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INFORMATION

FOR

MCI STUDENTS

NCI R241

Welcome to the Marine Corps Institute training program. Your interest in
self-improvement and increased professional competence is noteworthy.

Information is provided below to assist you in completing the course.
Please read this guidance before proceeding with your studies.

1. MATERIALS

Check your course materials. You should have all the materials listed in
the 'Course Introduction.' In addition you should have enough envelopes to
mail all lessons back to MCI unless your lesson answer sheets are of the
self-mailing type. If your answer sheets are of the preprinted type, check to
see that your name, rank, and social security number are correct. Check
closely, your MCI records are kept on a computer and any discrepancy in the
above information may cause your subsequent activity to go unrecorded. You
may correct the information directly on the answer sheet. If you find a
discrepancy and correct it, ensure that you correct this information on all
your answer sheets. If you did not receive all your materials, use the--
enclosed Student Request/Inquiry (MCI-alt.) to notify MCI of this fact and
what you require. (Note: The MCIR14 may be mailed to MCI without envelope
or stamp).

2. LESSON SUBMISSION

Submit your lessons on the answer sheets provided. Complete all blocks
and follow directions on the answer sheet for mailing. In courses in which
the work is submitted on blank paper or printed forms, identify each sheet in
the following manner:

DOE, John J. Sgt 332-11-9999
44.1, Procedures of Legal Administration
Lesson
Military or office address

(RUC Cumber, if available)

Otherwise, your answer sheet may be delayed or lost. If you have to
interrupt your studies for any reason, contact your training NCO who will
request a single six month extension of time, which is added to the original
Course Completion Deadline (CCD) date. If you are not attached to a Marine
Corps unit you may make this request by submitting the enclosed MCI-R14 , or



by calling the Registrar Division on AUTOVON 288-4175/2299/6293 or commercial

(202) 433-5174/2299/2691. You are allowed one year from the date of
enrollment to complete this course. Your commanding officer is notified of
your status through the monthly Unit Activity Report. In the event of
difficulty, contact your training NCO or MCI immediately.

3. ENROLLMENT/MAIL TIME DELAY

Presented below are the Enrollment/Mail Time delays. Column I represents
the First Class mail time from MCI to the designated geographical location or
from your location to MCI. All correspondence is sent via First Class mail.
Course materials are sent via Special Fourth Class Book Rate.) You should add
five working days for our processing. Example: Eastern U.S. - 3 days mailing
time to MCI + S working days MCI processing + 3 days mailing time back to the
unit 11 days. Column II represents Regular Mail from the time when the
enrollment application is mailed until the unit receives the course.
Example: Eastern U.S. . Enrollment application 3 days mailing time to MCI + 5
working days MCI processing + 6 days mailing time to the unit 14 days.

GEOGRAPHIC AREA COLUMN 1 COLUMN 2

EASTERN U.S. 3 14

WESTERN U.S. 4 19

FPO NEW YORK 5 21

DEPT. OF STATE MARINE 7 24

SECURITY GUARD

HAWAII (NON -FPO) 5 12

FPO SAN FRANCISCO 7 27

FPO SEATTLE 6 23

Note: These times represent the service standard. The actual times may

vary. If the delay you are experiencing is excessive, please contact the MCI
Registrar by phone, message, or letter, so that we may take action.

4. GRADING SYSTEM

LESSONS EXAMS

GRADE PERCENT MEANING GRADE PERCENT

A 94-100 EXCELLENT A 94-100

B 86-93 ABOVE AVERAGE 8 86-93

C 78-85 AVERAGE C 78-85

0 70-77 BELOW AVERAGE D 65-77

NI BELOW 70 FAILING F BELOW 65



You will receive a percentage grade for your lessons and for the final
examination, along with a reference sheet (NCI R69), indicating the questions
incorrectly answered. All lessons must be COMPLETED AND PASSED before you
will be administered an exam. The grade attained on the final exam is your
course grade.

5. FINAL EXAMINATION

ACTIVE DUTY PERSONNEL: When you submit your LAST LESSON, your 'gam will
be mailed automatically to your commanding officer. The administration of MCI
final examinations must be supervised by a commissioned or warrant officer, or
a staff NCO (equivalent or higher), and it must be validated by the
admi ni st rotor.

INACTIVE DUTY OR CIVILIAN EMPLOYEE: The exam may be supervised by a
director of civilian personnel, civilian training officer, clergyman, or local
school official

6. COMPLETION CERTIFICATE

The completion certificate will be mailed to your commanding officer. For
non-Marines, it is mailed to your supervisor or directly to you, as
appropriate.

7. RESERVE RETIREMENT CREDITS

Reserve retirement credits are awarded to inactive duty personnel only.
Credits awarded for each, course are listed in the 'Course Introduction* and
are only awarded upon successful completion of the course. Reserve retirement
credits are not awarded for NCI study performed during drill periods if
credits are also awarded for drill attendance.

8. DISENROLLMENT

Only your commanding officer can request your disenrollment from an NCI
course since this action will adversely affect the unit's completion rate.

9. ASSISTANCE

Consult your training NCO in the event of course contInt problems. If he
is unable to assist you, NCI is ready to help you whenever you need it.
Please use the enclosed Student Course Content Assistance Request (T&E-1) or
call the Autovon telephone number listed below for the appropriate course
writer section.

PERSONNEL/ADMINISTRATION/LOGISTICS/CORRECTIONS 288-3259
COMMUNICATIONS/ELECTRONICS/AVIATION/NBC 288-3604
INFANTRY 288-3611
ENGINEER/MOTOR TRANSPORT/UTILITIES 288-2275
SUPPLY/FOOD SERVICES/FISCAL 288-2285
TANKS /ARTILLERY /SMALL ARMS REPAIR/AAV 288-2290

For administrative problems call the NCI Hotline: 288-4175

288.

For commercial phone lines, use area code 202 and prefix 433 instead of

3
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Stick to your schedule.
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AUTOMOTIVE FUEL AND EXHAUST SYSTEMS

Course Introduction

AUTOMOTIVE FUEL. AND EXI1AuST SYSTEMS is designed to provide coverage of the
construction, operation, malfunction diagnosis, maintenance and repair of the fuel and exhaust
systems issed in Marine Corps vehicles. This course is for Marines in the grades of private
through sergeant in MOS's 3521 and 3522.

ORDER OF STUDIES

Lesson
Number

,Study
liours

Reserve
Retirement
Credits Sulziect Matter

1 2 0 foundamentals or Gasoline Engine Fuel Systems
2 2 1 Maintenance of Gasoline Engine Fuel Systems
3 2 1 Fundamentals of Compression - Ignition Fuel

System.
4 2 0 Maintenance of CompressionIgnition Engine

Fuel Systems
5 2 1 Construction and Operation of Exhaust Systems

2 1 FINAL. EXAMINATION
12 4

EXAMINATION: Supervised final examination without textbooks or notes; time limit, 2 hours.

MATERIALS: MCI 35.25a. Automotive Fuel and Exhaust Systems.

l.esson sheets and answer sheets.

RETURN OF Students who successfully complete this course are permitted to keep the
NIATNR1ALS: course materials.

Students disenrolled for inactivity or at the request of their commanding
officer will return all course materials.



PREFACE

This course has been designed to provide sergeants and below, in MOS's 3521 and 3522,
with a source or study material on the automotive fuel and exhaust systems utilized in vehicles
in the motor transport field.

SOURCE MATERIALS

TM 9-8000 Principle. of Automotive Vehicles, Jan 1956
TM 9-2320-211-20 Truck. Chassis. 5-ton. 6 x 61 Jun.1973. with 2. 20 May 78
TM 9-2320-211-35 Truck_ Chassis. 5 -tons 6 x 6, Sep 1964, wich 5
TM 9-2320-218-20 Truck. Utility. 4 x 4, M151. M151A1. MitlAli Sep 1971

w/ch 4, 1 Dec 75
TM 9 -2H15- 210 -34 Engine Assembly, Diesel (Multifuelk Naturally Aspirated

or Turbo Charged, Fuel-Injected, Water Cooled, 5 Cylinder
June 1978
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Chapter 1

FUNDAMENTALS OF GASOLINE ENGINE FUEL SYSTEMS

1 -1. INT RODUCTION

A typical gasoline fuel system consists of the fuel tank, main fuel Lines, filters, fuel pump.
air cleaner, carburetor, intake manifold, and governor. You will be taught the purpose of these
parts and in general how they operate. This study unit will start with the whole fuel system and
then go on to the specific parts in the order listed above,

1-2. THE FLI!tl, SYSTEM

ti. Purpose. The fuel system stores liquid fuel and delivers it to the engine. In mai j ways
a gasoline engine fuel system can be compared to e simple water supply system (fig 1-1). Notice
in the illustration that both systems contain components that store and deliver fluids.

COMPARE% OF A SOU *ATM SUPPLY SYSTEM TO
A GASOLINE 111115 FUEL SUPPLY SYSTEM

Min Mk
1111110,14111

Fig 1-1. Fuel supply system.

b. Components. Although the location of components may vary according to the type of vehicle,
each fuel system will contain approximately the same components as shown in figure 1-2.
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Fig 1-2, Components of a fuel system,
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THE FUEL TANK

a, Purpose_ Fuel is stored in the fuel tank, the location of which is not too important. You
will see many vehicles, especially the heavy trucks, that have fuel tanks mounted on either or both
sides in front of the rear wheels, Some tanks will be located under the driver's seat.

b, Construction, Most fuel tanks are made of thin steel sheets which are shaped to form a tank.
The seatOrake atevl sheets are usually crimped or welded to make the tank leakproof.

(1) M-151, 1/4-ton truck fuel tank (fig 14). This tank is coated inside and out to prevent
rust. The coating used As called terneplate, which is an alloy of tin and lead. A funnel-
shaped screen normally fits inside the filler neck on military vehicles to filter (strain)
the gasoline before it enters the tank. Such a screen is not usually found in the fuel tanks
of civilian vehicles, The screen is easily removed for cleaning. On military vehicles
the fuel tank cap seals the filler neck when it is properly tightened. Military vehicles
must be able to ford bodies of water, so the tiller neck and all other openings in the tank
must be waterproof. (Figure 1-3b shows an exploded view of the M-151A2 fuel tank.)

or tal

Fig 1-3A. M-15I fuel tank.

9/R

Fig 1-315. M-15142 Nel tank.

(2) Fuel tank for 2 1/2- and 5-ton trucks (fig 1-4). This tank has a drain plug, baffle plates,
and an outer pipe. The drain plug screwo into a threaded hole in the sump (lowest point)
of the tank. It can be removed to drain any water and trash that may get into the tank.
Inside the tank to a seriea of baffle platea. The purpose of these plates is to strengthen
the tank and to reduce the sloshing around of the fuel. Fuel will evaporate rapidly if it
;Wakes around in a container, especially in hot weather. Furtherntore, the sloshing
fuel can generate static electricity, and a spark in the fuel tank can cause an explosion.
The baffles do, however, allow the fuel to move from one section of the tank to another
through notches ur holes In the plate. The outlet pipe, which is also called a pickup tube,
Is usually inatalled through the top or the aide of the fuel tank. The bottom tip of the pipe
is placed about ote half of an filch rbove the bottom of the tank to reduce the chances of
picking up water or trash. Often the tip end of the pipe is shielded by a screen or some
other type of filter to keep the trash from entering the tank outlet tube.

1-2 14
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Fig 14-4, Fuel tank for 2 1/24- and 5-ton trucks.

c, Ventilation (fig 1-5). AU fuel tanks must be vented so that air from the outside can fill up
the spaciAEr the fuel as it is drawn from the tank. The vent also allows any air in the tank
to escape if the fuel in the tank expands. The fuel will always expand (take up more room) when
the vehicle is left standing in the hot sun. On moat civilian vehicles the tank is vented by a small
hole in the gas tank cap. On military vehicles the vent is a leak -proof tube that connects the tank
to the carburetor air cleaner, Sometimes the fuel pickup and vent tubes are placed close together.
You can, however, tell which tube is which because the vent tube is smaller than the fuel pickup
tube. (Fig 1-514 shows the fuel tank with vapor canister and vapor ventlines for emission control
used on the M151A2 (clean air engine The fuel tanks on all military vehicles also include a
fuel gage sending unit (fig 1-6) which Is connected by an electrical wire to the fuel gage on the
vehicle Instrument panel. Thu gage is often thought of as a part of the fuel system and not of the
fuel tank.

Engine Vent Tube
At Cleaner

Fuel Tank

Fig 1-5A. Fuel tank ventilation.
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Read 112

1-.4, MAIN FUEL LINE

Fig 1 -6. Fuel gage.

Fuel from the tank is delivered to the engine compartment by the main fuel line. This line
is usually made from copper or steel tubing and Is secured to the .came by olamps or clips to reduce
the chances of breakage. At the engine compel.. ment, a flexible hose is used to connect the main fuel
line with the filter or the fuel pump, Without this flexible hose, the main fuel line would probably
be broken because of the vibration between the engine and the frame.

1-5, FUEL FILTERS

a, Purpose, Filters are used to remove foreign substances (trash) from the fuel that could
degrade engine performance or clog fuel passages,

b, Location. Carburetors contain many small passages that can be easily clogged by trash.
Vor this reason, fuel filters are located somewhere between the fuel tank outlet Ope and the
carburetor. Often the filter is located between the fuel pump and the tank. On some vehicles the
filter is placed inside the tank where it 131Uk filter the fuel before it enters the outlet pipe.

c. Function. A ocmmon type of filter that is connected in the fuel line is shown in figure 1-7.
The cover or top contains the inlet and outlet passages. The strainer (filter element) is made of
round metal disks set very close together. A sediment bowl encloses the filter element and is sealed
against the cover by a gasket. During operation, fuel flows into the sediment bowl through the
inlet passages in the cover. Once inside the bowl, fuel passes between the disks Wu the center of
the element and on through the cover outlet passage. Pieces of trash or particles of dirt that enter
the filter are too large to pass between the disks. They are stopped at the outer edge of the disks
and then drop to the bottom of the sediment bowl. This filter will also trap water. Water in
gasoline usually forms into small balls or droplets that are too large to pass between the disks, so
they. too, fall to the bottom of the sediment bowl. The water and trash that collect in the sediment
bowl can be removed by unscrewing the drain plug in the bottom of the bowl. Other filters function
In a similar manner but may WIto 41 ceramic filter element or one made of some other material.
Most filter elements can be removed for cleaning.

1-4



Fig 1.7. Fuel filter.

1.6. FUEL PUMPS

a, Pu e, The fuel pump draws fuel from the tank and delivers it to the carburetor. The
pump mu st de ver enough feel for engine operation regardless of how heavy the load is, In addition,
it keeps the fuel in the line between the carburetor and pump under pressure. Pressure in the line
reducee the possibility of the fuel vaporizing (boiling) due to the heat from the engine.

b, &mu; Fuel pumpe are generally classified either as positive or nonpositive.

(1) Positive type fuel pump. The positive type will pump fuel continuously any time the engine
is running. This type of pump must have some means of bypassing the feel that the engine
does not use. Vehicles with positive type pumps usually bypass excess feel back to the
fuel tank or to the inlet side of the feel pump, When the pressure in the fuel pump to the
carburetor line exceeds a set amount, the bypass valve will open and allow the excess fuel
to return to the fuel pump.

(2) Notimitive type fuel _pump Ulg 1.8). The nonpoeltive type pump supplies fuel only when
it le needed. Therefore, a fuel bypass is not needed with this type of pump. The fuel
pump most widely used on wheeled vehicle gasoline engines to the nonpositive diaphragm
type, This type of pump is usually operated mechanically by the engine. The operating
linkage vi the pump consists of a rocker arm, a link, and a spring. A flexible, rubber-
like diaphragm is hooked to the link by a rod. The diaphragm is clamped at its outer
edges by the two halves of the pump body. The pumping chamber le the area between the
diaphragm and valve assemblies*



Fig 14, Nonpositivetype Axel pump.

The fuel pump is mounted on the engine with its rocker arm in contact with an eccentric
(off center) cam on the engine camshaft gig 19). As the eccentric turns, it forces the
rocker arm and link to pivot (tun') on its pin and pull the diaphragm down. The downward
movement of the diaphragm compresses the diaphragm spring and enlarges the pumping
chamher. This creates a low pressure area or vaounnt (suction) in the pumping chamber.
In the meantime, air entering the fuel tank vent at atmospheric pressure is pressing down
ward on the fuel in the tank. The atmospheric pressure forces the Axel to flow from the
tank, through the line, through the pump inlet valve, and into the low pressure area of the
pumping chamber. Remember that liquids or gases will always flow from a high pressure
area to a low pressure area,

fUlL fliMfINIAIII $110111

Fig 14, Fuel pumintake stroke.

