer, which is used to adjust the

'control point of the. temperature desired; and
...the DIFFERENTIAL adjustment potentiometer,
which is used to adjust The width of the tempera-
ture range arid to provide positive closure of the
relay Contacts of tl)e amplifier (fig. 49). This
.,
is the only maintenance that you can perform
on the amplifier while it is installed on the air-
craft, so if these two adjustments, do not correct
the trouble, replace the unit.

. ...-4,

20-7. In some cases the Neia window's elec-
trical resistance will increase with age It is pos-
sible to have an overheat condition occur in- a

Nr. 2 window if a resistance increase should take ..

place in' the mating Nr. 1 window. Therefore, the
resistance of the windows should be checked at

6 month intervals. The procedure for this check
will be explained at the end of this section.

53,

...



arc9 r--
w..ow

.1...rb 1

...1N .c.e.31
Utc

is.

.

4.

34

NO 1.44 I
I whim

cannot

I MOS

I

112tV I

co.,

INO 7-44 I

I1134eb 1
34

fOT MS
CONDI

N I

11CO3
+c

04441 mon
Amato PAM

MINNIMINO

AtiTatu

KOMI
CONTS04
MAWS

X 1

MHO TI1401010410

02011.41911
C0101303

Como»
No, I WINDOW

't

P14071
NO 7 W111000

'"'"""3411111.
0

4

3

-o.

o.....

II

I TAl
II 0-4.

CONTOct

Amo
ouoasooludid

NO 4

Celt°r"W"fiS

utArs

mIaucM SOMPIIINO MAU

533

SW1104

140 S

TEMP
ADJ

CO44110013 MOO RACK

INMAN
SWITCH

NO 3

RNA"
WiTCH

NO 3

0-)
CONTIOUII AmPloffis

#54444
wITCN

Piton
wINOOWS

PROS 011 °onto" so. i PIOT 00 CONIOT NO 3

WINDOW TIIAMOOLSKI WINDOW
NUKING comecy 'NARKING

N I N I N

: N I 14 11

N I N

Figure 49. Window anti-icing cir-cuit.

TRANSFORM'S
CONVICT

N
p
N

NR $004

0
0

44071
° NO I WINCIow

WNITI co,K07 s
NO 7 WINDOW

SIACK

534



20-8. The tempehture control circuit for the
defog windows is somewhat different from that
previously discussed for the anti-icing windows.
The temperature for these windows is controlled
,by individual thermal snap switches.

20-9. The thermal switch face is held in con-
tact with the inner pane by means of a torsion
spring on the switch bracket. A marked arrow is
provided on the window edge to enable the tier-
?nal switch to be placed in the !proper position.

'The switch is an SPST switch rated at 115 vac
at 380 to 1000 cycles. The contacts are normally
closed and have a control point of approximately
100° F.

20-10. The thermal snap switches for the de-
fog windows are connected to a 115 vac source
and provide a window heating voltage or approxi-
mately 7 vac to the Nr. 4 windows (fig. 49)
and 45 vac to the Nr. 5 windoWs. The Nr. 3
windows are ip parallel with the 4 and 5 com-
binations, as shown in figure 49.

20-11. Operation. The electrical system uses 28
vdc and 115 vac. The 28 vdc circuit (see fig.
49) merely supplies power to close an ac power
relay. You will note in figure 49 that the ac
relay, when closed, completes a circuit to the
autotransformer; the 115 vac to this transformer
is stepped up to approximately 250 vac in the
Low selection of power. This increased voltage
applied directly to the Nesa window causes it
to heat. In the HIGH switch position, the volt-
age from the transformer is approximately 400
volts. The window teipperature range itself is not
affected by either type of voltage applied; the
high8r voltage merely allows the window to reach
the proper temperature sooner.

20-12. Perhaps, at this point, we should cau-
tion you about selecting the voltage that you ap-
ply to,the window. You should always place the
contrbl switch, which is a gang type switch, in
the LOW position and allow a I5-minute warmup
period before moving it to the Hidn position.
You can easily see that initially selecting the
indu position without allowing the I5-minute

-a

warmup period might bring on real trouble. A
rapid application of heat to a cold window sur-
face m;ght easily'break the glass. After the warm-
tip period, you can move the switch to the HIGH
position. The HIOH switch position is needed only
during .extreme icing conditions. You will find
that for purposes of normal operation the switch
can stay in the LoW position.

20-13. If you look at figure 49 for a moment,
you will notice that the anti-icing windows con-
tain sensing elements. The resistance of this ele-
ment is the fourth leg of a Wheatstone bridge.
When the element is cold, its resistance is such
that the bridge circuit becomes unbalanced. When
this happens, a signal appears at the amplifier,
where it is amplified and sent on to energize
the amplifier control relay. You will notice by
tracinithrough the circuit that when the amplifier
control relay closes, the dc circuit is completed
to the ac power relay, which allows ac power to
be applied to the window. When power is applied
to thc window, the temperature-sensing element
embedded in the window begins to absorb heat
from the warming Nesa compound and starts to
change its resistance. When the temperature of

`the glass surface reaches the desired setting, the
resistance of the sensing element is such that the
bridge circuit is balanced. This cancels the signal
to the amplifier and shuts off the heat. Whcn the
window cools to a point at which the bridge
circuit again becomes unbalanced, the cycle is
repeated. Perhaps you are wondering what the
temperature of the Nesa glass is under operating
conditions. ,Vsually the sensing element unbal-
ances "the,,bridge circuit when the temperature
drops betow 100° F. (43.4° C.).

20-14. Operational Check. For a satisfactory
operational check, the ambient temperature

. should not be above 75° F. All the window' leads
shodld be connected to the proper transformer
terminals (see table .3). When the sensing leads
from the pilot's window Nr. I and the power
leads from pilot's Nr, I and copilot's Nr. 2 win-
dows are' disconnected, a 0- to 500-vac volt-

TABLE 3

PILOT'S AND COPILOT'S WINDOW VOLTAGES

-

Window
Terminal
Marking

'
Transformer

Terminal
Marking

Resistance
in

Ohms

Volt (A pprox)
. Window Heat

Control Switch
Normal

Volt (Approx)
Window Heat

Control Swritch
High

Pilot or Copilot H 1
.