%%lien the camshaft eccentric rotates 180°, it no longer pushes the rocker arm down
(fig 01, The rocker arm spring then forces the rocker arm to pivot on its pin in the
opposite direction. The compressed diaphragm spring now pushes upward putting pressure
on Ow fuel in the pumping chamber. The pressure created by the diaphragm spring closes
the Inlet valve and forces fuel through the outlet valve to the carburetor bowl. The diaphragm
is oinved up sr 1 down again until the carburetor bowl is filled with fuel. When the carburetor.
howl IA filled, the flow of fuel to the carburetor is blocked by a needle valve in the carburetor.
This n back pressure in the fuel discharge line and in the pumping oharnber. The
diophittom now has full back pressure on top of it and diaphragm spring pressure below.

hen the fuel pressure is the same as that of the compressed spring, the diaphragm will
...top in its intake position (down). At this time the rocker arm still pivots up and down,
folinwhIg the camshaft eccentric. However, the rockeya8n will no longer move the link,



became* they are two separate pieces. The rocker arm oan always move the link down, but
it can never push it back up. When the carburetor needs more fuel, the needle valve of the
carburetor opens, and the back pressure in the discharge line is relieved. This dims
the diaphragm spring to push the diaphragm up, forcing more fuel into the carburetor past
the opened needle valve. As the eccentric rotates, it 0111808 the diaphragm to be pulled
down again and pumping is resumed.
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Fig 140, Fuel puttiplisoharge stroke.

(3) Vacuum booster fuel pump (fig 1-11). Some mechanically operated fuel Pumps have a
vacuum pump (also °ailed a vacuum booster). The purpose of the vacuum pump is to assist
in the operation at the vacuum-operated windshield wipers. When an engine is being
accelerated or is being operated under load, the engine manifold vacuum is not strong enough
to operate the wipers. At this time the fuel pump vacuum booker furnishes vacuum to
keep the wipers going. The vacuum booster and the fuel pump are normally located in
separate sections of a single pump housing but operate independently of each other even
though they are both operated by the same rocker arm. The vacuum booster is in the top
section of the pump.
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Fig 111. Vacuum booster fuel pump.

The outlet gig 1.12) of the vacuum booster is connected to the intake manifold and the inlet
is connected to the wiper motor. When the wiper motor is operating and engine vacuum is
low, spring pressure pushes the vacuum booster diaphragm down creating a low pressure
area in the pumping chamber. Air passes through the inlet valve into the vacuum pumping
chamber.

The rocker arm then pushes the diaphragm up fig 113), forcing the air through the
outlet valve end into the intake manifold. This upward movement of the diaphragm
compresses the diaphragm spring. As the eccentric moves away from the rocker arm,
the spring arm pushes the diaphragm down again to keep the wiper motor running. The
manifold vacuum is high when the engine throttle is closed. With a high vacuum in the
pumping chamber, air entering through a vent below the diaphragm will push the
diaphragm up and compress the diaphragm spring. The diaphragm will remain in this
position (almost still) as long as the manifold vacuum remains high.

Opening the engine throttle causes a drop in manifold vacuum. The loss of vacuum causes
the booster diaphragm to operate. It is this feature that allows the wiper motor to operate
during acceleration and fUll throttle loads.
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Fig 142, Vacuum booster4ntake stroke. Fig 1-13. Vacuum booster -discharge stroke.

(4) Electric fuel pumps, There are two types of electric fuel pumps commonly used in
military vehicles. These pumps are operated either by an electric motor or a solenoid,

(a) Electric motor driven fuel wa (fig 1.14). The electric- motor- driven pump is mounted
in the fuel tank and is completely submerged when the tank is full. Current to operate
the pump is supplied by either the battery or the generator whenever the ignition switch
is ctosed. The armature used in this pump looks like a miniature starting motor
armature. It is mounted vertically in the fuel pump housing,

Fig 1.14. Electric fuel pump.

In figure 145, notice the impeller (K) on the bottom of the armature shaft (13), It is
attached to, and rotated by the armature shaft. Item r in figure 115 is a screen
through which the fuel enters the pump. When the pump is operating, the blades on the
spinning Impeller hurl the fuel toward the fuel discharge port. This port is connected
to the main fuel line that delivers the Awl to the carburetor. Although the pump is in
constant operation whenever the ignition switch is closed, it does not flood the carbu-
retor with high pressure fuel. Because of the space provided around the impeller, it
cannot build up more than 5 or 6 pounds of pressure on the fuel. When the pressure
gets that high, the fuel in the circular passage around the impeller merely goes
around with the impeller. No fuel will leave through the discharge port until the
pressure in the discharge line drops to less than 5 or 6 pounds per square inch (psi).
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Fig 1.15. Cutway view of the electricmotordriven fuel pump.

() golenoidtype fuel pump. The solenoid type of fuel pump has a hollow steel plunger
fitted-inside a brass cylinder. The fuel inlet and outlet valves may be mounted in the
bottom of the cylinder, or they may be located in the plunger itself. When no current
is flowing in the coil of wire surrounding the cylinder, the plunger is held in the bottom
of the cylinder by the plunger spring. This type of pump is also commonly called a
plunge retype pump.

When the ignition switch is closed, ourrent is sent through the coil of wire around
the cylinder. The magnetic field created by the coil pulls the plunger up, compressing
the plunger spring. The inlet valve at the bottom of the cylinder opens, and fuel entere
the space at the bottom of the cylinder that hae been vacated by the plunger.

When the plunger reaches the top of the cylinder, it opens a set of contact points
that are in serlee with the coil, The circuit through the coil is broken when the points
open, and the magnetic field collapses which mom the compressed plunger spring to
push hack to the bottom of the cylinder,

The downward movement of the plunger closes the fuel inlet valve and opene the
outlet valve. The fuel trapped below the plunger ie forced out of the cylinder, past the
outlet valve, end into the fuel line leading to the carburetor. V the carburetor la full,
its needle valve closes and blocke the fuel outlet line from the pump, This action createe
a back preeeure in the fuel outlet line, When the back pressure equals the pressure
exerted by the plunger epring, the downward movement of the fuel pump plunger in its
cylinder ie stopped. The pump then stops pumping fuel until the back pressure in the fuel
line drupe. Like the diaphragm epring in the mechanical nonpositive fuel pump, the
strength of the plunger opting in the solenoid pump will determine the amount of back
pressure In the fuel discharge line,
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1 -7. AIR FILTERS

As you already know, a mixture of fuel and air is burned inside the engine cylinder during
the power stroke of the engine. Mixing the fuel and air is one of the functions of the carburetor.
You have already seen how fuel is eupplied to the carburetor, but before you study how it operatee,
you should know more about the air supply system.

a. Purpose. The air cleaner used on internal combustion engine. 0011M8 Three purposeer it
filters the air to remove duet and dirt before the air enters the carburetor, it acts as a flame
arrester to prevent fires in ease the engine backfires, and it acts as a matter by reducing the
hissing noisee made by the air entering the carburetor at high rates of speed.

b. T Air cleaners are generally classified as either wet or dry, depending on what is
used to cute air.

(1) Wet (fig 1.16). The wet-type is usually called an oil bath air cleaner. Air entere
the niter at the top outer edges and flows down the sides over a bath of oil. The a4flow
then reverses its direction and moves up through the filter element and to the carburetor.
As the air suddenly changes its direction of movement from down to up over the oil bath,
the heavier duet particles are separated from the air and continue to move down and are
trapped in the oil, Lighter particles are trapped in the metal gauze filter element. As
the airflow reverses its direction above the oil reservoir, it picks up an oil mist from the
oil bath to keep the filter element soaked.

061. .4 .0

is

It 404.4

C

0111110111,
1140110 tomISVAIN
aft SAMOS OMR

Fig 146. Wet -type air cleaner.

(2) D -t ffig 1-17). Some dry -type air cleaners may use a metal gauze or paper filter
e meat. °there use the principles of centrifugal force and inertia where swirling motions
and sudden changee in the direction of airflow separate the duet from the air. In the
dry -type filter that has a replaceable paper element, Mr first enters an outer chamber
around the filter element and 63 then filtered through small boles in the element before
entering the carburetor.
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Fig 147. Dry-type filter.
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s. Vgorizatlont A. you have already seen. liquid gasoline is sent from the fuel tank to the
carburetor, in order to burn properly the gasoline must be thoroughly mixed with air, To do
this, the gasoline meet be vaporized.

When liquid changes to a vapor, it evaporates in the air. Boiling water is a good example
of vaporisation. As the water boils, it steams. Steam is made up of liquid in the smallest
particles in which it can exist. Each one of these small particles of liquid is called a molecule.
These particles (or vapor) mix with the surrounding air,

Several things determine how easily a liquid will vaporize or evaporate, The nature of the
liquid itself is one factor. For instance, it le a well known fact that alcohol, which is lighter than
water, vaporises more easily than water. Likewise, gasoline, which le also lighter than water,
vaporizes more easily than water.

A eecond factor controlling vaporization is temperature. Higher temperatures will cause
liquids to vaporize footers An example of this is water turning to eteam when it is boiled.

Another factor controlling vaporization le the amount of vaporized liquid already in the air
(humidity). This is better understood by thinking of the air as a epouge. When a dry eponge is
placed in a pan of water, it begins to sulk up (absorb) a large amount of water very rapidly. But
as the sponge begins to get soaked, it absorbs water more slowly. Finally, it veaches a point
where it will not absorb any more water, Air acts in the same manner. If you sear the weatherman
say that the humidity le l00%, he means the air has soaked up all the moisture it can hold at that
temperature.

A liquid can be made to vaporize more rapidly by breaking it up into email drops, This
can be done with an ordinary spray gun (fig 1.18). Breaking up a liquid into email droplets is
called atomizing the liquid. When a liquid is atomized, the air surrounds sU of the small drop..
In this way, more of the liquid le able to come in contact with air at one time and it will vaporize
faster.
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Fig 1-18. Atomizing liquid with a common spray gun.

Gasoline that is not vaporized does not burn. Only gasoline vapors burn. AU the fuel in an
engine's cylinder should be burned before the end of its power stroke. Fuel thlt is still in liquid
form is wasted. Some of it may go past the piston into the crankcase and mix with the oil. This
can cause damage to the engine bearings because the gasoline will dilute the oil. The Awl that
is lett in the combustion chamber will be discharged through the engine's exhaust system. Some
times warm air that contains a lot of vapor comes in contact with a cold surface or some cool
air. This will cause some of the vapor to change back into a liquid. This change is called
condensation (fig 148).

Fig 1.19. Condensation.

Gasoline fuels are blended mixtures that are mostly refined from crude oil. Part of the
mixture vaporizes at low temperatures for cold engine starts. Other parts of the mixture
vaporize better as the engine warms up. Sine, highly volatile (easily vaporized) gasoline will
burn quickly, the burning rate is slowed down by adding another substance to the fuel mixture,
usually tetraethyl lead (fig 1 -20). If fuel burns too rapidly, its energy or power is released very
suddenly. This is like striking the top of the platen with a hammer. Vibrations Caused by a fuel
burning too fast cause engine ping (sharp hammering noise in the engine). Engine ping, if allowed
to continue, will cause damage to engine parts.
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Fig 1.20. Fuel mixture.

Octane numbers are assigned to different grades of gasoline. These numbers tell how fast
the gasoline will burn. The octane rating of a gasoline blend (mixture) is determined by laboratory
methods. Slower burning blends are given a higher rating. Fur example, a fuel with an octane
rating of 80 will burn more slowly than ens with an octane rating of 70.

b. Principles of venturi action (fig 1.21). The main job of any carburetor is to supply the right
mixture of air and fuel for all engine speeds and load conditions. To understand how the carburetor
does this job, it is necessary to understand the principle of a venturi.

The venturi is an hourglaseshaped restriction that is placed in the airflow passage (also
called the throat, bore, or barrel) of the carburetor. Normally, the sir flows rapidly through the
throat of the carburetor on its way to the engine cylinders. When thr Last moving air reaches the
venturi, it must speed up in order to get through the restriction. Teas prk ziple also applies to the
nozzle on ki water hose. The nozzle itself is a restriction. The water speed increases as it leaves
the hose and passes through the nozzle. That is why a stream of water leaving the nozzle will travel
farther through the air than it would if there were no nozzle on the hose.

When the air speed increases in the venturi, however, there is a drop in the air pressure.
The faster the air moves, the more the pressure drops. The important thing to remember about
a venturi is that for any increase in the speed of the air (or water) flow, there is a decrease in
pressure. The pressure of the air entering the air horn (mouth) of the carburetor is about 14.7
pounds per square inch (psi). This is normal atmospheric (air) pressure at sea level. Notice in
figure 1.22 that the top vacuum gage connects to the airstream above the venturi. Here the drop
in air pressure is eight. The gage that is connected to the airstream in the vent 44 however,
shows a considerable drop in the air pressure. The bottom gage shows some drop in pressure, but
not as much as is in the venter«



Fig 1-.21. Venturi action. Fig 1.22. Air pressure it the venturi.

In a simple carburetor, the gasoline is stored in the float bowl. A passage in the bottom of
the float bowl leads to a discharge 1104a0 that Is located in the center of the venturi. When the
engine Is miming, each piston acts like an air pump during its intake stroke. A low preseure area
or vacuum is created in the engine cylinder, and outside air rusl.ns through the carburetor bore
to fill the tow pressure area above the piston. Notice in figure l1.3 that atmospheric pressure Is
pushing down on the fuel in the float bowl. Notice too that the discharge nozzle in the venturi is
placed above the level of the fuel in the bowl. When the air rushing through the venturi creates a
low pressure area at the tip of the fuel nozzle, the atmospheric pressure on the fuel in the bowl
will push Nei out through the tip of the nozzle. Gasoline leaving the nozzle and entering the air-
stream Is broken into small droplets (atomized) by the fastnsouing air.

AO NOM

Fig 1.23. Simple oarburetion.
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c. carburetor circuits Most carburetors have a total of rive circuits, or passages, through
which theft 1---i.ow to the venturi or to other points in the carburetor bore. These circuits
let the carburetor make changes in the amount of fuel that is being mixed with the air. This is
necessary because oifferent engine operating conditions require different fuelair mixtures. The
five carburetor circuits are( the float circuit, the low-speed circuit, the high-speed circuit, the
accelerating pump circuit, and the choke circuit.

The amount of air that is mixed with each part of fuel is called the air -fuel ratio. The air.
fuel ratio is stated as the weight of one part compared to the other part in the mixture in pouno4.
For example, 15 pounds' of air mixed with I pound of fuel is an stir-fuel ratio of 154. The mb.lure
is made richer by adding more fuel or by taking away some air. The best air.fuel ratio for the
average engine that is operating at normal anteing speed is about 1511. When more power is
desired or when the engine is at an idle, a richer mixture suoh as 1311 or 1311 is required.

Probably the most important control that the carburetor needs is a device for changing the
amount of air-fuel mixture going to the engine. Without such a control there would be no way of
changing engine speeds. Tide controlling device is the throttle valve assembly, which is a round
flat valve mounted on a shaft (fig 1.24). The throttle valve and shaft are placed near the bottom of
the carburetor bore and in the path of airflow. The throttle valve shaft is connected by linkage
to the accelerator pedal in the driver's compartment. When the accelerator pedal is pushed all
the way down, the throttle valve is wide open. The air.tuel mixture flows freely by the valve and
the engine is allowed to produce its greatest power and speed. When the engine is at ids speed,
the valve is almost cloned. (Only a small amount of air is allowed to pass the valve at one time.$

Fig 1.34. Throttle valve assembly.

(I) ',A. ;:oat circuit. The fuel in the carburetor bowl must be Dept at the same level any time
the engine is running. If the level is too high, too much fuel will be discharged through
the nozzle causing the engine to use too much fuel and large deposits of carbon may form
in the cylinders, If the fuel level is too low, the mixture will be too lean to operate the
engine properly. The float circuit keeps the fuel at the corrtct level.

The float circuit consists of a float hinged at one side of the carburetor bowl and
positioned so that it will operate a needle valve to open and close the fuel inlet. Fuel
under pressure from the fuel pump enters the carburetor bowl at the fuel inlet. When
fUel enters faster than the engine can use it the bowl fills up. This causes the float to
rise end push the needle valve into its seat, shutting off incoming fuel, As the engine
uses fuel, the fuel level in lie bowl drops and the float lowers. The needle valve opens
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and more fuel is allowed to enter fig 125). In actual operation, the needle valve is very
seldom closed. Instead. it stays open just enough so that a balance is maintained on the
fuel owning into the bowl and the fuel used by the engine.

A vent is located in the top of the carburetor bowl. This vent is needed so that air
pressure will always he present on the fuel inside the carburetor bowl. On military
vehiolee this vent is usually connected to the inside of the carburetor air horn or to the
air cleaner.

Fig 1-25. Float circuit.

(2) The low-speed circuit fig 1-26). When the throttle is almost closed, the amount of air
flowing through the carburetor bore is so small that there is practically no vacuum created
in the venturi. Therefore, no fuel flows from the nozzle in the mead. The low-speed
circuit supplies fUel under thee. conditions.

With the throttle closed, the engine creates a high vacuum below the throttle valve
because the valve itself acts as a restriction. The lowepeed circuit has an idle discharge
hole that is below the throttle valve. The higher air pressure on the fuel in the carburetor
bowl pushes the fUel to the vacuum at the idle discharge hole. Notice in figure 1-26 that
e small air bleed hole is located at the tip of the lowspeed circuit passage. It lets air
bleed into the circuit and mix with the gasoline. This helps atomize the &el before it
leaves the idle discharge port. Notice also that an adjusting needle valve is placed at the
idle discharge hole. Turning this screw will change the richness of the idle mixture.
Turning the screw in closes the hole and allows lees fuel to flow. With less fuel flowing,
there is a leaner mixture. If the screw is turned outward, more fuel flow/Nand the mixture
is richer.