. HI 43.8-48 220 307
Window Np 1 H2. H2 ' ' 39.6-43.8 216 293

H3 H3 35.4-39.6 . 200 178

Pilot or Copilot H4 H4 . 66.6-72.9 183 254
Window Nr 2 H5 H5 60.2-66.6 175 243

H6 H6 53.9-60.2 166 232
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meter is placed across the power leads of win-
dow Nr. I and a similar voltmeter is placed
across the power leads of window Nr. 2. A 0-
to 400-ohm resistance box set at 342 ohms is
placed across the sen ..1 leadk With external
power connected anli th ...ow heat cogtroI
switch moved to the . , MAL position, the
voltmeter should read ft... When the variable
resistance on the box is reduced to 330 ohms,
the voltmeter should read in accordance with the
chart in table 3. Resistance of both windows is
measured with power off. If the resistances are
within the ranges corresponding to the values
shown in table 3, the windows are satisfactory.
A resistance check of the sensing element should
be made if no voltage appears or if the con-
troller does not operate to reduce the voltage
to zero within 2 minutes with an ambient tem-
perature of 70° F. or greater..If the controller
works satisfactorily and the window heat control
switch is placed in the HIGH position, the volt-
age should. read in accordance with column 5 of
table 3 when the controller power cycle is on.
It is important that the windows are not damaged
due to overheat. The, thermal switch should op-
erate to remove power from the window in ap-
proximately 1.0 minutes, if the temperature is
70° F. The applicable TO will give specifications
of an operational check for a particular window.

20-15. Troubkshoodng. When troubleshooting
the window anti-icing circuits, you should be
extra cautious. There are some very high voltages
in this systein that could be dangerous to both
personnel and equipment.

20-1.6. Referring to figure 49, if Nrs. A and 5
pilot's windows are inoperative and Nr, 3 window
is operating satisfactorily, the probable cause is
a defective thermal switch or wire. A test of the
thermal switch on Nr. 4 window should indicate

.

(

5 / 7

continuity. If there is no continuity, the thermal
switch is defective and should be replaced. There
should be continuity reading of the wiring from
Nr. 4 switch through Nr. 5 switch. If there is no
continuity, an open circuit exists, and all de-
fective wiring should be repaired or replaced.
Now let us suppose .that the copilot's set of win-
dows fails to heat with the control switch in any
position. There are several things that could cause
this trouble: the circuit breaker, the sensing ek-
merkt, the temperature controller, the autotrans-
former,,or, the control switch. The circuit break-
ers should be closed (pushed in) and serviceable.

' After disconnecting the leads to the sensi
ment at the window, a reading of pnfiuity of
the element should be present. IZfrre is no
continuity, the element is defective and should
be replaced. Subs,tituting a new controller ampli-
fier and/or controller bridge rack ',will deter-
mine whether or not the original controller is de-
fective. Disconnecting either X1 or X2 lead from
the autotransformer and applying 115-vac, 400-
cycle power directly to the unit will determine
the status of the autotransformer. High voltage
will be present, and extreme caution must be ob-
served. Refer again in the text to table 3, "Pilot's
and copilot's window voltages." This load voltage
front HI through H6 should agree with those
given in table 3; if wilt, replace the defective auto-
transformer. The control switch should read con:
tinuity across the switch terminals of its respective
NORMAL or HIGH position. If there is no continuity
on either check, the switch should be replaced.
There should be continuity of wiring between
each component. If the resistancie is infinite, then
repair or replace all defective wiring. This con-
cludes our discussion of troubleshooting the mis-
cellaneous control circuits.
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This workliook places the materials you need where you need them while you
,gre studying. In it, you will find the Study Reference Guide, the Chapter Review
Txercises and their answers, and the Volume Review Exercise. You can easily

compare textual references with chapter exercise items withciut flipping pages
back and forth in your text. You will not misplace any, one of these essential
study materials. You will have a single reference pamphlet in the proper sequence
for learning.

These devies in your workbook are autoinstructional aids. They take the
place of the teacher who would be directing your progress if you were in a
classroom. The workbook puts these self-teachers into one booklet. If you will
follow the study plan given in "Your Key to Career Development," which is

'in your course packet, you will be leading yourself by easily learned steps to
mastery of your text.

If you have any questions which you cannot answer by referring to "Your
Key to Career Development" or your course material, use ECI Form 17, "Student

Request for Assistance," identify yoursetf and your inquiry fully and send it to
ECI.

Keep, the rest of this workbook in your files. Do not return any other part
of it to ECI.

EXTENSION COURSE INSTITUTE

Air University
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STUDY REFERENCE, GUIDE

1. Use thi.? Guide as ci Study Aid. It emphasizes all important study areas of this volume.

2. Use the Guide as you complete the Volume Review Exercise and for Review after Feedback
on the Results. After each item number on your VRE is a three digit number in parenthesis.
That number corresponds to the Guide Number in this Study Reference Guide which shows you
where the answer to that. VRE item can be found in the text. When answering the items in your
VRE,- refer to the areas in the text indicated by these Guide Numbers. The VRE results will be
sent to you on a postcard which will list the actual VRE items you missed. Go to your VRE
booklet and locate the Guide Number for each item missed. List these Guide Numbers. Then go
back to your textbook and carefully review the areas covered by these Guide Numbers. 'Review
the entire VRE again before, you take the closed-book Course Examinatkin.

3. Use the Guide' for Follow-up after you complete the Course Examination. The CE results will
be sent to you on a postcard, which will indicate "Satisfactory" or "Unsatisfactory" completion.
The card will list Guide Numbers relating to the questions missed. Locate these numbers in the
Guide and draW a line under the Guide Number, topic, and reference. Review these areas to
insure ytitir mastery of the course.

Guide
Number Guide Numbers 300 7400 322

300 Introduction to Landing Gear and Associ-
ated Systems; Heavy Aircraft Landing Gear
System: General; Landing Gear Lever
Lock Circuit; Landing Gear Position and
Warning System, pages 1-4

301 Heavy Aircraft Landing Gear System: Anti-
skid Control Circuit, pages 4-9

302 Fighter Aircraft Landing Gear, System,
pages 9-14

303 Introduction to Flight Control Electrical
Systems; Wing Flap Control Circuits, pages
15-18

304 Stabilizer Trim Control Circuit; Aileron
Trim Control Circuit, pages 18-20

305 Introduction to Warning Circuits; Fire and
'Overheat Warning: Thermal Switch Circuit,
pages 21-24

306 Fire and Overheat Warning: Thermocouple
Fire Warning Circuit; Photoelectric Circuit,
pages 24-27

307 Fire and Overheat Warning: Continuous
Cable Circuit, pages 27-30

,308 Master Warning and Cau on System; Bail-
' out Warning Systeln, pa s 31-36

309 Troubleshooting and Warning Circuits,
pages 36-38

1

Guide
Number

310 Introduction to Fuel Systems; Main Fuel
Systems: System Components, pages 39-44

311 Main Fuel Systems: Operation, pages 44-45

312 Air Refueling Circuits; Fuel Scavenge Cir.
cuits, pages 45-48

313 Introduction to Power Plant and Related
Control Circuits; Starter Systems: General;
DC Starters, paged 49-51

314 Starter Systems: Fuel-Air and Pneumatic
Starters, pages 51-57

315 Starter Systems: Maintenance of Starter
System Components, pages 57-59

316 Auxiliary Components. pages 59-62

317 Ignition Systems: TEN-1 Ignition System;
Nonregulated and Regulated Systems,
pages 62-65

318 Ignition Systems: Operation of TEN-1
Systems; TFN-6 Ignition System, pages
65-69

319 Related Power Plant Control Systems,
pages 69-72

320 Introduction to Utility Systems; Interior
LightingSystems, pages 73-76

321 Extenor Lighting Systems; Lighting Sys-
tem Analysis and Maintenance, pages 76-79,

322 Window Ahti-Icing Circuit, pages 79-82



CHAPTER REVIEW EXERCISES

The following exercises are study aids. Write your answers in pencil in the space provided after each
exercise. Immedktely after completing each set of exercises, check your responses against the answers for that
set. Do not submit your answers to ECY for grading.

Chapter 1

Objective. To be able to recognize important clrecteristics of landing gear systems, including the landing gear
control panel and the landing gear position and warning system, and of the antiskid system, including the skid
detector and the antiskid control valve.

1. What is the purpose of the landing gear lever lock circuit? (1-4)

2. When does the red warning light in the gear control lever illuminate? (1-9)

3. If a gear is up and locked, but the indicator shows an intermediate position, what is the mostprobable
cause of trouble? (1, Pars. 10 and 15) (1-10)'

4

4

4. While a gear is extending or retracting, what is the indication on the position indicator for that gear9 (1-10)

5. How is the ground circuit for gear position indicators completed? (1-14)

6. What is the purpose of the main load switches? (2-10)



S.10
, 7. When is t he control coil of the fairing door safety relay energized? (2-10; Table 1)

%

It

"....../

......

8. What is the purpose of the holding coil of the fai'ring door safety relay? (2-10; Table I )

9. When are the gear sequence switches actuated to the CLOSED position? (Sec. 2, Pars. 10 and 1 1)(2-10, 11)

-

3

10. Why is it necessary to have a siquencing circuit in a landing gear system? (2-24)

Chapter 2

Objective. To show knowledge of electrical circuits associated with flight control systems, including circuitry

involved in wing flap systems and in stabilizer and aileron trim control systems.

I. How does the wing flap motor change its direction of rotation in the wing inboard and outboard flap

system? (3-4)

2. Why is it necessary to have an internal brake in the flap motor? (3-5)
*

4111X

3. When will the wing flap warning circuit cause the warning horn to sound? (3-7)

1

3

553
)



41 4111.

4. What prevents further operation of the leading-edge flaps once the flap lock actuator is in the LOCXED

position? (3-1 I , 12)

a

5. What is the purpose of the leading-edge flap H-BOX? (342, IS)

6. How are the leading-edge FLAP POWER DOWN and UP IVLAYS energized and deenergized? (3-15, 17)

7. In cleaning an actuator, what is used to wash all nonelectrical parts? (3-21)

8. What is the purpose of the stabilizer trim heater? (4-9)

9. In the aileron trim control circuit, what prevents the aileron takeoff trim indicator lights from operating

when the aircraft is airborne? (5-8, 9)

10. During an operational checkout of the aileron trim system, what twolystems must be powered? (5-10)

t
t..)

4



'Chapter 3

Objective: o demonstrate knowledge of the systems used to warn of fue and overheat conditions, including the

--- .,, the switch, thermocouple, photoelectric, and continuous cable systems, and of the master warning and .

cauIon circuit.

1

z
1. Name the four different types of fire detection systems currently in use on AFtiluipment. (6-1)

2. How does a thermal switch operate? (6-5)

3. Into wh,tt three circuits is the thermocouple fire warning detection system divided? (6-16)

s

t

4. How does the thermocouple ciperate in a warning system? (6-18)

I

5. Why is it important that a polarity check of a thermocouple fire dettotor system be made? (6-21)

6. At what frequency range will the photoelectric circuit become activated to cause the warning lights in a

photoelectric fire warning system to illuminate? (6-22)

4-

I

7. HoW does the sensing loop in a continuous cable fire warning system operate? (6-29)

4

5
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8. What is the purpose of the master warning and caution system? (7-1)

9. In the master warning and caution system, what is the purpose of the ground protection relay9 (7-17)

%4"......

10. What are the two conditions in the master warning and caution system under which the master warning
lamp will go out? (7-14, 19)

11. What is the purpose of the takeoff warning circuit? (7-23)

12. What is the purpose of an annunciator panel? (7-24)

4,

.,
I

13. What causes the photocell unit to activate in a smoke detector warning circuit? (7-24)

14. In the emergency alarm bell and warning horn circuit, what is the purpose of the capacitor in parallel with
the master alarm bell? (7-26)

a

6

C-; :---
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15. In the door *warning circuits, how is each indicator circuit completed? (7-27)

16. In the door warning circuits, what two things most occur for the warning light not to illuminate? (7-27)
-

17. In the bailout warning system, what are the different warnings available to each crewmember before he

ejects? (8-1)

\
18. In the bailout warning system, what is the indication for the pilot when all the ciewmernbers have ejected?

(8-1)

N.

19. What determines tile troubleshooting procedure for the master warning and caution system9 (9-2)

Chapter 4

Objective: To understand main fuel system components and the air refueling and fuel scavenge circuits.

I. In the fuel system, what information is found on the boost pump? (10-5)

..,

I

2. Of the three types of fuel valves discussed ih the fpel system, which type is generally found as a fire .shutoff

valve? (10-7) ,

\
7
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3. What is the purpose of a fuel level control valve? (10-13)

4. In the air refuelmg control system, wliat is the function of the induction coil the air refueling
receptacle? (11-4)

5. What is the purpose of a fuel scavenge system? (12-1)

Chapter 5

Objective. To demonstrate knowledge of the engine starter and ignition systems and the control circuits of the
otl cooler flap actuater, cowl flaps, and water injection systems.

I. What is the relationship between torque and current in a series starter motor? (13-5)

2. What is the effect of reducing the field flux of a series dc motor? (13-8)

a

3. When does the presiure switch in the compressor circuit of the fuel-air starter-Operate? (13-20)

.4. What two sources can be Used to operate a conventional pneumatic starter? (13-26)

8
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5-: What'is the effect of an open centrifugal switch 11 the pneumatic starter discussed in the text 9 ( 13-31)

\
... L.5-34

r.

r ..) .....

.,

/
6. What protective device guards the cartridge pneumatic 'starter against overpressure conditions? 03-37)

..
- ...

..

./^ .......

C

\
7. Is it possible to ignite the pressure-relief squib on the cartridge starter during a low-pressure start? (13-4'2)

8 Why is it necessary to use more than one torquemeter on the Prony brake? (13-56)

-1
v

,

, t .

9 What is the effect.of grounding the p lead(primary lead) of a magneto? (14-5)

-

,

10. What is the primary difference betiveen an aircraft ignition switch and a conventional ignition sWitch?

(14-1 l ) . .