Opening the throttle a little above idle speed allows more air to pass the throttle
valve. However, there is still not enough air passing through the venturi to get fuel to
flow through the math discharge nozzle. Because more air is passing the throttle valve,
more fuel must be added to keep the mixture correct. To let more the' in, a lowspeed
discharge port is added just above the idle discharge hole. As the throttle is opened
slightly, its edge moves above the low-speed discharge hole. More &el enters the
airstream because ft can now pass in through two discharge holes. In some carburetors a
long discharge slot is used instead of holes.
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Fig 1-313, Low-speed °bonito

(3) The highspeed circuit (fig 1-271. The high»speed circuit includes the venter', *he main
nozzle, and the high-speed jet. Usually more than one venturi is used in a carburetor,
with one placed inside the other. Notice the three venturi in the illustration. The main
nozzle is centered in the smallest venturi. Fuel passing from the carburetor bowl to the
main nozzle flows through the high-speed jet. The hole in the jet is drilled to an exact
size in order to meter the fuel flowing in the high-speed circuit (fig 1-374

Fig 1.27. Uighspeed circuit.

The operation of the high and lowspeed circuits overlaps. As the throttle is
moved, each circuit continues working until after the next one begins. V there is no
overlap between these circuits, the engine will run roughly or even try to stop at certain
throttle positions. This condition, if it occurs, is called a flat spot in the carburetor.

When the engine is operating at cruising speeds, an air-fuel mixture of epproximatoly
150 is being furnished for good economy and reasonable power. A power system in the
high-speed circuit can enrich this mixture if necessary. This system wilt provide power
in order to climb a hill or to operate at high speed. Two types of power systems, called
the power jet and the metering rod, are commonly used.
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(4) The power-Let system (fig 1-28). In the power-jet system, the power jet valve is controlled
by a vacuum platen. When the throttle is closed, manifold vacuum is high. The vacuum
piston is moved up against spring pressure and the powerjet valve is dosed. Opening
the throttle to a point where more fuel is required lowers the manifold vacuum, Lower
vacuum allows the piston to be pushed down by the spring pressure. This opens the power-
jet valve, letting fuel flow through the power jet. This fuel bypasses the high-speed jet
and increases the amount of fuel delivered into the airstream by the main discharge nozzle.

Fig 1.28, Power-jet system.

Metering rods (fig 1.29) are usually operated by linkage connected to the throttle valve.
The rod has several steps or tapers on its lower end that pass through the high-
speed Jet. As the throttle is opened. the rod is lifted. leaving smaller steps In the
Jet. This allows more fuel to pass through the Jet. enriching the mixture.

Fig 149, Metering rods.
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(5) Accelerating pump circuit. Assume that a vehicle is moving down the road at a low rate
of speed. The throttle valve is practically closed, allowing only a small amount of air to
pass through the carburetor venturi. The driver suddenly decides to pass the car ahead.
He slams the accelerator pedal to the floor and the throttle valve is opened instantly. Air
is very light in weight, Co it increases its speed through the carburetor very quickly.
Because the fuel is heavier, it will move more slowly at first. Before fuel and air flows
can become balanced, a lean mixture is delivered to the engine. This will cause the
engine to backfire or hesitate for an instant.

To prevent this backfire or hesitation, the carburetor is equipped with an accelerating
pump circuit. This circuit discharges a small amount of fuel into the airstream for a
short period of time when the throttle is suddenly opened, One type of accelerating pump
circuit is shown in figure 130, It consists of a pump cylinder, a pump piston that is
operated by linkage connected to the throttle shaft, a fuel intake check valve in the bottom
of the pump cylinder or well, a pump discharge check valve, and a pump discharge nozzle
to spray the fuel into the airstream in the carburetor. When the throttle is closed, the
accelerator piston is in the UP position, As the throttle is opened, the piston moves
downward, pressurizing the fuel in the pump cylinder, The pump intake check valve
closes, and the fuel in the pump well is forced out through the pump discharge valve and
the pump nozzle in the carburetor hose, If the pump piston is moved down suddenly, the
fuel under it could not be immediately discharged through the small discharge nozzle, For
this reason, the operating linkage does not push directly on the piston. Instead the linkage
compresses the pump spring, and the spring Pressure moves the piston up. This feature
slows down the action of the pump and allows the fuel to flow out through the pump discharge
nozzle for several seconds, The discharge tapers off as the movement of fuel in the main
circuit increases, The accelerating pump circuit refills with fuel when the throttle closes.
During the upward movement of the piston, the pump intake check valve opens, permitting
fuel from the carburetor bowl to enter the Pump cylinder,

Other accelerating pump circuits may operate differently. One type makes use of
manifold vacuum and spring pressure to operate the pump. Another type uses a pocket
of air between the piston and fuel to eliminate the need for an accelerating pump spring.
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Pig 1.30. Accelerating pump circuit.
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(6) Choke circuit (fig 1-31). A rich mixture is needed when starting and operating a cold
=OM 2.11E17 is because all the fuel supplied to the cylinders will not vaporize easily
when cold] therefore, a large amount of fuel is supplied in order to get enough vaporized
fuel for combustion. A choke circuit is used to supply the extra fuel. The choke Is a
round flat valve (similar to the throttle valve) placed in the carburetor air horn above
the venturi. Closing the choke valve will create a high vacuum in the carburetor throat.
This causes large amounts of fuel to flow freely from both the low- and high-speed
circuits. Chokes may be operated manually by the driver or they may operate
automatically.

F* 1.31. Choke circuit.

(a) Manual choke (fig 1.32). To operate a manual choke, the driver usually pulls a cable
that closes the choke valve. Closing the valve completely shuts off the supply of air,
but remembe f -soUne must have some air in order to burn. The needed air is admitted
by one of two different methods.

One method is shown in figure 1-31. The choke valve includes a spring- loaded
poppet valve. The poppet is normally held in the closed position by a weak spring. As
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soon as the engine is cranked, e very high vacuum is created under the choke valve.

This allows the higher outside sir pressure to open the poppet valve, permitting air to
enter the engine cylinders. In the second tnelhod (fig 1-32) the valve is operated by

means of a coiled spring on the choke shaft. With the choke closed and the engine
cranking, air pressure will overcome the spring tension and open the choke valve
slightly to supply some air. As the engine warms up, the driver gradually opens the
choke to supply a leaner mixture.

Fig 1-32. Choke Valve.

03) Automatic choke (fig 1-33). The automatic choke eliminates the human element and

performs the choking operation automatically. It controls the airfeet mixture for
quick starting at any temperature. It also provides the proper amount of Choking during

the entire warm-up period.
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Fig 143. Automatic choke.

The automatic choke has a thermostatic spring and a vacuum piston to control
the poettian of the choke valve. The spring tries to close the choke valve when the

1.22 34



engine is cold, while the vacuum piston tries to open the valve. The choke valve is
mounted off-center on its sheft to allow any increase in air speed to aid in opening the
choke valve more. The operation of the automatic choke depends on three (Worm
temperature, intake manifold vacuum, and speed of the air passing through the carburetor
throat. How the temperature changes affect the thermostatic spring is shown in figure
1.34. As the spring is heated, it loses its tension and allows the choke to open.

When the engine is cold, the spring holds the choke valve closed. When the engine
is started, vacuum from below the throttle valve is directed to the bottom of the vacuum
piston. High vacuum under the piston causes the piston to work against spring pressure
and partially open the choke, A small amount of air heated by the engine exhaust passes
through the choke housing to beat the spring, allowing the choke to open as the engine
warms up.

7.....''".....NII atatIO

errata

Fig 1.34, Spring action of the automatic choke.

Different load conditions will also cause the positions of the choice valve to change.
A decrease In manifold vacuum will allow the spring to close the choke against pressure
of the vacuum Piston. An increase in air speed through the carburetor throat will
force the choke valve open against tension of the spring.

c. Multiple carburetors. So far we have discussed eingle barrel carburetors only. However,
many carburetors, perii-Tou arly those for engines with more than six cylinders, have more than
one barrel. Each barrel of a two - barrel carburetor has its own low and high-speed circuit.
U the carburetor has four barrels, at least two barrels will have low -speed circuits and an
accelerating pump circuit. There are separate throttle valves for each barrel, but two of the
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valves are mounted on the same throttle shaft, In this way, two throttle valves will open or close
at the same time. The purpose of having more than one barrel is to split the air fuel mixture
delivery to different cylinders between semi-independent carburetors. For instance, consider an
8-cylinder, Vtype engine with a two-barrel carburetor. One barrel will take egos of the two
middle cylinders on the left bank and the two end cylinders on the right bank. The other barrel
will take care of the remaining four cylinders. With such an arrangement the intake manifold
would be divided into two sections, with each section delivering the fuel -air mixture to four
cylinders.

d. Position of the carburetor. Carburetors are often classified as up-draft, or side-draft.
This classification depends on the oarburetos position in respect to the intake manifold. It the
carburetor is mounted below the manifold, it is olassIfled as an up-draft carburetor. It it is
above the manifold, it is a down - draft, When the carburetor and Intake manifold are at the same
level, the carburetor is classified as a aide -draft (fig 135).
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Fig 135. Side-draft carburetor.

1-9, INTAKE MANIFOLD

a. Pit se The purpose of the intake manifold is to supply vaporised fuel to the engine
cylinders. ea gasoline is vaporized rapidly, a natural refrigeration (cooling) process takes
place. This cooling process can be noticed by feeling the outside of the carburetor throttle housing
while the engine is running. The housing feels cool even though all the surrounding parts are
warm. This accounts for the frost that often collects around the carburetor and intake manifold
during cold weather operation. The cooling action may cause the fuel vapors to condense into
liquid drops if some means is not provided to prevent condensation. Careful construction and
design of the manifold will reduce condensation.

b. Construction. The intake manifold should be as short and as straight as possible to reduce
the possibility of the fuel condensing before it reaches the cylinders. To assist in vaporising the
fuel, some intake manifolds have a section called the hot spot that can be heated by exhaust gases
(fig 130). A valve that can direct the flow of exhaust gases to the hot spot is placed in the exhaust
manifold. A thermostatic spring usually controls the operation of this valve. When the engine is
cold, the valve directs gases into the hot spot. As the engine warms up, the thermostatic spring
loses its tension, and the exhaust gas pressure, aided by a weight, turns the valve so the hot gases
will not enter the manifold hot spot gig 138). On some vehicles the heat control valve does not
have a thermostatic spring. When this is the case, the valve is manually set to the OFF,
INTERMEDIATE, or ON position. The correct setting will depend on the weather and operating
conditions. A recent trend is to circulate engine coolant around the manifold hot spot. The coolant
is used Instead of the exhaust gases to heat the intake manifold.
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Fig 146. Manifold hot spot.

1.10. GOVERNORS

It has been proven that doubling an engine's speed will increaee its wear rate about four times.
Many military vehicles are equipped with a governor to reduce wear caused by exceesive engine
speeds. The two types of governors commonly used are the centrifugal and the air velocity
governor..

a. Centrifugal governor, The centrUngal governor operate. on the principle that a moving
object will try to travel in a straight line. In it. basic form a centrifugal governor has two weighted
arms pivoted or hinged on a spindle. At low engine speede the weighted arms are held close to the
spindle shaft by a spring. Notice in figure 1-37 that the spindle is connected to the throttle valve
by linkage. The spindle and weighted arms are rotated by the engine. When the engine reach..
the maximum epeed for which the governor ie set, the weights overcome the tension of the spring
and move outward. The governor thus Waits the amounts of fuel mixture delivered to the cylinders.
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Fig 1-37, Centrifugal governor.

b. The = too or vacuum overnor tag 1-38). The velocity or vacuum governor is operated
by the or vs ti of the r-fue mixture as it passes through the carburetor and intake
manifold vacuum. This governor is m.*mted at a point where it can control a throttle valve. The
throttle valve is mounted off center on its shaft and held open by spring pressure. The valve is
placed at an angle that will cause the fast flowing air-fuel mixture to attempt to close the valve.
A vacuum piston is co mected to the throttle vgva shaft by a laver. As the engine snood twosome,
the speed of the flowing mixture increases and begins to overcome the spring tension, closing the
throttle valve. This reduces the amount of mixture that can enter the cylinders and thus limits
the engine speed. Intake manifold vacuum and normal air pressure acting on the vacuum piston
hold the valve steady. This keeps the engine speed from surging.
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Fig 1.38. Velocity or vacuum governor.
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AUTOMOTIVE FUEL AND EXHAUST SYSTEMS

35.25a

Lesson 1

Fundamentals of Gasoline Engine Fuel Systems

STUDY ASSIGNMENT; Information for MCI Student..
Course Introduction
MCI 35.25a, Automotive Fuel and Exhaust Systems, chap I.

LESSON 011.1EcT1VE: Upon successful completion of this lesson, you will be able to identify the
main components of the gasoline engine fuel system, how they are constructed,
and how they operate.

WRITTEN ASSIGNMENT:

A. Multiple Choice; Select the ONE answer which BEST completes the statement or answers the
queation. After the corresponding number on the answer sheet, blacken the appropriate box.

Value; 1 point each

1. The purpose of the fuel system is to store liquid fuel and

a. deliver it to the engine cylinders, c. lubricate the engine components.
b. cool the engine components.

2. Which component of the fuel system is used primarily to store fuel?

a. Fuel tank
b. Carburetor

c, Fuel filter
d. Fuel pump

3. How are the thin sheets of steel that make up a fuel tank sealed together?

a. Either welded or crimped c. Glued with epoxy glue
b. Riveted

4. What is the purpose of the fuel tank ventilation system?

a. To keep water from entering the tank during fording
b. To act as a bypasa port when the tank is overfilled
c. To allow air into the tank and to allow expanding gases to escape
d. To allow water that is in the tank to evaporate

5. What is the purpose of he fuel system main line?

a. To act as a vapor return line back to the fuel tank
b. To prevent vapor lock in the fual system
c. To deliver fuel to the engine compartment

6. The fuel filter removes foreign substances from the fuel that could

a, speed up out engine.
b. cause the fuel tank to rust.
c, clog the vent tubes and the filler neck.
d. clog fuel passages and degrade engine performance.

len 1; p. 1
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7. What draws fuel from the fuel tank?

a. Carburetor c. Intake manifold
b. Fuel filter d. Fuel pump

8. When will the positive type fuel pump supply fuel?

a. Continuously when the engine is running
b. Any time the ignition switch is on
c. Only when it is needed in the carburetor
d. Only when he pump pressure drops to a low psi

9. When does the nonpoeltive fuel pump supply fuel?

a. When it is needed
b. When the engine is operating
c. When the engine speed rises above a predetermined point
d. When the ignition switch is on

10. Which fuel pump assists in the operation of the windshield wipers?

a. Positive c. Full flow
b. Semipositive d. Vacuum booster

11. An electric motor or a solenoid is commonly used to operate a

a. rositive fuel pump. c. manual fuel pump.
d. battery-operated fuel pump.b. isemipositive fuel pump.

12. Filtering air and muffling noise are purposes of the

a, fuel filter. c. air filter.
b. carburetor. d. air intake valve.

13. Which component acts as a flame arrester in the fuel system?

a. The air cleaner c. The carburetor
b. The fuel filter d. The hot spoton the intake manifold

14. A wettype air cleaner could also be called a(an)

a. element-type dry filter. c. replaceable oil cartridge type.
b. oil-bath air cleaner. d. water-bath air cleaner.

15. A characteristic of dry-type nie oe .iers is that they filter air by what process?

a. By air swirling over oil Ix .Vre iti .ering the intake manifold
b. By the swirling motion of at- flow and sudden changes In direction of air flow
c. By using a primary and Sect .:deice,, in4ine filter
d. By an air induction blower L ..to,.;i

Pl. To burn properly, gasoline must be

a. vaporized.
b. metered.

35. 25
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c. injected*
d. condensed.
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17. Which component of the fuel system must supply the right mixture of air and fuel to
the engine in order for it to operate properly?

a. Carburetor
b. Fuel filter

c, Injection
d. Fuel tank

18. What effect does the veuturi in the carburetor have on the flow of the air intake?

a. Increases the air speed
h. Slows down the air speed
c. Decreases the air flow to a point where fuel and air ratio is approximately 1511
d. Regulates the air now depending on the octane of the fuel

19. The float, low-apeed, highspeed acceleratingpump, and choke are circuits located in
the

e. fuel pump. c. fuel tenk.
b. carburetor, d. fuel injector pump.

20. In what state is fuel considered to be when it leaves the intake manifold?

a, Condensed
b. Vaporized

c, Liquid
d. Expended

21. What is used to regulate excessive engine speeds?

s, Carburet*. c. Fuel density compensator
b. Governor d. Fuel injector pump

22. The principle that a moving object wiU try to travel in a straight line is used in the

a. velocity governor. c, centrifugal governor.
b vacuum governor. d. fuel velocity governor.