,
?

,..4......___,_,
41. What is the difference between a regulated and a nonregulated TEN sysfent? q5-6, 7)

. 4-. -'.
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12. Whet ts the output voltage of the itonregulated system dynamotor? (.1540) 4

.0 ..., t

I

,
13. Whit is%meant by "generatOr action"? (15-14)

I

i -.^..

.
t... 1,

,

-

Va,

-

14. Why are capacitors C6 andC7 used in both the regulated and nonregulated TEN ignittoLsystems? (15-11,,
/15)

0 /

/
,

,

15. What is a major difference between the regulated and nonregulated TEN system.), (1 5,15)

-

16. In ihe TEN-1 system, when does the Igniter plug cease conducting? (15-25)

-, ..

(
17. How is the sparking rate o EN-1 system increased? (15-30)

,

\

t

"r".----

18. What three systems are used to maintam proper engine'ternperature? (1 6-1)
.11t

. ....
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19. What system is used to coiltrôl the nolo., of air around the cylinders? (r6.2)

a

20. What prevents the actuator motor ftom coasting when the switch is opened? (16--3)

21. What device stops the actuator.if the control switch is' left in the OPEN Position? (164)

,

22. What must happen to air flow if engine temperature is to in5rease? (16-5)

14

23. Whit circuit component allows the pilot to stop the cowl flaps within their limits of travel? (16:-7)

1

24. Wlfat causes current to how in the micro positioner coil? (16-8)

.1

..25. What component could be added to this system to make it automatic? (16-9)

26. What controls the linear movement of the oil cooler flap actuator? (!611)

11 .

5 6 .
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27. Vihat releases the magnetic brake in the oil cooler flap actuator? (16-13)

4 ._

4

,

28. What compodents provide radio noise free operation in the oil cooler flap actuator? (16-15)

\..

29. What is injected in to an epgine to prevent detonation? (16-17)
.. - 0 '

c.

30. What supplies ADI systerp pressure? (16-18)

-
.

31. Electrical pOwer for ADI circuits comes from what,source? (16-19)

Chapter 6

,

..

Mal.,

t

f

.52,4

:.

Objective. To apply understanduig of the operation, circuit analysis, and 4oub1eshooting procedures of aircraft
, -
, .

1. Why does a bomber or cargo type ircraftrequire more lighting systems than a fighter aircraft? (17-1)

lighting systems and Nesa window system.

., '.

.:.

2. How are instruments ,illumingted if the rimary instrument lighting stem fails? (17-2)

1.4......411,
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3. If the secondary w:inding of the autotransfonner shown idfigure 47 were open, which lights would be
affected? (17-3; Fig. 47)

.

4. Why do some cockpit instrument floodlights have red lenses? (17-4) '

11,

5. Why are the white instrument floodlights connected to the dc bus system? (17-5)

6. liow does pushing the pabutton switch on the Utility light affect its brilliancy? (17-6)

I. °What type of lights would you be likely to find on cargo-type aircraft that would not be on fighter-type
airplanes? (174)

8. What special use is sometimes made of the wheel ;ell lights on large aircraft? (17-10)

V'

9. How tio the landing and taxi lights differ in overall purpose from such lighting systems as the formation
lighti and position lights? (18;1-)

13
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10. What feature in t--nosegear landing light circuit in Most aircraft prevent; the landing light from being

turned on accidetally? (18-3)
,

-

11. In order to have an effective crosswind landing light, what must be true of the front wheels? (18-4)
ai

-#.

I

,

,

12. How are the wing taxi lights of some tanker planes used other than for taxi operations? (18.8)

4 , e

4

Ar

3'92

13. If you see a nightflying aircraft with a green wing light to your right, is the aircraft going away or coming

toward you? (18-9) ,

i

/5

14. Why are some lights switched from a bus (hat provides 28 volt ac to a bus that has only 14 volt ac apptied

to it? (18-10) li

\

,

15. What provision is made for opening and closing the flasher contacts. (18-12)

\411 V
16. Why are ANTICOLLISION L1GHM designed to flash whenever they are used? (18-13)

5 6 .1

14 -

d
of

/

....^....,

fl

4



17. Why is the circuit breaker for one of pe ANTICOLLISION LIGHTS of larger capacity than the circuit

breaker for the other ANTICOLLISION LIGHT? (18-14)
0

18. In the fuselage light system discussed in this chapter, what happens when the lights are switched from

LIGHT to iDIM? (18-16)

19. , How does a tanker-type aircraft produce a coded signal for aircraft attempting a rendezvous for air refuel-

. mg? (18-18)

20. When checking a circuit with,ari ohmmeter, why must the section being checked be isolated from the rest

of the circuit? (19.6)

21 If a voltmeter mdicates a voltage on the ground side of a component, what trouble is indicated.' (19-7)

22. How is a Nesa window constructed in a Window anti-ice system? (20.2)

23. In the Nesa windoy) anti-ice circuit, what is the function of the controller amplifier? (20.6)

-

tr3-
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24. What is the purpose of a thermal switch in the Nesa window, anti-icing circuit? (20.14)

,.
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ANSWERS FOR CHAPTER REVIEW EXERCISES

Chapter I

I . The landing gear lever lock circuit prevenis accidental operation of the landing gear on the ground, In

addition, the lock circuit prevents retraction of the gear unless the gear trucks are level, the nose gear is

centered, and the weight of the aircraft is off the gear. (1.-41

2. The warning light in the gear control lever is illuminated when a gear position does not agree with the

position of the control lever or when one of the main gear doors is open. (1-9)

3. The Most probable cause of trouble when a position indicator shows an intermediate position when the

gear is up and locked is a faulty indicator or .no power aptilied to the indicator. (Sec. I, Pars. 10 and 15)

(1-10)

4. When a gear is neither in the up-and-locked nor down-and-locked position, the indicator shows a "barber

pole- condition. (1-10)

The ground circuit for the position indicator is completed through the related lock switch. (1.14) 44

The main gear load switches are used to prevent retraction of the gear when the gear struts are compressed

by the weight of the aitcraft. (2.10)

7 The control coil of the fairing door safety relay is energized when all gears are up and locked and all dcors

are closed and locked. (2-40; Table 1)

The holding coil of the fainnidoor safety relay denergizes the control coil of that relay after all the

wheel doors are closed and locked. (2.10; Table I)

9. The gear sequence switches are actuated to the closed position when the related.wheeLfatring doors are

fully open. (2-10, 11)

10. The sequencing system provides for proper cycling of the landing gear. Remember: The doors Must open

or close and the gear move up or down in the proper sequence to prevent damage to the components.