23. How is the velocity or vacuum governor operated?

35,25
Ise I; p. :

a. By electrical impulses from the battery
b. By the speed or velocity of the air-fuel mixture
e. By the speed of the engine
d. By the fuel density compensator

Total Points: 23
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Chapter 2

MAINTENANCE OF GASOLINE ENGINE FUEL SYSTEMS

2-1, INTRODUCTION

In the first chapter the purpose, construction, and operation of components in a gasoline fuel
system were presented. You will now be studying the inspection. testing. adjusting. servicing or
cleaning, and repair and replacement of these parts. The contents of this chapter are examples
of the jobs you as an organizational repairman, will have to do, Keep in mind that when you are
working on the fuel system, gasoline is made to burn in the engine and not on it. Neither should
it burn in the tank, on the floor, or on you. Make sure the work area is kept free of spilled peo-
line and that there are no sparks or fire in the area that can start the gasoline burning,

2-2. AREAS TO INSPECT IN THE FUEL SYSTEM

Before any work is done on a fuel system, you should know what needs to be done. One way
to find this out is to inspect the system. This means look it over and see if you can find anything
wrong. When inspecting, you should start at one end of the system (either end) and work step by
step all the way through (fig 2.1). Don't miss a thing. For instructional purposes we will use the
M151 114-ton truck as an example vehicle for this chapter.

.

Fig 2-1. Areas to inspect in the fuel system.

You will start with the fuel tank on the M151 114-ton truck (fig 2-2). About the first thing
you would see on this would be the filler neck cap, so take it off and take a good look at it.
Some of C., things you should look for are dirt and rust. Neither of these should be given
a chance to get into the fuel tank because they can cause a lot of trouble, In fact, they
probably cause more fuel system trouble than anything else, except possibly water. An
other thing to look for on the cap is the retaining chain, which keeps the cap from being
dropped and lost. The gasket in the cap must form a seal between the cap and the filler neck.

2-1
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Pig 22. Fuel tank.

Inspect the strainer that is inside the filler neck. It Should be free of ruet or dirt and have
no holes, bends, kinks, or anything else that would make it unserviceable.

Now for the tank, It should be checked for such things as dirt, rust, and water on the ineide.
Check the outside for leaks, dents. and damage to the filler neck. Be sure the mountings
are not loose, While you are At it you should note how much fuel is in the tank because
you will need to know this to check the fuel gage later.

Now look on top of the tank. An item you should give some attention to is the sending unit,

Check the fuel gage to see if it accurately shows the amount of fuel in the tank. If it doesn't,
the sending unit may be at fault. While you are at it, you better check the electrical
connections, gasket, and the mounting screws, Another item at the tank is the fuel pump.
Again the things you should check on it are electrical connections, gaskets, and mounting
screws. Another thing to check for on the pump is leaking fuel and vent line connections.
A little farther on in the lesson you will find out how to make a fuel pump test.

After checking the line connections at the fuel pump, check the fuel line all the way to the
carburetor and the vent line to the air cleaner, You ehould look for such things as leaking
connections and broken, bent, crimped, or leaking lines.

So far you have covered the components from the tank filler cap to the carburetor. On
the carburetor you should look for leaks, cracks, secure mountings. leaking gaskets. and
loose or missing screws, Next, inspect the linkage that controls the operation of the
carburetor. When checking the accelerator linkage, you should look for missing or damaged
parts, proper connections, and correct adjustment. On the choke linkage, you should check
the cable condition, the cable stop, and cable adjustment (it should move the choke from the
full open to the full closed position). Also check the cable operation and choke control
mounting (fig 2-3).
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Fig 2-3. Accelerator linkage.

When the engine is operating, fuel will be flowing from the tank, through the lines, and
through the carburetor. A lot of air must go through the air cleaner if the fuel system is
to operate properly, so it must also be checked. Before inspecting the air cleaner, its cover
must be removed. The things to look for are dirt, the condition and amount of oil in the oil
cup, clogged wire mesh, and holes in the oil cup. In addition, check it for secure mounting
and the condition of the air hose, hose clamps, and all fittings.

Don't forget to check the intake manifold, too; it is part of the airuel system. To check
the intake manifold gasket for leaks, put a small amount of oil around the intake manifold
flanges while the engine is running. If the oil is sucked into the manifold, the gaskets are
leaking. Loose manifold bolts will cause the gaskets to leak, so tighten them before blaming
the gaskets. (The four 1 114" long mounting bolts require 23-28 ftlbe torques the two 1 I/2"
long bolts require 1042 ft-lbs torque.) You should elso look for excess dirt on the manifold
and check for a cracked or warped manifold (fig 2-4).

45'

Fig 2-4. Intake manifold.

2-3. CLEANING THE I13EL TANK

We mentioned before that dirt, rust, and water cause most of the trouble that we have in the
fuel system. Even with the strainer screen in the tank neck, water and dirt will sometimes get into
the fuel tank. When it does, get it out as soon as you can to prevent it from getting into other
parts of the fuel system, The beet way to do this is to drain and flush the tank. Let's take a look
at how this should be done. First, you will need a container large enough to hold the fuel in the tank.
Make sure that the vehicle is located in an area that is well ventilated and safe from fire. Be sure
to disconnect the battery ground cable. Since the dirt, rust, and water are heavier than the fuel, they
will have settled to the bottom of the tank. To be sure it all drains out, you should stir it up to mix
it with the fuel. Do thls by inserting a hose into the tank filler neck and blowing through it with
compressed air. After the dirt is mixed with the fuel, remove the drain plug and allow the fuel to
drain into the container, While the tank is draining, use short bursts of air to keep the dirt and
water mixed with the fuel gig 2),

2-3
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Fig 2-5. Fuel tank drain plug.

After all the fuel is i.. aided, there may still be some dirt left in the tank. This can be
flushed out with cleaning solvent and a solvent gun. After the tank is flushed. allow it to
dry completely.

When the tank is dry, replace the drain plug and strainer screen. Refill the tank with fresh
fuel and replace tho cap. Before you go any further. remove all fuel and cleaning material
from the area to reduce the chances of a fire. Connect the battery ground cable. start the
engine, and run it for a short time to flush the lines with clean fuel.

2-4. REMOVAL AND REPLACEMENT OF THE FUEL TANK

During the inspection you may find that the fuel tank is leaking. U it is. all you are ac'hor-
teed to do at the organizational maintenance level is to replace the tank. Before removing the
fuel tank, you will need to disconnect the battery ground cable and drain the fuel. U the fuel does
not contain water, rust. or dirt, it can be saved and used in the new tank, To do this, you must
catch it in a clean container and then use care to keep dirt from falling in the container throughout
the job.

Since the fret tank on the M151 truck is located under the driver's seat, the seat must first
be removed. After doing that, unplug the electrical connectors at the fuel pump and the fuel
gage sending unit, and unscrew the fittings that secure the fuel and vent tubes to the fuel
pump. Carefully bend these two tubes to one side' so they will not be in the way when removing
the tank (fig 2-6).

Fig 2 -6. Removing connections.
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The fuel tank is sec ured In the vehicle by four screws and washers, two et the front end
two at the rear of the tank. Remove all four of these screws (fig 2-7).

s

4

W

dr=

ASIR
itro/..,

Trig 2-7. Removing screws.

Lift the fuel tank out of the vehicle. Make sure that the fuel and vent tubes do not catch
the flange of the tank. It :move all parts from the old tank, such as the fuel pump, fuel
gage sending unit, and pipe plugs, that will be needed on the new tank (fig 2-13).

Pig 2-8. Removing tank.

inspect the new tank to see if it has been damaged in shipment or if anything such as paper
or packing hes gotten inside of it, It Is a lot easier to clean it out now than after it has been
installed. Install the fuel pump, fuel gage sending unit, and plugs in the new tank. Use new
mounting gaskets on the fuel pump and fuel gage sending unit.

Install the new tank in the vehicle In the reverse order of removal, Be careful when con.
:meting the fuel and vent tubes. Turn the fitting nuts e few tarns by hand before using a
wrench to be sure they are not cross-threaded. rill the tank with clean fuel and connect
the battery ground cable. Start the engine and let it run for a few minutes while you inspect
the fuel system for leeks. Then install the Beat to complete the Job.

2-5. letiEL PUMP TESTING AND REPLACEMENT

In this portion of this lesson we will discuss the procedures to be followed to test end to
replace the fuel pump on the M181 1 /4-ton truck. Some general information thet applies to
repair work on ell fuel systems will be discussed first so it won't heve to be repeated.

u Testing the fuel pump. Check the pump to make sure it performs the way it should. To
do this you need a vecuum/pressure gage. To use the gage. disconnect the flexible fuel hose at

2-5
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the carburetor as shown in itgure 2.9a and connect the pressure gage shown in figure 2-91). With
the pressure gage attached, start the engine again and observe the pressure reading. Correct
pressure is from 4.9 to 6,4 psi. If the pressure reading Is not within this range, the fuel
pump will have to be replaced.

.4

a. Disconnecting flexible fuel hose at carburetor.

Fig 2 -9, Testing of the fuel pump.

b. Removal, Before beginning, always check to make sure that enough repair parts and equip-
ment are on hand to complete the job. Obtain the new parts and inspect them carefully to make sure
that they have not been damaged during shipment. If fuel is to be dralned;-be sure you have a on-
tainer that does not leak and is large enough to hold all the fuel drained from the tank.

b. Vacuum/pressure gage,

The vehicle must be located in a well-ventilated area and away from any open flames or
sparks, if the job is to be done in a building, make sure that enough doors and windows are opened
so the gasoline vapors are not allowed to build up. Just one tiny spark is all that is needed to
ignite gasoline vapors !

Cleanliness is very important when working on the fuel system, A small piece of trash stuck
in a valve, jet, or passageway in the carburetor can cause problems in engine operation. Before
disconnecting a fuel line or removing and disassembling a part, be Cure to remove any loose dirt
or trash from around the line or part. After a part has been removed, a temporary covering such
as a clean rag should be placed over any exposed openings in the fuel system, All parts that are
to be reinstalled must be thoroughly cleaned in drycleaning solvent or mineral spirits.

When loosening or tightening fuel line fittings, use two open-end wrenches to prevent
breaking fittings and twisting lines, Use one wrench to hold the stationary fitting while loosening
the turn nut, After disconnecting the lines, inspect all fittings for stripped threads, cracks, and
other damage, Inspect flexible fuel lines for damaged fittings and for cold weather-cracked hose
frig 2.10).
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Fig 2.10. Loosening fuel lines.
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The electric wire to the fuel pump can now be disconnected. Thie is a plug-in type connec-
tor thet can be disconnected without the use of tools gig 3-111.
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Fig 2.11, Removing electric wire.

There ere two lines (tubes) connected to the pump cover. The smaller of the two is the fuel
tenk vent end the other is the fuel line. Moe open-end wrenches to disconnect both lines. All ten
mounting screwe and lockwashers that secure the pump cover to the tank cen now be removed.
Refer to page 2-4. figure 2-8. The pump ana filter assembly is removed by lifting it straight
up and out of the tank. Remove and discard the old fuel pump cover gasket (fig 2-121.

Fig 2 -12. Removing fuel pump.

c, Repair. If you are going to inetall a repair kit instead of a new pump assembly, proceed
as follcnve. After the pump is removed, cover the fuel pump opening in the tank to keep any dirt
from accidentally falling into the tank. Remove the three ecrews and washers that secure the filter
retaining plete to the bottom of the fuel pump and lift off the retaining plate gig 2-13).

c'"
rig 2-13. Removing screws from fuel pump,

2-7
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Lift off the fuel filter element. Discard the two filter gaskets, one at each end of the filter.
These gaskets are not shown in the illustration. If the filter element is damaged or dirty, reply :e
it with a new one when reassembling the pump (fig 2-14).

Fig 2-14. Removing element.

The repair kit contains one cup, two filter gaskets, one rubber grommet, one nut, one pump,
one shell, one sleeve. one washer, and a special wrench. Identity these pants on the fuel pump by
referring to figure 2-15. The special wrench is not shown. After you have located the parts that
are to be replaced, finish taking the pump assembly apart.

Siti.1. C81, illit

Fig 2-15. Fuel pump illustration.

2-8
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Use the special wrench provided with the repair kit to remove the nut securing the electrical
fitting to the top of the fuel pump mounting plate. Cut the electrical wire; then remove and discard
the old rubber grommet. Unscrew the nuts securing the fuel lines and pump to the mounting plate,
and discard the pump.

Reassemble the fuel pump In the reverse order of disassembly, using all the new parts
supplied in the kit. Make sure that the electrical wire is secure In the mounting plate and that the
new rubber grommet is i.asitioned properly.

d. Replacement. Place the pump and filter assembly in the fuel tank. Be sure the assembly is
positioned over the screw holes and is alined with the fuel and vent line fittings. Start all ten
mounting screws with lockwaehers by hand. Turn each screw in two or three turns. The mounting
screws must be tightened evenly, to prevent warping the mounting surfaces and causing a fuel leak.
A suggested tightening sequence is shown in figure 2-16. It may be necessary to repeat the
tightening sequence several times as shown in the figure. Complete the pump installation by con-
necting the fuel and vent lines and the electrical connecters.

Fig 2-16. Tightening sequence of the fuel pump.

Connect the battery ground cable, making sure that contact surfaces are dean. Install the
battery cover--avoid touching the battery terminals with the cover and causing a short circuit.

Check for !Lei leaks before installing the driver's seat by filling the tank with gasoline to
see if the fuel pump mounting gaaket leaks, Start the engine and check to see if the fuel line
connections lead under pressure. Now test the new fuel pump with a pressure gage to determine
if it' is operating properly, as outlined in section a,

e. Fuel pump safety switch. The fuel pump safety switch is used with the electric In -tank fuel
pump. (14151A2, M825, and M718A1 vehicles have a mechanical Mel pump and no safety switch.)
The fuel pump safety switch (oil pressure safety switch) automatically stops the flow of fuel to the
carburetor when the engine oli pressure falls below 3 1/2 to 7 1/2 psi. This action is accomplished
by the switch cutting off current to the electric fuel pump. To start the engine when it would nor-
mally have no oil pressure, a second circuit Is connected to the starting motor switch, bypassing
the safety circuit only while the starter is being used. The second circuit also prevents fuel pump
operation when only the ignition switch is turned on, preventing accidental flooding of the carburetor.

To test the fuel pump safety switch is an emergency procedure to be used when the engine stops
with indications that the safety switch may be defective Mel pump inoperative). Before testing the
switch, be sure there is sufficient oil in the crankcase for operation. Do not operate the vehicle
without the use of the safety switch.

Disconnect the mate connector which contains leads No. 77.77A and 77B (fig 2-17) from
the Hafety switch. These wires control the safety cutoff feature.

Connect No. 77 and 77-A leads together with a jumper wire. The electric fuel pump should
now operate with the ignition switch on.

2 -9
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if the fuel pump operates with leads connected together, start the engine and immediately
check the pressure indicated on oil pressure gage.

If no pressure is indicated, shut off engine and notify direct support maintenance. If
pressure is indicated, replace the safety switch.

Fig 2-17. Fuel pressure safety switch circuit diagram.
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2 -8. SENVICING AND REPLACING OF THE MR CLEANER

As you no doubt guessed when we were discussing the inspection of the air cleaner, the air
cleaner does have to be serviced. This is one of the regular jobs that the organizational repairman
has to do often, so let's see how it is done on the M151 114-ton truck. The air cleaner is an oil-
bath type and is located in the front left area of the engine compartment, Loosen the air cleaner
cover clamp, and lift off the cover, Lift out the air cleaner element, All air entering the engine
must pass through this element, so check its condition carefully (fig 2-18, steps 1 and 2). Finish
taking the air cleaner apart by removing the oil cup, Discard the old oil in the cup. Dirt trapped
by the old oil will build up in the bottom of the oil cup (step 3),

Step 1, Step 2, Step 3.

Fig 2-18, Steps in servicing the air cleaner,

a, Cleanin , Wash the oil cup, air cleaner element, and air cleaner body in drycleaning sol-
vent or mineral spirits, Dry them with a clean cloth. Place the oil cup in the air cleaner body
and fill it to the level mark with engine oil. Make sure that you don't overfill it, If the cup is
overfilled, it may cause oil to be drawn into the cylinders, Next replace the air cleaner element
and cover (fig 2-19).
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Vig 2-18, Assembling the air cleaner,
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b, Re acing the air cleaner, During the inspection or servicing of the air cleaner you may
rind that it is bad and has to be replaced, This, too, is a job of the organisational repairman.

To remove the complete air cleaner assembly, first loosen the clamp securing the carburetor
to air cleaner hose to the air cleaner, pun the hose from the air cleaner (fig 2-20),

Fig 2-20, Removing air cleaner,

Next, use your hose clamp pliers to loosen the spring type clamp that Secures the carburetor
float chamber vent hose to the air cleaner, Pura the vent hose from the carburetor (fig 2-21),

Fig 2-21. Removing vent hose.

Don't overlook the fuel tank vent line and the fuel pump safety switch vent hose that are
connected to the ItT" fitting on the air cleaner, Disconnect these by unscrewing the line fitting and
loosening the hose clamp (fig 2-22).

rig 2 -22, Puel tank vent line.
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Remove the screws and washers holding the air cleaner to its mounting bracket and remove the
air cleaner. Itse the reverse of the removal procedures to install the air cleaner. The new air
cleaner is dry, so don't forget to remove the cover and element and fill it with the proper amount
of engine oil (fig 2-23).

Fig 2-29. Removing screws and washers.

2-7. ADJUSTING THE CARBURETOR

Another task for the repairms. working at organisational level will be to adjust the carburetor
on an M151 1/4-ton truck. This will need to be done any time the engine idles roughly or at the
wrong speed. The first step in making a carburetor adjustment is to warm the engine to normal
operating temperature. Then proceed as follows:

a. For non-ernieelen control vehicles.
,

Remove the inspection plug from :he distributor cover and in its place install a primary
connector adapter. Connect tachometer leads as shoe-1, grooming one tachometer lead
to the engine and attaching the other lead to the terminal on the primary connector adapter
(fig 2-24).

Fig 2-24. Connecting tachometer leads.

start the engine and turn the idle speed adjusting screw on the carburetor to obtain the
correct idle speed. Then gum the idle mixture screw in (clockwise) until the engine runs
roughly or starts to slow down. Slowly turn the idle mixture screw out (counterclockwise)
until the engine operates smoothly. If necessary, readjust the idle speed adjusting screw to
obtain the correct idle speed (fig 2-25),
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Fig 245, Idle mixture screw.

U the M151 truck has a 'Holley carburetor. the correct Idle speed is 550 to 800 rpm. If
It hue a Zenith carburetor, It is 500 rpm. One way of telling which type carburetor the
truck has is by the float chamber ventilation hose between the carburetor and the air
cleaner. U the truck is equipped with this hose, it has a Holley carburetor; if it does
not have the hose. a Zenith carburetor is used.

b. For emission control vehicles.

The new emission control system carburetors are preset by the manufacturer and the
mixture adjusting screw is sealed, Do not attempt to adjust the carburetor during
installation unless the engine does not Idle or perform properly. Upon receipt of new
vehicles or durLg service of vehicles, if the idle operation of the engine is erratic or
the engine is otherwise not fUnctioning properly, adjust carburetor as instructed,

The lean drop method adjustment requires the use of a test dwell tachometer, a screw-
driver, and a 5184-inch alien wrench.

Connect the tester dwell tachometer to the engine. Insure that the tachometer is in
proper calibration prior to making the adjustment.

Check to see that the engine timing and dwell are properly adjusted,

Warm up the engine to normal operating temperature,

Turn the idle adjustment screw until the engine reaches 700 rpm's,

Remove 'be seal plug (fig 248) and turn the mixture adjusting screw by using an alien
wrench 4 ounterclockwise until the maximum rpm is reached,

.4 !!Al /WO
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rig 2-28. Carburetor adjustment (emission vehicles).

Turn the idle adjusting screw until the engine reaches 700 rpm.

Turn the mixture adjusting screw clockwise until the engine reaches 840-850 rpm's.
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Disconnect the teeter dwell tachometer from engine.

Install a new seal plug in the carburetor idle mixture adjustment screw hole.

2-8. REMOVAL AND REPLACEMENT OF THE CARBURETOR

If the carburetor idle mixture cannot be adjusted properly, you will sled to replace the
carburetor. The replacement procedures for the Holley and Zenith carburetors are the same,
except for the float chamber ventilation hose. The procedures are performed in the following
manner:

a. Removal. Disconnect the float chamber ventilation hose at the carburetor on Holley car-
buretor-7-QT. Loosen the air intake hose clamp and pull the Intake hose from the carburetor.
Disconnect the fU..1 line and clean nir Inlet tube, from the distributor and crankcase (fig 2-27).

./*

Fig 2-2I. Removing air tube for crankcase.

Loosen the two screws securing the choke control cable and cable houeing to the carburetor.
Pull the cable from the clamp and place it to one side, out of the way {fig 248).

lian.q_-`-

._l
_ L

Fig 2-28. Removing choke cable.
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Disethineet the throttle linkage at the ball joint on the throttle valve lever. The socket on
the linkage in spring loaded and can be released from the ball by pushing down on the socket (fig
2-29).

Fig 340. Throttle linkage.

Etnhook and remove the throttle return spring from the spring bracket and throttle bellcrank.
Remove the nuts and washers securing the carburetor to the intake manifold. The lower carburetor
mounting nut also secures the spring bracket which Is removed along with the nut and washer. Now
remove cae carburetor and discard the mounting gasket (fig 2.30).

Fig 3.30. Removing carburetor.

b. Re lacement (fig 2-30. Before you install the new carburetor, make sure that It contains
MI the needed f flings. riflings may be removed from the old carburetor and Installed in the new
one. Clean the gasket mounting surfaces and the air intake hose connections* then install the car-
buretor. Use a new mounting gasket and reverse the removal procedures. After installation, the
carburetor must be adjusted as described eartioe.

Fig 2-31. Installing carburetor.
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2-9. 1111.:MoVAL AN!) REPLACEMENT OF THE CHOKE CABLE

The choke cable may break or bind In its housing. If the cable is broken or does not operate
easily after lubricating, the complete cable and housing must be replaced.

a. Removal. Begin by loosening the air intake hose clamp and punt, g the air intake hose frcm
the carburetor. This is done so that you will be able to see the choke valve to determine Its loca-
tion when adjusting the new choke cable (fig 3-33).

4., --.0 Ili

Fig 3-33. Loosening air intake hose.

Loosen the cable housing clamp screw and the cable stop screw. Remove the clip that se-
cures the choke cable to the crankcase air inlet tube. Pull the cable and housing from the hous-
ing clamp and cable stop on the carburetor (fig 2-33).

I

Fig 3-33. Removing choke cable.

Now move to the inside of the vehicle and disconnect the choke cable housing from the dash
panel. ft is secured by one nut and washer on the back side of the dash. Pull the old cable and
housing from the dash and firewall (fig 3-34).

Fig 3-34. Removing cable and housing.
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b. Replacement (fig 3-35). Insert the new choke cable assembly in the desh panels place the
lockwnsher and nut on it, then start at the end of the cable in the rubber grommet in the firewall.
Slide the cable assembly through the dash panel and firewall grommet until it is in place against
the dash panel. Tighten the nut and lockwasher securing the cable to the dash panel (fig 2-35).

Fig 3.35. Installing cable.

At the carburetor, position the choke cable and housing in the cable housing clamp and the
cable stop. The cable must be adjusted before tightening the clamp and stop screws. To adjust
the choke, pull the choke control knob out 1/16 of an inch from the dash panel. Watch the choke
valve in the carburetor air intake opening and move the choke lever until the valve is fully open.
Tighten the cable housing clamp and cable stop screws to secure the cable. Check the operation
of the choke. The valve must completely close with the control knob pulled out and be fully open
with.the knob pushed in.

2 -10. REMOVAL AND REPLACEMENT OF THE THROTTLE CONTROL CABLE

Throttle control cables go bad in the same manner as choke cables. However, the replace-
ment procedures of the cables are not the same, so let's take a look at how the throttle cable is
replaced on the M151 1/4-ton truck. All the work for this job will be done from inside the vehicle.
First locate the place where.the accelerator linkage goes through the firewall. At this point, the
throttle cable plisses through a swivel on the linkage end is secured by a cable stop (fig 248).

. ,Aftt'gt/

Fig 346. Locating accelerator linkage.
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a, Removal. Loosen the cable atop screw and pull the atop from the cable. Then pull the
cable from the swivel Ifig 2-371.

Fig 2-37. Loosening cable stop.

At the back side at the dash panel. remove the nut securing the throttle control cable to the
dash panel (fig 2-38),

Fig 2-38. Removing throttle control cable.

b, Replacement. Insert the new throttle cable through the dash panel and secure lt.wIth the
nut. Stick the end of the cable through the accelerator linkage swivel and pull the control knob
out 1/16 of an Inch from the dash panel. Position the stop on the end of the cable so it Just touch-
es the swivel with the linkage at engine Idle. Tighten the stop screw and push the control knob
all the way in.

2-11. REMOVAL AND REPLACEMENT OF THE FUEL GAGE SENDING UNIT

Let us suppose that the fuel gage does not work. and after checking the electrical circuit
you find that the fuel gage sending unit is at fault. Tin. means that you will have to replace the
sending unit. Here is how you would do the Job on the M161 1/4-ton truck.
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a. Removal (fig 2-391. The seeding unit is located in the top of the fuel tank next to the fuel
pump. So you will have to remove the seats and disconnect the battery ground cable first. Then
you can unplug the electrical connection from the sending unit and remove the sorews and lock-
washers holding it to the tank.

a'

'1

Fig 2-39. Removing connection and screws.

b. Replacement (fig 2 -40). Lift the sending unit from the tank and discard the gasket. Clean
the gasket mounting surface, being careful to prevent dirt from falling in the tank. Position a new
gasket on the tank and install the new sending unit by using the reverse of the removal procedures.

Fig 2-40. Installing sending unit.

2-12. SUMMARY

You must be thoroughly familiar with the fuel system components that are used on spark-
ignition engines before you can satisfactorily maintain them. For practice, pick vehicles from
the ones in your unit so that you will have one of each type and model that is equipped with a
spark-ignition engine. Use the vehicle TM's and this lesson as referencos to find the fuel eyetent
components on all the vehicles* then make sure that you know how they are constructed and how
they operate.



UNITED STATES MARINE CORPS
MARINI CORPS INITSTUTE. MARINE SASSACKS

SOX ITT*
WASHINGTON. D.C. S001)

35. 25a

AUTOMOTIVE rum AND EXHAUST SYSTEMS

Lesson 2

Maintenance of Gasoline Engine Fuel Systeme

STUDY ASSIGNMENT: MCI 35.26s. Automotive Fuel and Exhaust Systems. chap 2.

LESSON OBJECTIVE: Upon successful completion of this lesson, you will be able to identify the
basic maintenance procedures of the gasoline engine fuel systems.

WHITTEN ASSIGNMENT;

A, Multiple Choices Select the ONE answer which BEST cornOstes the statement or answers the
question. After the corresponding number on the answer sheet. blacken the appropriate box.

Value: 1 point each

1. Gasoline Brea in the repair area are usually caused by

a. over ventilation. c. exhaust fumes.
b. spilled fuel. d. faulty wiring.

2. Who is responsible for repairing the fuel system?

a. Vehicle operator c. Dispatcher
b. Mechanic d. Line NCO

3. Starting from either end end working step by step all the way through is a procedure used
when inspecting the

a. fuel pump system. c. air induction system.
b. fuel system. d. fuel filter system.

4. The intake manifold is considered a part of the

a. airfuel system. c. electrical system.
b. exhaust system. d. starting system.

5. Linkage, intake manifold. end electrical connections are areas to check when inspecting the

a. exhaust system. c. fuel system.
b. electrical system. d. intake system.

S. Before inspecting the air cleaner. you must arm

a. drain the fuel filter. c. make sure the engine is cold.
b. remove the air cleaner cover. d. bring the engine to operating temperature.

7. How are water end dirt removed from the fuel tank?

a. By use of the final fuel filter c. By draining and flushing
b, fly use of the secondary fuel filter d. By steam cleaning

lsn 2; p. I
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H. When flushing the fuel tank, to be sure all dirt, water, and rust drain from the fuel tank.
you should

a. stir it up to mix the fuel by using an air hose,
b, operate the electric fuel pump to mix the rust and dirt.
c, use a high pressure steam hose to mix the fuel and dirt.

9. What is used to flush the fuel tank after the fuel has been drained from it?

a. Air pressure c. Cleaning solvent and solvent gun
b. Steam cleaner d. Water under high pressure

10, When connecting the fuel lines to the fuel tank, you should

a, cost the threads with grease to prevent rusting.
b, turn the fitting nuts a few turns by hand to insure that they are not cross-threaded.
c, connect the vent lines first.
d, turn on the ignition switch to make sure there is current in the sending unit switch.

11. Removal and replacement is the only repair procedure authorised on the fuel tank at the
maintenance level.

a, driver's
b, direct

c. depot
d. organisational

12, To avoid gasoline vapors from building up when removing the fuel pump. you should

a, drain the fuel tank. c, move the vehicle to an enclosed area.
b, disconnect the fuel lines. 4, locate the vehicle in a well ventilated area.

13. When removing tne fuel pump, loose dirt or trash should be removed from around the
immediate area to

a. prevent contamination of the fuel system.
b, determine wttch size wrench should be used.
c, determine if there is a leak in the line.
d, identify the lines, because they have to be removed in sequence.

14. When loosening or tightening fuel line fittings, two open -end wrenches are used to

a, speed up the process so fuel leakage is at a minimum.
b. prevent breaking fittings and twisting lines.
c, lessen the chance of causing a spark.
d, apply added torque due to rust on the fittings.

15. To avoid sparks when servicing the fuel system, you would

a. disconnect the battery ground cable,
b, use a nonmetallic wrench.
c, make sure the vehicle is grounded.
d, remove the battery from the vehicle.

16. When refilling the oil in the air cleaner. care should be taken not to overfill the cup.
This may cause

n. lack of air flow to the engine,
b, oll to be drawn into the cylinders,
c, oil to leak down on the spark plugs causing a short.
d. excessive oil consumption.

'35.::5
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17, The engine should he running at normal operating temperature prior to

c, setting the float level.a. adjusting the carburetor,
h, removing the carburetor. d, replacing the carhuretor.

18. The carburetor should be replaced if

a. the float level is out of adjustment.
b. the fuel filter screen is bad,
c, the idle mixture cannot be adjusted properly,
d, there is a leak at the fitting to line connection.

19, A choke cable that binds in its housing even after lubrication should be

a, replaced along with the housing. o, used as little as possible,
b, taken apart and cleaned, d. flushed with a cleansing solution.

29. The throttle control cable on the M151 is connected to the

a. accelerator linkage inside the vehicle.
h, fire wall.
c. accelerator pump on the carburetor.
d, linkage on the PCV valve.

21. The fuel tank in full, but the fuel gage registers a quarter tank. You check the fuel gage
and find it to be good. What would you check next for possible replacement?

e. The float level in the fuel tank c. The fuel lines from the tank
h, The fuel pump d. The fuel sending unit

22, What effect will a bad fuel sending unit have?

a, The vehicle will not run.
b. The fuel pump will not operate.
c, The engine will have a miss,
d, The fuel gage will not properly operate.

Total Points; 22

,!.
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Chapter 3

FUNDAMENTALS OF COPAPRESSIONIGNMObl FUEL SYSTEMS

34, INTRODUCTION

It is easier to understand the operation of a piece of equipment if you first know what is re-
quired of it. With this in mind, take a look at what compreirsion4gnition engine. require of their
fuel systems. Then take a look at the types of systems we will discuss fig 3.1),

REQUIREMENTS FOR COMPRESSION-IGNITION
_FUEL SYSTEMS

Mew
Dewily,*
Atomize
Time
Clean

Fig 3.1. Requirements.

First, the engine must have fuel accurately metered to its cylinders. There meet also be
some way for the vehicle operator to vary the amount of fuel metered so he can control engine speed.
Second, equal amounts of fuel must be delivered to all of the cylinders at preskures high enough
to atomize or to change the fuel into a fine spray, Equal amounts of fuel to the cylinders are needed
if the engine is to run smoothly. Since the fuel is injected directly into the engine's cylinders
on their compression strokes, extremely high pressures are needed to atomise and force the fuel
into the compressed air. Third, the fuel must be injected into each cylinder at exactly the right
Instant. U the fuel is injected too soon, it will start to burn too soon and a detonation knock or
engine ping will occur. U the fuel is injected too late, the effective power strokes are shortened
and the fuel may still be burning when the exhaust valves open. This reduces engine power and
could burn the exhaust valves. The fuel and air supplied must be clean and these must be no
restrictions in the air induction system. Dirt in the fuel will quickly damage closefitting parte
in the fuel Injection pump, Dirty air will score cylinder wail-, pistons, and rings. Restrictions
in the induction system will reduce the amount of air entering the cylinders, thus reducing power
output of the engine.

3.2. DISTRIBUTOR INJECTION PUMP FUEL SYSTEM COMPONENTS

a. Pu ose, Fuel syeteme of miry different designs are used on compression-ignition engines
to meet a requirements listed above in the introduction. The different systems are classified
according to the design of the injector pump that produces the high pressure needed to inject fuel
into the cylinders. It is not practical to cover in this chapter the construction and operation of all
the different systems. However, one common system that is used in 2 1 /2- and 5-ton military
trucks equipped with multifuel engines is the distributor injection fuel pump system. We will also
discuss the air Induction systems used on compression4gnition engines. To make up the eystem,
e truck has a fuel tank, Is -tank fuel pump, three fuel filters, an injector pump assembly, six
fuel Injector nozzles, and connecting fuel lines. In order to become familiar with the system,
let's trace the fuel flow through the fuel system and discuss the location and function of the fuel
system parts.
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b. Fuel tank. The 2 112 -ton truck and some of the Stoll trucks have one fuel tank mounted on
the frartm; 7arnember of the truck. Fuel tanks for military corapresstonignitionengine-powered
vehicles are about the same as tanks for spark - Ignition engines. They have a filter inlet and an
outlet and are vented to the air cleaner. One difference le that tanks for compression ignition
engines have an opening for a fuel return line. This is because compression- ignition engines are
always supplied with more fuel than they can use. The exceee is sent back to the tank through a
fuel return line. Some 8 -ton trucks have two fuel tanks so they can store more fuel. The second
or auxiliary tank is mounted on the right side of the truck and the main tank is on the left. An
electric fuel transfer pump is located on a bracket in front of the auxiliary tank. It is used to pump
fuel from the auxiliary tank to the main tank. The transfer pump switch is located on the inetru..
ment panel near the center. A float valve in the main tank can shut off incoming fuel from the
transfer pump to prevent the tank from overflowing (fig 3..24

DUAL FUEL TANKS 15 -Ton %di

PRIMARY
NEI FIE TER

w 4
TWAT
VANE

FUR TRANSFER
PUMP

INTANR PUMP
MAIN TANK

iti ,____

AURItIART TANK

Fig 34, Dual fuel tanks (5-ton truck).

et. In -tank fuel pump. An electric in -tank fuel pump is located in the main tank. The pump Is
the centrifugal, electricmotorKiriven type that has a pickup screen to strain the feel before it
enters the pump. When the accessory switch on the instrument panel is turned on, the in -tank
pump operates forcing the feel out through the fuel feed line. Pressure on the fuel leaving the tank
is about 5 psi.

cl. Primary fuel filter Nig 3-3). The fuel first flows to the primary fuel filter. On the 3 1 /2.
ton truck, the primary filter is located on the right frame rail of the vehicle. On the 5 -tea truck
it is attached to the frame rail under the left front fender. This filter strains the fuel before it
reaches any fuel system parts on the engine. Notice that it has a drain valve on the bottom for
draining trapped water and trash.

illAINING
%CR.% Atr

AMA'.