(2.24)

Chapter 2

1 The wing flap motor changes its direction of rotation by reversing the), phase sequence by means of relays, e.

3-4)

2 The purpose of the'brakeis to hold the flaps in a fixed position when the motor is nOt operating. (3-5)

3 The wing flap warning circuit will cause the warning horn to sound when the airplane is on the ground and

t he following condition exists: the flaps are not ftilly extended and either the number 3 and number 5 or

the number 4 and number 6 throttles are advanced beyond the IDLE position to a point that closes the

hrottles' control warning switches. (3-7)

4 When the flap lock actuator is uT the LOCKED position, the lock control switches open, thus preventing

any further operation of the leading-edge flaps. (3-11, 12)

5 The purpose of the leadmi-edgeTlan H-BOX is to limit the flap operation by the limit switches and to

stop the flap travel by means of the magnetic brakes. (3-11, 15)

The leading-edge FLAP POWER RELAYS are energized by moving the flap control lever to the UP.

T AKEOFF, or LAND position and deenergized by the UP LIMIT SWITCH or DpWN LIMIT SWITCH in

the H-BOX. (3-15,17)
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7. When cleaning an actuator, wash all nonelectrical parts in an approved cleaning solvent. (3-21)

8. The stabilizer trim heater prevents the FOLLOW-UP JACKSCREWS from icing. (4-9)

9. The ground-air safety relay prevents the aileron takeoff trim indicator lights from operating when the
aircraft is airborne. (5-8, 9)

10. During an operational checkOut of the aileron trim system, the eleCtrical system and the hy draulic system
must be powered. (5-10)

Chapter 3

I. The four different types of fire detectiOn systems in use are the thermal switch, the thermocouple, the
photoelectric type, and the continuous.cable. (6-1)

k,s95

2. A thermal switch operates when the temperature is so intense that it ciuses the Metal to expand
sufficiently to allow the switch contacts to close. (6.5)

3. The three parts of a thermocouple fire warning circuit are the detector, fhe alarm, and the test circuit.
(6-16)

4. When the temperature rises rapidly enough it causes the thermocouple to produce voltage. Thiscauses
current to flow in the circuit that energizes the sensitive relay, which in turn closes.the slave relay and
completes a circuit to the waining light. (6.18)

5. The polarity check is important becate a reversed therMocouple will hot only fail to operate the system
but it will have a tendency to counteract the output of other correctly connected thermocouples. (6-21)

The frequency range that will caiIse the photoelectric circuit to become activated in a photoelectnc fire
warning system is between 7 and 60 cycles per second. (6-22)

7.
1

A rise in ambient temperature causes the resistance between the center conductor,and the outer conductor
of the sensing loop to decrease. The resistance of the sensing loop is part of a bridge circuit, and once the
bridge circuit becomes unbalanced due to a change in resistance, current will flow, causing the warning
light to illuminate. (6-29)

8. The purpose of the master warning and caution system is to informt the pilot of a malfuncti; in the
aircraft by means of a warning light. (7.1)

9. The ground protection relay in the master warning and caution system opens the ground circuits for the
master warning and caution system lamps when external power is applied to the aircraft. (7-17)

10. The master warning lamp will go out when the lamp assembly is pushed and wilt remain out until a
different individual warning lamp signals trouble within its system, also the lamp will go out automatically
when the individual fault has been corrected. (7.14,19)

1 1. The takeoff warning circuit indicates when the aircraft is ready for flight by monitoring relays, such as
doors open, spoiler's closed, thrust-reverser, flap position takeoff, and horizontal trim relay. (7-23)

12. An annunicator panel identifies an individual warning circuit by iti respective lamp's illuminating when a
fault occurs. (7-24)

13. The photocell unit will activate in a smoke detecto'r warning circuit when enough smoke in the air causes
reflection of the beam of light, normally in parallel with the face of the photocell,.to make direct contact
on the photocell. (7-24)

14. In the emergency alarm bell and warning horn circuit, the purpose of the capaCitor in parallel with the
master alarm bell is to prevent arcing at the bell contacts. (7-26) .

VI
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15. In the door warning circuits,.each indicator will illuminate when its respective limit switch completes a

ground.'(7-27)

16. For the door warning light not to illuminate (1) door must be closed and (2) 'door must be latched. (7.27)

17. In the bailout warning system, the different warnings available to each crewmember before he ejects are
the flashing amber signal' light for alert and the steady red signal light for warning. (8-1)

18. When all the crewmembeis have ejected, the red CREW HAS EJEtTED signal light illuminates. (8-1)

19. The troubleshooting procedure for the master warning and caution system is based upon in operational
checkout. (9-2)

Chapter 4

1. The infQrmation on the boost pump indicates a 115/200-volt, 400-cycle, three-phase, ac induction motor.
(10-5)

2. The motor.drivin sliding-gate-type valve is generally used as a fire shutoff valve. (10-7)

3. A fuel ievel control valve admits fuel into eadh tank and automatically shuts off the fuel flow when the
tank is full. (10-13)

4. The induction cod at the air refueling receptacle in an,air_refueling control system transfers a disconnect
signal from the tanker to the receiver so that an automatic disconnect will take place. (11-4)

5. The purpose of a fuel scavenge system is to remove fuel trapped in the manifold by air-refueling in flight

or single-point refueling on the ground. (12-1) .44

Chapter 5

I. Jn a series de motor, the torque produced is proportional to the square of the current irk the armature,

(13-5)
1/44

2. When the field flux of a dc series motor is decfeased, the motor speed must increase in order to produce

the cemf reqtfired to prevent the motor from overspeed. (13-8)

3. The pressure switch in,the compressor circuit of the fuel-air starter closes when the pressure in the air

bottle decreases below 2800 ± 100 psi. (13-20) 4.

4. A c.onventional pneumatic starter may be operated by an external air source or by air bled from ai

operating engine.on the aircraft. (13-26)

5. If a Centrifugal switch in the pneumatic starter is open, the ground for the starter conirol valve is broken

and the starting cycle is terminated. (-13-31)

6. The safety disc of the cartridge pneumatic starter ruptures to vent cartridge gas Into the exhaust in the

event the breech pressure becomes excessive. (13-37)

7. No. The pressure-relief squib cannot be ignited during a low-pressure start because the selector switch is in

the low-pressure position. (i3-42)

8. Two torquemeters are used in the Prony brake to check-both-right-hand and left-hand rotations. (13 56)

9 When the p lead of a magneto is grounded, ignition does not occur. (14-5)

10. An aircraft ignition switch completes a circuit whexkit is in the OFF position, and a conventional ignition

switch opens a circuit when it is in the OFF position. (14-11)

II A regulated TEN system provides an even rate of sparking, and an unregulited TEN system fires the

\Igniter at an uneven frequency. (15-6, 7)
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12. The output voltage of the nonregulated system dynaMotor is 830 volts. (15-10)

13. "Generator action" means that the generator field is energized by,its owii output. (15,1 4)

14. Capacitors C6 and C7 in the TEN ignition systems proside protection against feedback by providing a
bypass to ground for radiofrequency currents. (15-1 1,W)

15. The regulated TEN system incorporates a carbon-pile voltage regulator that fends to produce a constant
dynamotor output voltage regardless of variations in battery voltage. (15-15)

16. The igniter plug in the TEN-1 system ceases conduction when cktcitors CI and C2 discharge. (15-25)

17. The sparking rate of the TEN-1 system is increased by moving the start switch to the AIR-START position.
This lowers the time required to charge the grid capacitor and the sparking rate is increased (15:30)

18. The three systems are the cowl flap system, oil cooler system and ADI system. (1 6-1).

19. The cowl flap system controls the air flow through the sYstein. (16-2)

20. The magnetic brake prevents the actuator motor from coasting. (16-3)

21. The "open" limit sWitch opens the circUit if the control switch is left in the OPEN position. (16:4)

22. Air flow must be reduced if engine temperature is to increase. (16-5)
,

23. A potentiometer allows the pilot full control of cowl flaps within their limits of travel. (16-7)

24. A cha.nge in resistance of the pot in the cockpit creates a difference of potential across the micro-positioner
coil and this causes currefit to flow in the coil. (16-8)

25. Installing a heat sensor to work in conjunction with the potentiomemeter would provide automatic
operation. (16-9)

26. Two adjustable limit switches control the linear movement. (16-11)

27. Current flow through the "brake" coil will release the brake. (16-1 3)

28. Two condensers provide radio noise free operation. (1 6-15)

29. A water-alcohol mixture is injected into the engine cylinders to prevent detonation. (16-17)

30. A centrifugal purtipfiriveri by a alolt dc motor. (1 6-L8)

31. Electrical power for the 'ADI iss"uppd by 28-volt dc bus. (16-19)

Chapter 6

I. The amount af lighting required by aircraft is partially determined by the number of crewmembers and

size. Since fighters are smaller and have fewer crewmembers, more lighting system's are needed on bomber

and cargo aircraft. (17-1)

2. If the primary instrument lights fail, floodlights illuminate the instruments. (17-2)

3. If the secondary winding of the autotransfOrmer shown in figure 4 7 were open, the integral instrument
lights would not light. (17-3; Fig. 47)

4. The red lenses on the cockpit instrument floodlights help to reduce night blindness. (17-4)

5. The white floodlights areconnected to the dc bus system because they are the emergency lights and they

can be used when ac power fails. (17-5)

6. When the pushbutton oil the ulthty hght is pushed, the intensity control has no effect' on the light, so it

burns at its greatest bnlliance. (17-6)

5 0
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7. Cargo aircraft have cabin and cargo compartment lights in addition to the cockpit lights found on fighter-
type aircraft. (17t8)

8. The wheel well lights, besides being used for illumination of the wheel well in flight, provides light for
single point'refueling when the aircraft is on the ground. (17-10) to

9. Landing and taxi lights are designed to provide iiluniination on other objects. Position and formation
.N. lights are designed to attract attention or to be seen. (18-1)

10. To prevent the nosegear landing lights from being turned on accidentally, the landing' gear mu4 be down
and locked before the light will come on. (18-3)

.1

,

'
11. In order to have an effective crosswind landing light, the front wheels must be steerable. (18-4)

12. The wing-mounted taxi lights on some tanker aircraft are used to provide light during refueling operations.

(18-8)
,

`k

13. If you see a flying aircraft with a green light to your right, the aircraft is going away from you. (18-9)

14. Lights are switched from a 28-volt ac bus to one of 14-volt ac when they are switched from BRIGHT to
DIM. (18-10)

15: A dc motor drives a rotary cam which opens and closes the flasher contacts. (18-12)

161 The ANTICOLLISION LIGHTS are designed to flash in order to attract attention of the crew of any near-
by aircraft and/hereby help to prevent a collision. (18-13)

17. One of the ANTICOLLISION LIGHTS is served by a larger circuit breaker than the other because the
circuit breaker also provides power' for the fuselage lights. (18-14),.

18. The fuselage lights discussed in this chapter are dual filament bulbs. The higher wattage filament is
entirgized for bright lights, while, the lower wattage filament is energized for chm lights. (18-16)

19. Tanker-type aircraft produce a coded signal by controlling the color and also by controlling Aether a

high or low beam is shown from the rendezvOus lights. (18-18)

20. When checking a cirvit with an ohmmeter, incorrect readings may result if the section of the circuit being
checked is not isolated. (19-6)

21. When a voltage is found on the ground side of a component, an open ground is indicated. (19-9)

22. In a window antiice system, the Nesa window is constructed of an inner glass pane, a layer of vinyl plastic,
the Nesa compoundxand the outer pane. (20-2)

23. The function of the controller amplifier in the Nesa window anti-ice circuit is to txintrol the heat of a
window by means of a bridge circuit between the sensing element and the controller amplifier. (20-6)

7.4. The purpose of a thermal switch in the Nesa window anti-ice circuit is to remove power from the window
in approximately 10 minutes if the temperature is 70° F. (20-14)

'N
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2. Note that numerical sequence on answer sheet alternates across from cohnn to column.
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Multiple Choice

Chapter I

I. (301) In the antiskid control system, the wheel brakes are

a. released when the V relay is energized.
b. released when the W relay is energized.

"c. applied when the W relay is energized.
d. applied when the skid detector contacts are closed.

2. (301) In the antiskid control system, the skid contacts in the skid detector

a. open the ground circuit for the W relays.
b. complete the ground circuit for the V relays.
c. close when the aircraft wheel speed decelerates relative to the detector flywheel speed
d. open when the aircraft wheel speed decelerates relative to the detector flywheel speed..

3. (302) What actuated the landing gear warning horn?

a. The thrqttle linkage. c. The uplock limit switch.
b. The landing gear handle. d. The downlock limit switch.

4. (300) In the heavy aircraft landing gear system discussed in the text, the function of the landing gear lock
switches is to

a. complete the ground circuit to the positien indicators pnly when the gear is up and locked
b. break the ground to the position indicator unless the gear is in the up-and-locked or down-and-tucked

$osition.
complete the ground circuit to the position indicators only when the gear is down and locked

d reak the ground circuit to the warning light when any gear is in the unlocked position.

5. (302) ow is the nose gear extended after pulling the emergency handle on a fighter landing gear system'

a. Hydr lically.
b. Electrf Ily.

c. Mechanically.
d. Pneumatically.

6. (300) In the avy aircraft landing gear system, what switch or switches must close before the spring-leaded
solenoid can release the lock on the landing gear control lever?

a. The nose centering switch. c. The main gear truck leveling switches.
b. The main gear safety switches, d. All of the above.