Fig 34, Primary fuel filter.

Notes Study foldout illustration No I in the back of this chapter. As you study, trace the
fuel flow in the illustration and note the relative position of the parts.
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e, Fuel supply pump fig 3.4). After passing through the primary filter, the fuel flows through
a flexible line to the fuel supply pump inlet. The supply pump is mounted on, and driven from,
the fuel injector pump. It operates only when the engine is running and boosts the fuel pressure
to the injector pump. The pressure from the in -tank pump is not great enough to supply the needs
of the injector pump. The fuel supply pump assembly is a positivedbplacement, gear -type pump
that is a lot like the gear-type pumps used in the engine lubrication system. In addition to the
pump housing It contains inlet and outlet ports and a check valve. When the supply pump le not
operating, fuel flowing from the in -tank pump Is blocked by the pump gears, However, the fuel
pressure is great enough to open the supply pump check valve which is held closed by a light spring.
Fuel then flows through the check valve into the supply pump outlet, bypassing the pump gears.
This feature permits in -tank pump pressure to bleed air from the low - pressure section of the
fuel system before starting the engine. When the engine Is started, the supply pump operates,
increasing the pressure at its outlet and closing the check valve. Pressure produced by the trans-
fer pump varies from approximately 20 to 70 psi, depending on engine speed and the type of fuel used.

A Housing cover
B Pump housing
C Gear
D Drive shaft
B Idler gear
F Check valve spring
C Check valve
H Check valve screw

Fig 3.4, Fuel supply pump,

f, Secondary and final fuel filter (fig 3 -5). Fuel leaving the supply pump flows through a fuel
line to the secondary fuel filter. Both filters are located on the left rear of the engine, The
secondary filter Is also commonly called the engine primary filter, but don't confuse It with the
primary filter that is mounted on the vehicle frame. The secondary and final filters are both sealed
by one common cover. Drain valves for draining trapped trash and water are located in the bottom
of the filters as on all compression-ignition engine fuel filters. Two vent valves, one for each
filter, are installed in the filter cover. Air trapped in the fuel system can be bled off through the
vent valves,
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Fig 3-3. Secondary and final fuel filter.

g. Relief valve fig 3 -6). A relief valve is located in the fuel filter cover. The primary purpose
of this valve is to control maximum fuel pressure. This valve is needed in case either of the filter
tkments becomes plugged. Since the Nei supply pump is of the positive type. it can build up enough
pressure to damage itself and oth.'r kel system parts if the fuel flow is blocked. By using the re-
lief valve when the fr..ers become plugged. fuel pressure will only build up enough to overcome the
relief valve spring and force the valve open. Fuel flowing through the open valve is carried back to
the fuel tank through the fuel return line.

sPit 0

"ectsZte"

vAt
Pluta0(' 0

Fig 3-8, Ftlier relief valve.

b. Injector Donis hydraulic head fig 37). Fuel flows from the final stage filter through a tube
to the injection pump inlet "ne fitting. This fitting is screwed into the fuel densiV compensator
which is located on the rear of the injection pump assembly. The fuel density compensator will
be discussed later. Fuel is directed from the injection pump inlet tee to the injection pump hr.
dreelte head. In the Injection pump hydraulic head, the fuel is metered, pressurized, and die..
tributed to the cylinders. Just how this is done will be discussed later. Fuel is sent from the
hydraulic head to the injector nozzles at the cylinders through high - pressure fuel lines. These
lines have thick walls to withstand the high pressure produced by the hydraulic head. The pressure
may go as high as 3,300 psi, Notice that the lines are connected to the hydraulic head like the
wires in the distributor cap of a spark ignition engine.
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Fig 3-7. Injection pump hydraulic head.

I, Fuel overflow valve (fig 3.8). About 75% of the fuel supplied to the injection pump hydraulic
head is not sent to the engine cylinders. Most of this excess fuel flows from an outlet on the by
draulic head to the fuel overflow valve and back to the fuel tank. The fuel overflow valve is screwed
directly into the hydraulic head and has a springloaded valve. The valve has a small opening that
allows a constant flow of fuel through the hydraulic heed so that any Mr caught in the passages can
eriCapc!, The opening also serves as a continuous bleed of fuel to cool the injection pump. When
the pressure of the fuel supplied to the hydraulic hoed exceeds the spring pressure holding the
overow valve on its seat, the valve opens, allowing more fuel to be bypassed to the fuel tank.
In this Way it controls minimum pressure at low rpm and maintains a constant fuel pressure to the
hydraulic head.

VALVE
3P11/110

VA Noe

eile COVER

FIE 38. Fuel overflow valve.

J. jcctor nozzles gig 34). Fuel must be injected into no combustion chamber in a spray
form. This is accomplished by the injector nozzle. The injector nozzle consists of a nozzle body
that has a fuel inlet connection and an internal Nei passage. A valve is fitted through the center
of the nozzle body. A cap containing the valve seat le threaded on the combustion chamber end of
the 110V.Zte body. A spring at the outer end of the nozzle holds the valve tight against its seat in the
cap. Thu fuel delivered by the high - pressure line enters the injector nozzle fuel inlet, flows through
an internal passage, and fills the vett above the valve seat. There the fuel presses on the valve
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to lift it off the valve scat. At the moment fuel pressure overcomes the spring pressure lifting the
valve, fuel in forced through the seat and sprayed in the combustion chamber directly into the
spherical combustion pocket of the piston head. Injection continues until the injection pump output
pressure drops: then the spring tension quickly closes the valve.

114.11,00'

Fig 30. injector valve.

A alight amount of the fuel leaks between the fitted surfaces of the valve and the nozzle body
to fill the area around the valve spring at the top of the injector nozzle. The leaking fuel lubri
cater and cools the injector nozzle. A fuel leak-off line is connected to the top of each injector
nozzle to return the fuel to the fuel tank.

The amount of fuel pressure required to open the valve is celled the injector nozzle cracking
pressure. The spring tension holding the valve closed can be adjusted by either a screw adjustment
or by adding or removing shims on top of the spring. Changing the spring tension changes the
cracking pressure. Proper cracking pressure is a must in order to get a good spray pattern to
produce the correct atomization of the fuel. Proper cracking pressure varies, depending on engine
models, but is generally around 2,800 to 3, 200 eel. New nozzles should have an opening pres-
sure of 3050-3150 psi and used nozzles a minimum opening pressure of 2800 psi to be considered
serviceable. Used nozzles with lees than 2800 psi must be adjusted to obtain 3050 -3150 psi. A
pressure range of not over 300 psi for the complete set of nozzles must be maintained for optimum
performance.

3.3. INJECTOR PUMP

Notes Study foldout illustration No 2 in the back of this chapter. As you study, refer to this
illustration for the location end identification of the injection pump coraliGnenta.

a. Main sections of the pumps To make the operation of the pump easier to understand, we
have divided the pump into three sections as shown in foldout illustration No 3.

(1) Forward notion. The forward section of the pump houses the advance unit. This unit
does the same thing as the centriNgal advance unit an a sperkignition engine distributor
does. As the engine is speeded up, the advance unit causes the fuel to be injected earlier
in the cycle so that maximum power output can be obtained at any engine speed. The fuel
injector pump is connected to the engine at the advance unit end. A near fastened to the
injector pump drive meshes with the engine camshaft gear. The crankshaft gear drives
the engine camshaft gear, which in turn drives the injector pump gear. The crankshaft
gear and the injector pump gear are the same size so the injector pump is driven at engine
ertinkahaft speed ratio) (fig 3.10).
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Fig 3.10. injector pomp driven gear.

(2) Center section. The center section of the pump is made up of two parts: the lower part
and the upper part. The lower pari houses the operating mums and the distributor drive
gear which furnish the power to drive the pump. The In der part is the hydraulic head
which delivers fuel under pressure to the injectors at the proper time.

(3) ,Rear section. The rear section of the pump houses the governor assembly which help. the
operator maintain any speed from idle to wide open throttle. Mounted on top of the governor
is the fuel density compensator which corrects the problem of engine speed varying with
different fuels.

b. Function of the injector pump. The injector pumphas three main !Unctions. First, it must
meter or measure the amount of fUel delivered to the injector nozzles In all of the engine cylinders.
A small amount of fuel is needed for engine idle, but a larger amount is needed for high engine speed.
Second, it must pressurize the fuel delivered to the injector nozzles. The pump must be capable
of producing pressure greater than the injector nozzle cracking pressure. Third, it must distribute
or mend the fuel to the right cylinder at the right time, At idle speed the fuel is sent to each cylinder
ae it ware the end of Its compression stroke. These three main functions are performed by the
hydraulic head, fuel plunger, and fuel plunger sleeve. To understand how all of this is done.
irt,s take a look at one part at a time.

(1) Hydraulic head ifig 3.11). The hydraulic head has only one fuel plunger which must
preesuriie the hel for all six cylinders. The plunger is moved up by one lobe of the
threelobe cam mounted on a camshaft. Spring pressure pushes the plunger down. One
turn of the camshaft causes the plunger to move up and down three times. Each time the
plunger moves up, it prescurizes fuel trapped above it, This fuel is then injected into the
combustion chamber of on of the cylinders by en injector nozzle. The injector pump
camshaft rotate, two turns to pressurize the fuel six times, once for each of the engine°
six cylinders. The pump must distribute or direct the pressurized fuel to the right cylinder.

3.7
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As we pointed out earlier, the fuel outlets of the hydraulic head are a little like the
distributor cap on the spark ignition engine. Instead of wires to carry electricity, the
hydraulic head has linee to carry fuel to the cylinders,

1=1.11=1.1=1.M.
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Fig 341, Hydraulic head,

(3) Fuel plunger (fig 3.12). Fuel is distributed to the fuel outlets by turning the fuel plunger
in the center of the hydraulic head. Fuel is directed into a fuel line when the tbel distri-
buting slot, which is machined in the plunger, alines with the outlet to the line. When the
plunger rotate, one complete turn, its dietrilwiting slot will have alined with all six outlets
to the lines. The plunger is rotated by the plunger drive gear. The plunger can move up
and down builds the gear, The plunger drive gear is driven by a gear on the quill shaft.
The camshaft drives the quill shaft at the same speed as the camshaft. The quill shaft
gear drives the plunger gear and the plunger at a all reduction or half as fast. The quill
shaft Is shown in foldout illustration No 3.
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Fig 3-12, Fuel plunger operation.
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(3) Fuel plunger eleeve (alg 3.13). Another function of the injeotor pump le to meter the
amount °easel delivered. The fuel plunger is known as a constant stroke plunger becauee
it always moves up and down the same dietance. Therefore, it would appear that the pump
would alwaye deliver the same amount of fuel. However, by adding a plunger sleeve we
will see that the amount of fuel delivered can be varied. It can be moved up and down as
cleared by the operator.

A fuel spill Peonage drilled in the side of the plunger connects with a vertical paeeage
loading to the plunger head, When the plunger is dawn, the fuel epill passage is covered
by the plunger eleeve. Ae the plunger is lifted by one of the clam lobes, the spill paeeage
ie lifted above the upper edge of the plunger sleeve. Fuel is Pressurised above the rising
Plunger while the spill passage is covered, When the spilt passage is no longer covered
by the sleeve, fuel above the plunger flows down the vertical passage and escapes through
the spill passage, When the accelerator pedal is pushed down, the plunger sleeve moves
up. The plunger must now rise higher before the spill passage is uncovered, so more
fuel is delivered before the spill passage is uncovered, When the accelerator pedal is
released, the sleeve moves back flown and less feel is delivered,
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Fig 3.13, Fuel plunger.

c, Phaees of fuel delivery. Let's review the pressurising, distributing, and metering by
going through these functions for ONE cylinder. To make it easier to understand, we will break
down the delivery to one cylinder into four steps or phases, The phases will be No 1 fuel intake,
No 2 beginning of delivery, No 3 fuel delivery, and No 4 end of delivery,

(1) Fuel intake (fig 3.14). During the first or fuel intake phase, the plunger is down. Fuel
supply pump pressure fills the fuel passages in the hydraulic head up to the fuel delivery
valve. Exams fuel and any air leave through the overflow valve and return back to the fuel
tank.

3.0
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Fig 3.14. Fuel intake phase.

(2) Beginnbw of delivery (fig 3.15). The second or beginning of delivery phase starts when
the cams "`lobe Nits the plunger enough to close off the fuel inlet and outlet ports. The
plunger pressurizes the fuel in the pressure chamber, the fuel spill passage, and the
passage leading to the fuel delivery valve. The fuel pressure must reach about 250 psi
before the delivery valve opens.

DEUVIRY VALVE AMINE PRESSURE

111111.111111111111111M

I

Fig 3.15, Beginning of delivery phase.

(3) ,Delivery (ftg 3.10. At the third or delivery phase the fuel is pressurized enough to fully
open the delivery valve. High pressure fuel then flows around a groove out in the fuel
plunger. This groove Is called the fuel plunger annulus. From the plunger annulus the
fuel flows up the distributing slot which to now alined with the cylinder outlet passage.
From the outlet passage, fuel travels through the highpressure line to Co injector nozzle
and is injected into the cylinder.

3.10
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Fig 3.16. Delivery phase.

(4) End of delivery Ulg 347). At the fourth or end of delivery phase the plunger has moved
up to the point where the spill passage just clears the top of the plunger sleeve. The
high pressure fuel then escapes down the vertical fuel passage in the plunger and out the
spill passage. This reduces the high pressure, allowing the spring pressure to close the
fuel delivery valve. Some fuel pressure, called residual line pressure, is trapped in the
line to the injector notate. This assures a positive and accurate delivery for the next
injection. Remember, we have discussed the fuel delivery to only one cylinder. Fuel
for each (..,* the other five cylinders will go through the same four phases explained above.

As stated before, less fuel is required for lower engine speed. For less fuel, the
plunger sleeve in the injection pump is lowered by the operator by letting up on the accelerator.
This means that the fuel spill passage will be uncovered sooner and the EFFECTIVE pump
stroke will be shortened. The term ''effective puMp stroke" means the distance the plunger
moves up while the spill passage is covered. For higher engine speed the operator pushes
down on the accelerator to raise the plunger sleeve for a long effective pump stroke. Thus,
the fuel is metered and controlled by the operator.



Fig 3.17. End of delivery phase.

3.4. MANUAL CONTROL OF THE INJECTOR PUMP

To stop the engine, the operator pulls a manual control located on the vehicle instrument
panel. This control is conneoted to the fuel shutoff rod on the injector pump. Pulling the control
operates the fuel shutoff rod, which in turn moves the plunger sleeve all the way down. In this
position the spill passage is never oovered by the sleeve. No high pressure is built up in the
hydraulic head, and the engine will stop because no fuel is being delivered do tt r cylinders.

3.5. GOVERNOR CONTROL OF THE INJECTOR PUMP

The accelerator pedal linkage is oonnected to the operating lever at the rear of the injector
pump.' The accelerator pedal does not completely control engine speed. The speed is also con-
trolled by the variable speed governor. Unlike the governor used on gasoline engines that con-
trols maximum speed only, this governor helps the vehicle operator maintain say speed from idle
to wide-open throttle by reducing the amount of Ind delivered to the engine. Notice in foldout
illustration No 2 that the governor is a rnechanical centrifugal type and is driven from the rear of
the injector pump camshaft.

a. Governor c eration. The operation of the governor is based on the balance between the force
exert. y sp g we and the tension of a spring. When the engine speed increases, the
weights fly outward, pulling the linkage to change the position of the injector pump plunger sleeve.
Pressing on the accelerator pedal increases the spring pressure holding the weights in. The linkage
I. connected to the injector pump in each manner that the spring pressure tends to move the
plunger sleeve to the fell fuel position. The force exerted by spismbg the weights tries to reduce the
amount of fuel delivered.

b. Variable speed/evertor (fig 3-184 Consider the simple variable spited governor shown in
this figure. The weights turn at engine speed. One end of a sliding sleeve rests against the weights.
Linkage to the injector pump fuel control is located at the opposite end of the sleeve so that a
sliding movement of dm sleeve will change the amount of fuel delivered. The operating spring is
positioned so that it tends to push the sliding sleeve to the left, moving the flyweights in. Moving
the operating lever, which is connected to the accelerator pedal, will vary the spring pressure. The
travel of the operating lever is limited by the idle y and maximum speed screws. When the
operating lever is resting against the idle screw, there is only a small amount of spring pressure
pushing the sliding sleeve to the left. Thereto**, the weights fly outward, moving the sliding
sleeve to the right at very low engine speed. Moving the sleeve to the right positions the injector
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pump linkage so a small amount of fuel is pumped to the cylinders. To speed up the engine, the
operator pushes down an the accelerator pedal, This makes the spring pressure stronger and the
spring moves the sliding sleeve to the left, forcing the weights In. Fuel delivery to the engine is
increased and the engine speed increase,* To slow down, the operator-lets the pedal ease back.
The governor weights overcome the reduced spring pressure and push the sliding sleeve to the right
sad less fuel is delivered, Lora see how the governor works to maintain a constant speed. Mime
that the operator is bolding the vehicle at 35 mph on the highway. As the vehicle starts up a hill,
the engine will slow down if the operator does not push on the accelerator. As the engine slows down,
the outward force on the weights decreases. The operating spring pushes the sliding sleeve to the
left, and more fuel is delivered to the cylinders in an effort to maintain engine speed. As the
vehicle starts down the hill, the engine starts to speed up without pushing down on the accelerator.
The weights spin taster, so their outward force is increased. The operating spring is compressed
and the sliding sleeve m01/08 to the right, reducing the amount of feel going to the cylinders in an
effort to slaw the engine down. As you can see, the operator will not have to move the accelerator
when going up or doom minor grades. Of coarse, if the hill is steep he will have to move the
accelerator or he may have to shift gears, Maxbnum engine speed is also controlled by the variable
speed governor. An adjustable maximum speed stop screw was used to limit the ma3dmum travel
of the accelerator linkage on the earlier model governors for mull fuel engines. But it was found
that using different types of fuel caused differences in the engine's maximum speed. For example,
if the adjustable stop is adjusted to limit the engine to 2,300 rpm when using DF-2 diesel oil, shoat
2,600 rpm are obtained when the engine is operated on gasoline. If the stop is readjusted to obtain
2,800 rpm on gasoline, the engine will overspeed when using diesel fuel. To correct the problem
of the engine speed varying with different fuels, the fuel density Compensator was added to later
model injection pumps for multifuel engines that are used in the 3 1/34on truck 1t36A2 series sad
3-tan truck 1154A2 merles.

Fig 3 -18. Variable speed governor.

3-6, FUEL DENSITY COMPENSATOR

a. Air de Mg 3-19). The fuel density compensator automatically adjusts the high-speed stop
for the type uel that is being used. It is mounted on top of the governor. The compensator has
a wedge - shaped stop plate that replaces the maximum speed adjustable stop screw. A servopiston
fitted in a cylinder senses the differences in the fuel and then moves the wedge stop plate up or
down, regulating the maximum travel of the accelerator linkage.
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Fig 3.1$. Fuel density compensator.

b. Operation (fig 3.20). To understand how the fuel density compensator works, recall that on
the power strokes of the engine cylinder the pistons are pushed down by heat energy. The more
hest produced in the cylinders, the harder the pistons are pushed and the teeter the engine runs.
The injector pump controls oughte speed by regulating the volume of fuel injected into the cylinders.
The amount of heat that is produced by different fuels depends on their weight instead of their
volume. The heavier the fuel is, the more heat it produces. For example, one gallon of diesel
fuel is heavier then one gallon of gasoline. Therefore, one gallon of diesel fuel will produce more
heat energy than one gallon of gasoline. So a multifuel engine will rim faster on diesel than on the
same volume of gasoline. Here is how the fuel density compensator senses and makes adjustments
for the different heat values of the fuel. Fuel at supply pump pressure flowing from the final fuel
filter enters the density compensator at the tee fitting screwed into the rear of its housing. The
fuel first flows to the density compensator's pressure regulator valve. Here the fuel supply pressure
is reduced to a constant regulated pressure over the entire operating speed range. Fuel at a
regulated pressure enters the cylinder under the servopiston where it overcomes the spring tension
above the piston and raises the piston. Some of the fuel leaks between the piston and cylinder walls
to fill the area above the piston. The piston is fitted very closely in the cylinder so that the amount
of Leakage is sensitive to the thickness of the fuel. This clearance is called the first or density
sensitive orifice. Fuel passing to the top of the piston leaves the compensator through the second
orifice, which is en adjustable needle valve. Fuel leaving the compensator is returned to the fuel
tank. If the fuel passing through the second orifice is restricted enough, pressure will build up
above the piston to a point where the piston is moved back down. The orifices, piston clearance,
and the needle valve work at widely different restrictions to the flow of fuel. This causes the
balance of the pressures above and below the piston to be sensitive to the weight or density of the
fuel. To demonstrate this we will first use diesel fuel No 2, the heaviest and thickest fuel burned
In the multifuel aagine. Secondly, we will use regular gasoline, the lightest and thinnest fuel burned.
The fuel is delivered to the bottom of the servopiston at a regulated pressure of 20 to 21 psi. The
thick heavy diesel fuel leaks past the close fitting piston quite slowly. Fuel flowing out past the needle
valve is not affected as much by the thickness of the fuel, so very little pressure is built up on top
of the piston. The regulated pressure is much greater then the combined spring and fuel pressure
on top of the piston, so the piston moves up. The piston in turn moves the wedge stop plate up so
the accelerator linkage is stopped by the thickest part of the wedge. The linkage cannot travel far,
so less diesel fuel is pumped to the cylinders when the accelerator pedal is pushed down, With
regular gasoline, regulated pressure enters under the oervopiston the same as with diesel fuel.
But gasoline is lighter and thinner, so MORE gasoline leaks by the close fitting piston. The large
amount of gasoline flowing to the top of the piston is restricted as it tries to flow past the needle
valve. Now the combined spring and fuel pressure above the piston is greater than the regulated
pressure. The piston and the wedge stop plate are pushed down. The accelerator linkage is now
stopped by the thinnest part of the wedge so it cen move farther to pump more gasoline to the cylinders.
Thus, the fuel density compensator works to control the maximum amount of fuel pumped according
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Fig 340. Diagram of fuel density compensator.

3.4. AUTOMATIC ADVANCE UNIT

The automatic advance unit in the front section of the injector pump works on the same
Principles as the governor. Fir ',eights are driven at engine speed. As the flyweights swing out,
they force a sliding gear with internal splines to slide on helical splines at the camshaft drive hub.
As a result of this gear movement the camshaft is rotated slightly to advance the injector pump
timing. Advancing the timing at higher speeds increases engine power and fuel economy just as
advancing the ignition timing on a spark - ignition engine increases its power and economy. When
the engine is slowed down or stopped. the advance unit springs return the sliding gear to the retarded
position. Lubricating oil flows from the engine's lubricatton system to a tee fitting located in the
advance unit housing. From that area the oil flows through various passages to lubricate the
advance unit plunger and tappet assembly and governor. The oil drains back to the engine crank-
case through the front of the advance unit housing and a line attached to the bottom of the injector
pump housing.

3-8, AIR INDUCTION SYSTEMS

a. Pp se. The air induction systems on compression ignition engines are very much like
those found on spark-ignition engines. Any differences are probably due to the fact that on com-
pression- ignition engines maximum amounts of air enter the cylinders on their intake strokes all
the time. On spark - ignition engines, the amount of air. as Well as the fuel entering the cylinders,
is metered. Therefore, for all engine speeds except wide-open throttle. the compression-ignition
engine requires more air.

b. Function Some of the compressionignition engines you may have to maintain are referred
to as norms aspirated. This means that air is moved through the air inductf..1 system by at-
mospheric or normal air pressure and engine vacuum only.

3.0. SUPERCHAIIGER

a. Purpose, (fig 3.21, A and B). Other compression - Ignition engines that you may have to maintain
have supercharged air induction systems, These systems have a device that increases the pressure
of the air, forcing more of it into the cylinders on their intake strokes. Superchargers can be driven

exhrmat gases, belts, or gears (fig 3 -22). The ones that are used on most military vehicles
are exhaust gas driven and are called turbosuperchargers or turbochargers.
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Fig 3.21. Supercharger.

b. Function or the supercharger gig 3.23). This figure illustrates how a turbocharger works.
Exhaust gases. leaving the cylinders under pressure, are directed through a turbine. The turbine
is a wheel with $lades. The rapidly moving exhaust gases strike the blades and form the turbine
to turn. htunteu on the other end of the turbine shaft is an impeller. When the turbine rotates,
the impeller rotates also. The impeller bas fan-like blades that pull air from the air cleaner,
compress the air, and send it on to the cylinders. Because the air entering the cylinders on their
intake strokes is under pressure, more air is forced into the cylinders. This souses the compression
and combustion pressures in the cylinders to be higher. Of course, this means that the power
output of the engine will also be higher. To give you some idea of how much the turbocharger
increases engine power, let's consider two versions of the same basic engine. The ILD-405 multi-
fuel engine is used in the 3135A2 series 2 1/340) trucks. This engine is normally aspirated. It
can develop approximately 145 horsepower. The LDS465 engine used in the 1154A2 series 544on
trucks is turbocharged. It can develop approximately 205 horsepower. These two engines are
basically the same, but thanks to the turbocharger the LDS405 develops nearly SO more horsepower.
Given proper care, the fuel and air Induction systems will have very few breakdowns. From the
repairman. standpoint, proper care means =Idag sure that the fuel and air delivered to the
engine are as ohms as poseible. Servicing filters is an absolute must. Otherwise; the expensive
injector pumps and nozzles will be ruined and the eagles itself will probably be damaged. boo
can also expect engine damage IS the injector pump is incorrectly timed to the engine, If the pump
timing is advanced too far, injection will take place earlier on the compression stroke. The
resulting combustion pressure will try to drive the piston down before it reaches the end of the
compression stroke. If the timing is late, the fuel-air mixture may still be burning when the exhaust
valves open. The exhaust valves, too, would burn due to the heat of the passing burning gases.
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Fig 3.622. Turbosupercharger action.
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AUTOMOTIVE FUEL AND EXHAUST SYSTEMS

Lesson 3

Fundamentals of Compression-Ignition FiAel Systems

STUDY ASSIGNMENT: MCI 35.25a, Automotive Fuel and Mightiest Systems, chap 3.

LESSON 011JECTIVE: Upott successful completion of this lesson, you will be able to identify the
baste fundamentals of the eompressionignition fuel system.

WRITTEN ASSIGNMENT:

A. Multiple Choice: Select the ONF answer which BEST completes the statement or answers the
mitstltit. After the ell rreoponding nu Aber on the answer sheet, blacken the appropriate box.

Value: I point each

1. Whet is the purpose of the fuel system?

a. To distribute clean, atomized air to the cylinders at exactly the right time
b. To remove hunted gas from the cylinders

To distribute clean, atomized fuel to the cylinders at exactly the right time
To store fuel at the proper temperature

2 How is fuel introduced into the compression-ignition engine cylinders?

. Yv the injectors e . By the intake manifold
b. By we carburetor d. By the intake valves

3. What (Wen atomized mean when deseribing ettinpression-ignition engines?

a. Water in a vapor form c. Feel in the :orm of a fine spray
b. Water in very small droplets d. Fuel that has been filtered

. The injector !Jump design on a combustion-ignition engine determines the different
classifications of the

a. Cu l system. c. engine cooling ability.
b, air intake system. d. fu41 intake system.

5. *lust are the three main sections of the injector pump?

a. Relay, retard, and metering sections
Forward, center, and rear sections

t.. Intake, metering, and exhaust sections
(1, Primary, intermediate, and final flow sections

11. The ftve main parts of the fuel injector pump are the advance unit, upper part, lower part,
governor assembly, and the

a. hydraulic head. c operating head.
b. cant( part. d. fuel density compensator,

WI 3; p.



7, The Ametioning of the injector pump reties on the

a. hydraulic head, hiel plunger, and fuel plunger sleeve.
b. advance meter, intake and exhaoist valves,
e, tiel denatty compel :dor, the main motoring jet, and the injectors.
d. size of the injectors.

8. Fuel intake beginning of delivery, delivery, and end of delivery are phases of a

a, fuel system operation on the combustionignition engine.
b. Awl system operation on the sparkignition engine,
c, carburetor operation on the combustion-ignition engine,
d. carburetor operation on the sparkignition engine.

0, To stop a multifuel engine, you shut off the fuel supply to the injectors by

a, pulling a manual control on the instrument panel that shuts off fuel to the injectore,
b, turning off the igrition switch.
a. depreasing the accelerator to the floor which chokes out the engine,
d, pulling out the choke cable and flooding the engine out.

10, Which section of the injector pump controls engine speed by reducing the amount of Aid
delivered to the engine?

a, Metering
b, Advance

c. Governor
d. Regulator valve

11, What is the function of the fuel density compensator?

a,
b,
c,
d,

Corrects the engine speed varying with different Awls
Filters fuel prior to entering the injector pump
Supplies fuel to the injector pump
Atomizes fuel before untering the intake manifold

12, inereasing engine power and fuel economy at higher engine speeds is the function of the

u. fuel density compensator,
b, fuel injectors.
t. automatic advance unit in the injector pump.
41. hydratille head ai.d foci plunger in the compensator valve.

12, On which of the engines listed below will maximum amounts of air enter the cylinders?

a. Spark-ignition engine c, Air cooled engine.
ii. Comisistionignition engine (1. Fuel induction engine

t4. Tile NO system on the spttek-ignition engine a11OW/4 air to enter the
eylimiers,

at. Illit 111111l1,1

I). 1113X1 MAIM

c. metered
ti. supercharged

15 What cr'u'et does a supercharger have on the cylinders?

a. It causes lower compression and higher combustion pressures.
b. It I:ausers lower compressioe and combustion pressures,
e. It Pauses higher compression and combustion pressures,
ti. 11 causes higher co-11181481ot' and lower mtitibustion pressures.

15.25
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is. What 18 the punome of a supercharger on a multifuel engine?

a. To advance the timing at high engine speeds
b. To retard tiw air pressure at high engine speeds
4. 4 To (oe InStt air through that Mr induction system
41. To reduce the air flow to the' cylinders

Total 1101iit8: 16
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Chapter 4

MAINTENANCE OF (7014PHESSM-IGNITION ENGINE FUEL SYSTEMS

4-1, INTRODUCTION

While It is true that most of the major maintenance on compression ignition fuel systems
will he dear by fuel and electrical systems repairmen, there still are many things that are done
by an organizational repairman. For instance, you, as a wheeled vehicle mechanic working at the
organizational level, may be called upon to do any of the followings Inspect, test, service, clean,
tighten, make some adjustments, or even replace some components of the fuel and air induction
mritrimi, It can be said that your work will be detecting and repairing troubles while they are
small and before they have a chance to cause more serious problems. This is probably the most
important part of all maintenance,

4-2, INSPECTION OF COMPONENTS

Due to the large number of vehicles with multifuel engines that the Marine Corps has, you
will probably do more work on multifuel fuel systems than on diesel fuel systems. Therefore,
we will spend the major part of this lesson on the maintenance of air-fuel systems of the 2 1/2..
ton trucks M35A1 and M35A2 which are powered by a multifuel engine. To begin with, let's dia.,
Cuss how you should go about the job of Inspecting the air -fuel systems of these trucks,

a. Fuel tank gig 44), Start by Inspecting the fuel tank for holes, rusty spots, and proper
mountiiiit7TW tank has a rusty spot or it some other part Is rubbing against it, a leak will soon
develop. The common causes of leaks in the fuel tank are holes and rusty spots. Inspect the
filler cap to make sure it seals the filler neck and that it Is still secured by its retaining chain.
Check the condition of the filler neck and the fuel strainer. Make a visual check of the fuel gage
sending unit and fuel pump electrical connections. Check for any damaged or leaking fittings and
connections.

rN. 11 i
Flg 44, Fuel tank.

b. Fuel lines, Trace the fuel feed, fuel return, and vent lines along the frame. Check them
for being rircen, leaking, bent, crimped, r damaged in any way. Matra sure the lines are clipped
securely to the frame so that they won't break from vibrating or wear stoles by rubbing against
nearby parts,

a. Frinatylllter (flg 4-2), As you trace the fuel line you will first come to the primary fuel
filter which is mounted to a frame bracket under the engine generator. This is the first fitter in

4-.1
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the fuel system. Check the filter closely for seoure mounting, leaks, end damage. Open the
drain valve on the bottom of the filter and watch for any dirt or water. Always °etch drained fuel in
a container and properly dispose of it so that you wiil not cause a fire hazard. Although the primary
filter ant its filter element are not normally replaoed unless defeotive, an exoessive amount of
dirt or Hater in the primary filter will require that the filter be taken apart and °leaned with a
dry cleaning solvent.

RI IAINIKIf. .
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Fig 42. Primal", filter.

d. Secondnry and finartilters (fig 413). The secondary and final fuel filters are mounted on
the left rear of the engine.. Remember that the seoondary filter is often referred to as the engine
primary filter. If any dirt or water is found in the primary filter, drain the secondary filter. If
any is found in the secondary filter, drain the final filter. When a large amount of dirt or wafer
is found in the filters, espeolaily the final filters clean the primary filter and rapist's the secondary
and final fuel filter elements. The procedures for doing this are covered later.