7. (300) On a heavy aircraft type landing gear system, the main gear is prevented from retracting by all of the
following except the

a. gear safety switch. c . landing gear lock switches.
b. truck leveling switch. .d. nose gear center switch.

utd
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Chapter 2

8 (303) During gr9ed operation, the warning hoin in the wingflap coritrol syS'tem will
. ,

a. flap retract limit switches complete a circuit to ground.
b. flap extend limit switches completea citcuit to.ground. .

c (laps are not fully'extended and the number 3 and number .4 throttles are advanced
position. .

d. flaps are not fully extended and the number 4 and number 6 throttles are advanced
position.

.,

9, (304) In the stabilizer trim heater circuit*, the overRat switch may be checked by .

a. applying dry ice to the thermostat.
b. placing a jumper wire across the thermoitat.

I

.operate when the

above the IDLE

above the IDLE

c. ghOrting out the heating elements.'
d. closing the stabilizer trim heater,circuit breaker.

10. 004) In the stabilrzer trim control circuit, the direction of rotation of the

a. actuator motor is reversed by reversink the phase sequence of the applied voltage.
b. actuator motor is the same, regardless of which relay is energized.
c. actuator motor depends upon which clutch in the clutch pack is energized.
d. followup screw is always the same, regardless of which relay is energized.

1 I. (303) The limit switches in the leading-edge flap H-BOX energize the

a. TAKEOFI. CONTROL RELAY. c. DOWN LIMIT SWITCH.
b. FLAP LOCK MOTOR. . d. MAGNETIC BRAKE.

12. (304) The aileron trim control system discussed in the text is powered
..

a. electrically only. c. electrically and hydraulically.
b. pneunvtically only. d. electrically and pneumatically.

13. (304) In the aileron trim control circuit, trim power cannot ix applied to both fields of the trim actuator
motor at the sameltme because of the

a. MAGNETIC BRAXE. c. TRIM SELECTOR SWITCH.
b. MOTOR LIMIT SWITCH d. TAKEOFF TRIM RECTIFIERS.

Chapter-3

14 (306) In a fire Warning cu'cuit contai`ning thermocouple fire detectors, the fire warning light flashes on
when

I.

i
a. there is a' rapid rise in temperature.
b, the reference junction temperature rises.
c the temperature reachesitpredetermined value.
d the thermal switch completes a circuit to ground. I.

15. (308) In the bailout warning system, the crewmembers are alerted when the indicator light is on
(.....__

a. steady red.
b. flashing red.

c. steady amber.
d. flashing amber.

16. (305) A thermal switch will close when exposed to a certain temperature because the

a two different metals when heated produce electricity.
b. outer shell has a high coefficient of expansion.
c . internal elements have high coefficients of expansion.

......-- d. switch blade that holds the pair of contacts will expand.

...
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17. (306) One factor that de

. detector circuit is the

a. total detector circuit esistance.
b. number of slave relays ing use

tit

rnunes the number of thermocouples that should be used in an individual ,

c. size of the thermocoufple relay box.
d. expected thermal test unit temperature.

1

18. (308) The warning lights in most door warning circuits are activated by

a. opening a switch. c. grounding a circuit.

b. hepressing a switch. d. applying a voltage.

19. (306) The amplifier in a photoelectric fire warning system is sensitive to signals

a. of infrared rays. c. from solar radiation.

b. of all frequencies. d. in a certain frequency range.

20. (308) The nver warning and caution system lamp assemblies' voltage on aircraft is

a. 28 volts dc.
b. 28 volts ac.

c. 28 millivolts dc.
d. 28 microvolts ac.

21. (307) In the continuous cable fire warning circuit in a four-engine aircraft;'the sdnsing element loop

consists of two

a. dissimilar wires which proddce a voltage when heated.
b. wires inside a mebal tube capacitor coupled to a fire warning amplifier.

c. wires that expand when heated and cause the electrical contacts to close.

d. wires separated by an insulating material having a negative coefficient of resistance.

22. (308) In the master warnrng and caution 'system discussed in the text, with the autorest switches closed,

a. the dimming switch is used to energize the light test relay.

b. both dimming relays will energize when the dimming switch is held in the BRIGHT position.

c. dimming relay A forms the holding circuit for dimming relay B.

d. dimn-ng relay B forms the holding circuit for dimming relay A.

23. (308) The operation' of the smoke detector warning circuit in the cargo compartment of an aircraft
<

depends upon the

a. radiation of the photocell.
b.' temperature around the photocell.
c. light being reflected to the photocell.
d. frequency of light that activates the photocell.

24. (306) In a thermocouple fire warning circuit, the

a. total current should not exceed 0.004 milliampere.

b. total circuit resistance sh ld not exceed 5 ohms.

c. contacts are mounted on nickel-iron struts having a low exparglon coefficient.

d. resistOr across the therminals of the sensing relay prevents arcing at the slave relay terminals.

,

25. (308) The5 rpose of the ground protection relay in the master warning and-caution system is to

>h-a. all. -.1 ration of the lamp assemblies when the aircraft is cOnnected to an external power source.

b. p,pes., testing of the lamp assemblies except When the aircraft is furnishing its own electrical power.

c. ,Implete the ground circuit for the lamp assemblies when the aircraft is furnishing its own electrical

power.
d. break the ground circuit for the lampassemblies when the wamthg and caution override switch is moved

out of the NORM position.

5 "
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26. (306),During a polarity check of a thermocouple fire warning circuit, the polarity of the thermocouples is

correct if the

a. thermocouple resistaahe is minimum.
....-

b. meter deflects in a counterclockwise directioit
c. thermocouple leads are connected positive to positive and negative to negative.

d. meter deflects in a clockwise direction.

,.......,

........."

27. ' (306) In the chotoelectric fire warning system, fluctuating resistance in the photoconductivefell serves to
.r ,

a. radiate current flow. c. produce the fire signal.

b. generate a low frequency. d. vary inductance in the circuit.

28. (307) In'the continuous cable fire warning assembly, the cable is tested with t(he test relay that

a. pikes a ground on the cable. c. completes the loop to the cable.

b. applies 28 vdc to the cable. d. connects the thermal circuit to the cable.

\§.

I
Chapter 4 \ .

,..

(310) Immultiengine aircraft, most all fuel system fire shutoff valves are of the

"
\

a. float control type. c. motor-driven plug type.

b. solenoid closing type. 1 d. motor-driven sliding gate type.
*

30. (310) The fuel system main tank boost pump switch is set to close the circuit to the green pressure check-

out indicator light at approximately

a. 4 psi. c. 8 psi.

b. 6 psi. d. 10 psi.

,

31. (312) What unit directly controls the fuel scavenge pump?

a. The toggle switch. c. The solencvd-operated, gate-type valve..

b. The float switch. d. The solenoid-operated, shuttle-type valve,

41.

32. (312) Which one of the following events will not cause the DISCONNECT light in an air refueling system
1,

to illuminate?

a. The main fuel tanks reacY full by weight.
b. A disconnect signal is sent from the tanker.
c. Excessive fuel pressure is if the refuel cabin manifold.
d. A break in contact between the boom nozzle and the receptacle.

i

33. (312) The purpose of the amber light in the fuel scavenge system is to indicate that the

a. manifold does not contain fuel. c. manifold'contains fuel. .
,

4 b. scavenge pump is not working. d. scavenge pump is working.

34. (310) The pump discharge pressure of inAividual fuel boost pumps is checked by

a. routing fuel to the crossfeed manifold.
b. filling the main fuel tanks to capacity:
c. observing the amber fuel flow indicator lights. ,

d. taking pressure gage readings at the control valves.

4
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Chapter.S.

35 (313) %ten the load on a dc series starter motor is inCreased, the (ieldflux is

a . Mcreased and the motor speed is increased.
b. increased atid the Motor speed is decreased.

c. decreased and the motor speed is increased.
d. decreised and the motor speed is decreased.

, .36. (314) In the pneunrtic starter system employed on some aircraft, the device that prevents overpressuri-
..

zanon of the starter):is the

a. safety disc. c. overrunning clutch.
b. pilot valve. d. pressure-relief squib.

37. (317) Under normal conditions, what switch turns the ignition off to the fuef-air starter?

a . Starter switch. c. Centrifugal switch.

b. Burner switch. d. Time-delay switch.

.575-

38, (317) Tofire the igniter plugs on jet engines using the TN-1 type ignition system, the high-voltage power
is supplied by

a . a battery;
s b. an exciter.

c. a dynamotor.
d. high-tension transformers.

39. (319) On reciprocating envie aircraft, which power plant system controls the flow of air past the

cylinders?

a. Cowl flap system. c. Oil cooler flap system.
b. Carburetor air door. d. Centrifugal pump system.

40. (3115) When the ignition is in the OFF position on a reciprocating-engine of an aircraft, the

a.'secondary circuit is opened. c. meshing switch is deenergized.

b. primary coil is grounded out. d. ignition switch circuit is opened.

41. (319) What electrical compohent provides the pilomh full.control of the cowl flap system?

a ..Limit switches. c. Cockpit potentiometer.
b. Micropositioner. d. Followup potentiometer.

%,

42. (317) The test switch on the nonregulated jet engine ignition system is used.to check the
; .

a. sparking rate control circuit. c. functioning of each igniter plug.

b: air-start and ground-start systems. d.4me delay of the air-start circuit.

43. (314) During normal operations, the ignition to the fuel-air stiller is terminated by operation of the

a. burner s'witch.

b. starter switch.

c. time-delay switch.
d. centrifugal switch:

44. (316) In a single-engine ignition system, if a ground exists in the P-lead between the right magneto and the

ignition switch, the

a. right magneto will operate, rega dless of the position of the ignition switch.
b. left magneto will not operate silien the ignition switch is in the BOTH position.
c. left magneto will operate when t e ignition switch is in the k position.
d. left magneto will operate when the ignition switch is in the L position.

577 4).
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45. (319) The purpose of the oil cooler flap is to control the

a. oil flow through the cooler.,
b. air flow through the cobler.

c. air pressure in the cooler.
d. oil pressure in the cooler.

46. (318) Where, in the TEN-1 ignition sysiem, is the energy that is required to fire the igniter plug storee
V

a. Capacitors.
b. Choke cods..

c. Transformers.
d. Induction coils.

471 (319) What compOnent acts as a noise filter in the oil cooler flap circuit?

a. Condenser.
b. Actuator coils.

c. Magnetic brake.
d. 1nit switches.

48. (314) The pressure-reW squib in the cartridge pneumaticItarter providis protection

a . against excessive turbine speeds. /
b. against excessive breech pressure. .
c . preventing rupture of the plessure-relief valve. /
d. preventing cartridge gas from venting to the exhaust of the starter.

49. (3,19) Which of the following systems is intended to prevent detonation in a reciprocating engine?

a . Cowl flap system. c. Water injection system.
b. Oil cooler system. d. Carburetoxittemperature system.

50. "(314) If the control relay on a fuef-air starter fails to enerlpze, the most probable cause of trOuble is

a. alhorted turbine centrifugal switch.* c,. an open lay-pressure burner simitch.

b. an open gearboi cenififUgal switch. d. a shorted high-pressure burner switch.

51. (315) When using the Prony brake to test a starter, the

a . starter jaw must be fully atracted before the starter is operated,
b. high reading torquemeters are used to check actuator.rotation.
c. starter jaw must be fully extended before the starter. is engaged.
d. maximum input voltage to the component is usedi when checking no-load operations.

52. (317) The dynamotor used in the nonregulated TEN-1 ignition nem consists of

a. an ac shunt-wouAd motol and dc geneMtor. c. a dc shunt..wound motor and dc generator.
b. an ac shunt-wound motor and ac generator. d. a dc shunt-wound motor and ac generator.

53. (314) In using cartridge pneumatic starter%, the pressurerelief squib should always be handled with

extreme care because of its sensitivity to

... a. pressure. c. magnitism.
b. electricity. ' d. temperature.

54. (319) The AD1 system on a reciprocating engine aircraft is used

a. on all power settings.
b during cruise power settihs.

c. only during low power settings.
d.,-only-du'ring high power settings.
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Chapter 6

55. (321) Certain exterior aircraft lights are designed to flash on and off in order to

a. attract attention. . C. conserve electrical power.

b.' prevent night blindnesh. d. indicate a distress condition..

56. (321) When the crosswind landing light is usid, it is pointed in the same direction as the

a. aircraft. c. steering wheel:

b. steerable wheels. d. crosswind Source.

57. (322) What is the functiOn of the autotransformer in the NESA window cgcuit?

a. Step-down transformer.
. b. thep-up transformer.

c. A branch o'f the bridge control circuit.
d. A power supply for 'the sensing circuit.

58.. (321) By routing the control circuit through the left main ldnding gear down limit switch, the landing

light is prevented from coming on until the

a. landing gear is locked down. c. aircraft is on the ground.

b. landing gear is,up and-locked. d. aircraft is on final approhch.,

59. (321) Circuit analysis is best performed by using

a. test voltmeters.
b. a blcrk diagram.

c. the actual circuit.
d. a schematic of the circuit.

60. (321) Which of the other lighting systems does the ciicuitry for the taxi light parallel throughout?

a. Itle headlight circuit. ilk c. The formation light circuit.

'b. The landing light circuit. d. The rendezvous light circuit.

61. (321) You can tell (from the ground) whether a night.flying aircraft is going away from you or approaching

you by observing tho

a. taxi lights. c. fuselage lights.

b. rendezvous lights. d. navigation lights.

62. (321) Which type of aircraft is equipped with a rendezvous lighting sy7stem?

Tartker.
b. Bomber.

(

c. Cargo.
d. Fighter.
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