MIN....,-.-

at

Fig 4..3, Secondary and final filters.

e. Fuel injection pump (fig 4.4). Inspect the fuel bijeotion pump, operating linkage, and
connecting lines for proper mounting, external damage, and leaks. Sines engine itibrioating oil
is used in the 'Nectar pump, you will have to be on the lookout for oil leaks as well as fuel leaks
while you inspect the injector pump. Also inspect the condition of the pi leotive dust caps at the
highpressure outlets of the in,jeotion pump hydraulic' head,
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Fig 4.4. Fuel injection system.

f. High pressure lbws, inspect the highpressure line., fuel injector nozzles, and fuel return
lines for damage, leaks, and proper mounting (fig 4-5). Use a wrench to check the fuel injector
nozzle mounting bolts for looseness. Any bolts that are loose should be tightened with a torque
wrench. Use extreme caution when checking for leaks or working near high-pressure fuel lines.
The fuel is under enough pressure to puncture your skin and could cause blood poisoning. Keep
your hands away from suspected leaks while the engine is running.
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Fig 4.5. High pressure lines.

g. Air induction system lig 4.6). Move to the opposite side of the engine compartment end
inspect ti7,71iTaa-uction system. The key arena to check are the air intake or rain hood for excess
dirt and the air intake flexible tube for its condition. Make sure that no air leaks exist in the
flexible tulle. Check the air cleaner mounting bolts for tightness. Release the air cleaner body
to-base mounting clamps and remove the body from the base. Check the condition of the rubber
seal and the mounting clamps to make sure that the base seals airtight against the cleaner body.
Check the filter element for excess dirt, evidence of water, hardening of the filter materiel, and for
any external damage.
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Fig 4.6. Removing air cleaner.

4-3. THOU ilLES1100TING

a.
some

(fig 4.7). Even the best maintained mechanical equipment will break down or
give some kind of trouble. The multifUel engine fuel and air induction systems are no exception.
Various troubles can develop in these two systems that can make the engine operate improperly
.r even stop it from operating or running at all. When the engine or any system is not operating
properly, we say it has a malfunction. This means that it is not functioning or working correctly.
As a repairman you must look for the cause of the malfunction and correct the trouble if you can.
This procedure is called troubleshooting. There are various methods oil :roubleshooting, some
better than others. Sometimes the cause of a malfunction can be hard to find. but by using a good
troubleshooting method, or system, the trouble can generally be found quite quickly. Let's see
what is included In w good troubleshooting system.

HOW TO TROUBLESHOOT

1. Ask questions.
2. Make ideal inspections.
3. Make en operational inspection.
4. Sum up thi symptoms,
5. Locate the cause of the trouble.
6. Correct the trouble.

Fig 4.7. How to troubleshoot.

b. Procedure. The alit step in troubles looting is to find out as much informat;on as possible
about thiprapment at the time it stopped working correctly. A good way to do this is to ask the
last operator or driver of the vehicle to explain how the vehicle was acting. He may be able to
tell you certain things that will help you find the trouble. We call these things symptoms. Examples
of the symptoms you may learn from the driver aret 0) the engine lost power on steep hills but
ran ok on level ground. (2) he smelled fuel every time the vehicle traveled down a hill, or
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(3) the engine misfired every time it accelerated or speeded up, The second step is to maim an
bistmetion of the equipment that is not working correctly. (This step may be your first step it .o.a
cannot find the previous operator to question him.) Make sure that you look over the entire fuel
and air intake systems for anything that might seem to be wrong. Look for broken ports, loose
or worn ports, and leaks. Also look for anything that indicates that part which mey be in trouble
or may be causing trouble. This is another method of learning symptoms that may help you locate
the trouble (fig 4.8).

Fig 4-8. Make a thorough inspection.

If the engine will operate (run), start it and look for leaks around the fuel lines and
connections. This is known ee an operational or functional inspection. Remember that you have
several senses that can help you locate the trouble. For example, you might FEEL, SMELL. or
SEE fuel leaking. You might HEAR the air whistling as it leaks into a hole in the air cleaner Lose
or past a loose hose (fig 44).

Fig 44. Operational or functional inspection.

Once you have learned all that you can, look over the symptoms. See if they point to any
part that may be defective or rosy be the cause of the trouble. Let's say that the truck hoe lost
power. One of the symptoms lammed from the driver r st%I..: have been that it was using more
Mel than normal. These two symptoms point out that tto angine is either getting too much fuel or
not enough air. One of the more probable causes in this case would be a partially plugged air
cleaner. The case of the plugged air cleaner element above tells us sont,thing else. Don't be
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too hasty in replacing parts until all symptoms have been considered. Symptoms that showed up
in engine power, fuel consumption, and the exhaust system (smoky exhaust) were caused by a
faulty air intake component. A poor troubleshooter may have tried to stop the engine from using
too much fuel by repairing or replacing parts in the fuel system. The main thing is to try to find
out what is actually causing the trouble. This is called diagnosing the symptoms and isolating
the trouble. Your organization also has some test equipment you can use to help locate the cause
of trouble. Later in this lesson you will learn how some of this equipment le tiered. One of the
troubles that you might find is that the engine stops because no fuel is being Injected into the
cylinders, This could be caused by many different conditions. Let's see how you should proceed
to locate this trouble. Remember, don't start removing parts. Make e good visual inspection
of the fuel system first to include insuring that there Is fuel in the fuel tank. Make sure the fuel
lines are not cracked or broken (fig 440).

Fig 4 -10. Conducting a visual inspection of the fuel system.

Examine the linkage to the fuel injector pump. The accelerator linkage could be disconnected
and, with the idle speed adjustment set wrong, the cylindere would be out of fuel. Another linkage
item that could cause this trouble is the fuel shutoff control, Make sure it is properly edjusted.
Adjustment is covered later in this leeson. Check to see if the shutoff control cable housing has
slipped reerward out of the clip on. the fuel injector pump as shown in the accompanying figure.
This condition can cause the trouble as it has the same effect es pull* out the control in the
cab (fig 4-11).

Fig 41. Fuel shutoff control cable.
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U you cannot see anything wrong, check to see if the fuel lines are open from the tank to the
fuel injector pomp (fig 442). This can be done by first disconnecting the fuel line at tha inlet
side of the injector pump hydraulic head, Then turn on the accessory switch and see if fuel is
pumped from the tank through the line. Make sure you catch the fuel in a suitable container. In
the above inspection you are only finding out If the lines are not plugged and the in-tank pump is
operating. U the fuel does not flow out of the disconnected line, the trouble has to be back toward
the tank. U the fuel does fw, the trouble must be in the fuel injector pump highpressure lines
or injector nozzles.
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Fig 442, Fuel injector pump and lines,

U no fuel flowed in the above inspection, there could be many things wrong. The lines and
filters could be plugged or the in-tank pump might not be operating. U you listen closely to the
tank, you can hear the in-tank pump humming when it is operating, U the ktank pump is operating,
you can check its pressure as indk aced later in this lesson. U the in-tank pump does not operate,
check out the electrical circuit to the pump as covered later in this lesson. U the in -tank pump
is operating as it should but no fuel reaches the injector pump, the trouble can easily be located.
With the in-tank pump running, loosen the fittings on the fuel lines or open the bleed valves one
at a time to see if fuel will flow out. Mart at the final stage or engine secondary filter and work
toward the tank. Let's say the fuel leaked when you loosened the fitting on the tank side of the
vehicle primary filter. However, ne fuel leaked from the fitting on the engine aide of the filter.
This indicated the trouble is in the filter. It's probably stopped up and needs cleaning.

U fuel reaches the injector pump end the linkage is all right, the problem must be in the
injector pump or the injector nozzles and lines. You are authorized to replace the high - pressure
lines; however, it is unlikely that they are all plugged. The next step would be to notify your eupport
unit of the condition. Another problem you may find in the fuel and air intake system is an im-
proper fuel»air mixture. We learned earlier in the lesson that a clogged air cleaner can cause
a mucky exhaust and low engine power. It can also cause the truck tat use too much fuel in the
combustion chamber. The mixture is too rich or, in this case, does not have enough air. Let's
see what else can cause en improper mixture of air end fuel. On the early 2 I /2.4on multUuel
engines, a turbosupercharger helped supply air to the engine cylinders. U the turbocharger is
defective, the fuel -air mixture becomes too rich especially et higher engine speeds. A defective
filt+108Upertharger will generally have the same symptoms as a clogged air cleaner. '11118 includes
a smoky exhaust, low power, end excessive fuel consumption. You should first check we air
cleaner where this condition exists U the air cleaner element is not clogged, check the manifold
heater gaskets for leakage. The gaskets could be blown or the manifold heater elbow could be
loose. Any leak in this area will decrease the turbosupercharger output. This will cause the
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fuel-air mixture to be too rieh, If the manifold heater gaskets are not leaking and the air cleaner
is not clogged, you should notify your support maintenanoe unit, You are not authorized to test,
remove, or replace the turbosupercharger, High fuel consumption le a problem tint should be
looked into as soon as possible. This problem may not seem too Important; however, the driver
and other personnel aboard may be riding a very unsafe vehicle, Let's see how this is possible.
When a vehicle Is using too much fuel. the first thing to look for Is leaks. If the driver Indicates
that the engine is developing full power but uses too much fuel. It's a good possibility that this Is
what is wrong. Much of the fuel system is on the right side of the vehicle, The hot s3chaust system
is there also, so you can see the danger, While you are looking for leaks, make sure all fuel
Use fittings are tight. If you find no leaks during the initial inspection, tun% on the intenk
pump and recheck for leaks. Start the engine and check for leaks.

Cheok the air intake system for blockage, such as a clogged air cleaner. Remember, a
restricted air intake system generally causes black exhaust end low power. The engine will also
use too much fuel if the inject-dr pump Is out of time or is not in proper adjustment. Generally
when the engine is out of adjustment, it will also be low on power. If this seems to be the trouble.
notify your support maintenance unit. You should also check the turbocharger for free rotation by
removing the sir inlet hose and rotating the compressor by hand. If it doesn't turn freely it is
defective. Notify your support maintenance unit. The manifold flame hester aids in starting the
multifuel engine when it Is cold. Should you have trouble starting the engine even with the use of
the manifold heater. It is possible the heater is not working properly. You can troubleshoot the
heater in the following manner.

Inspect the entire intake manifold flame heater assembly. Make sure it is all there and is
connected properly. V the fuel fines, wiring, and ignition unit look all right, find out which system
Is at fault. It could be the fuel system or the ignition system. First, make sure there are no
leaks when the intake manifold flameheater switch is closed. Next, disconnect the hightension
lead at the spark plug. Hold the wire about 1/4 inch from the metal Part of the spark plug and have
someone turn on the intake manifold heater .witch. If electrical sparks continue to jump the gap
between the wire and the plug metal, the electrical system is all right. V no spark jumps, check
out the electrical circuit as outlined later in this lesson. If the electrical system is aU right,
check out the fuel system up to the fuel pump. Make sure the lines are not clogged. If the trouble
Iles in the fuel pump or nozzle, notify your support maintenance unit. You should now be able to
see what makes a good troubleshooting system. Re sure that you make an inspection before you
remove any parts. Question the last operator, if possible, to obtain all the symptoms he may be
able to give you. You may have to make a check to find the trouble, such as starting the engine
to find a fuel leak. Always make a functional *heck once you have corrected the trouble. This will
insure that the vehicle is in operating condition.

4..4. TESTING FUEL PUMP

Testing some of the fuel system components will also be one of your jobs. Here are a few
tests you will have to make and the procedures for making them. The intenk fuel pump on the
M35A2 2 1 /2ton truck is an electric* pump. This means trouble could show up in either the
electrical system or the pump itself. Here are the tests you coon make on the pump and how you
should make them.

a. Pump pressure test, Remove the bleeder valve from the top of the final fuel filter. Install
the nipple or elbow, whichever is most convenient. Attach the hose assembly, connector. and gage
as shown in figure 4-13.
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Pig 4-13. Fuel pressure gage installed on engine (dual filters).

With the dual type filters used on Models LD-455-1. LD- 485 -1C. Lin-4554C. and
LDS-4654A connect the gage to the bleeder valve located over the final filter, if present. This
location will give a pressure reading after the final fuel filter. Some dual type fuel filters will
have only a single bleeder valve located In the center of the filter head. Fuel pressure readings
taken at the bleeder valve It the center of the filter head will be before final filter. Fuel pres-
aur readings taken at the top of the final filter. Model LOS-486-2. will also be before final
filter. Puel pressure at the bleeder valve on the Model LDS-185-1 final filter will be after the

Turn the vehicle master switch (battery, to the "ON" position to check operation of the
electric fuel supply pump in fuel tank. A positive indication (2-5 psi approximately) on the fuel
pressure gage will indicate an operating vehicle intank fuel pump. If no pressure registers. the
intank pump and electrical connections should be inspected and the malfunction corrected.

The following fuel pressures. at engine speeds indicated, are required for normal engine
perfornumce. Pressures listed cover the range for all approved fuels. Lower fuel pressure
readings will be obtained. at low idle speeds, with gasoline than with diesel fuel. Pressure read-
ings for other approved fuels will be between the two readings. Pressure readings for high Idle
speeds are for all approved fuels.
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Models

(except late preduetion Model/
1.1fr -465- I( 3
(includes early production Model,
I.DT-465-1C)

Late production Model 1.1)T-465-1C

Models: 1.1)-465-1. t.D-465-1C,
1.1)T-465-10. 1.1 S-465-1.
and 1.1.e4.465-1A,

Model 1.118.465-2

rims
650-700 rpm

600.850 rpm

2850-2900 rpm

20 psi minimum
(gasoline)

30 psi minimum
(diesel fuel)

20 psi minimum
(gasoline)

30 psi minimum
(diesel fuel)

60-80 psi

3050-3100 rpm 60-60 psi

With the engine at normal operating temperature, fuel pressure readings should be
noted and compared with the above rendings. If fuel pressures are below required pressure. the
filters must be serviced. Start with the vehicle primer filter and continuing with eech filter, in
order, until required fuel pressure reading is obtained. When fuel pressure gags Is installed be.
fore final filter (note above) and pressure readings improve to the required range when second-
ary fuel filter Is serviced, the final filter should also be serviced.

Pressure readings above required range would indicate an obstruction beyond the point
where the pressure gage is installed,or a malfunctioning overflow valve (TM 9-2910-226-34).

Servicing the fuel filters should return the fuel pressure to acceptable limits; however,
If pressure remains low. check the fuel filter pressure relief valve located in the fuel filter heed
on dual type filters, Remove the pressure relief valve and spring located in the fuel filter head.
Inspect the valve and spring for evidence of sticking due to dirt or rust. Check the spring against
limits specified in repair standards. Inspect the valve and valve seat for damage or wear.
Clean tne valve and spring and install parts or replace with new parts as necessary.

Should fuel pressure still not be within normal limits. replace the fuel injection pump
overflow valve.

If still low. replace fuel injection pump transfer pump.

After completing the test, remove the fuel pressure gage. hose, and connections and
store in carrying case. Install the bleeder valve in the final filter.

b. Visual voltnge check. If the pressure does not read from 3 to 5 pal, don't be in too big a
rush to replace the fuel pump. The reason It isn't working as it should may be because the elec-
trical voltage at the pump isn't as high as It should be. or perhaps there is no voltage at all. Such
conditions can be caused by loose or dirty electrical connections. broken wires, discharged bat-
teries, or a bad accessory switch. Before making any other electrical tests, make sure that the
batteries are in good condition.

r, Voltage test using test equipment, To check to see if there is enough voltage at the pump,
$11s eimarct the wiring harness socket from the fuel pump at the top of the fuel tank. The wiring
11:11311'14t1 contains two wires: a ground wire. and the wire from the accessory switch. Now, using
a low voltage circuit tester or any suitable voltmeter. connect the voltmeter negative lead to the
vehicle frame. Then connect the positive voltmeter lead to the wire at the Wiring harness socket.
Turn on the accessory switch, The voltmeter should read at least 24 volts. The voltmeter will
not be discussed in this course. If the voltage is 24 volts or mare, any trouble will be in the pump
itself or ground wire. To check the ground wire, ,remove the negative voltmeter lead from the
vehicle frame and connect it to the proper wire at the wiring harness socket. With the accessory
switch on the positive voltmeter lead still connected to the wire, the voltuge should read at least
24. If it does not. the trouble is in the ground wire. if the voltage reading is OK, the pump is bad.
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If no voltage or low voltage is shown when the voltmeter is connected to the wire and the
vehicle frame as described in the paragraph above. the trouble is most likely in the accessory
switch or wire. To pin this down even more, remove wire from the accessory Switch and con-
ned the positive lead of the voltmeter to the accessory switch in place of the wire. Re sure the
negative voltmeter lead is connected to a good ground, and turn the accessory switch on. If the
voltmeter now shows 24 or more volts. the trouble is in the wire between the accessory Switch
and the fuel pump. If less than 24 volts in shown at the accessory Switch terminal, the trouble
is in the switch or the circuit between the switch and the battery (fig 440.

Check the 2-ampere fuse located under the electrical connector cover located on the fuel
tank. The cover is secured by three nuts. Visual inspection of the fuse will tali if the fuse is
defective. if it is defective, replace it and reconnect the harness. If the fuse blows again after
the pump has been retested. the in-tank is defective.

An electrical test can also be made if visual inspection determines the fuse is satisfactory
and the pump still doesn't operate. Use a multimeter check for continuity in the fuse. If a read-
ing is observed. the fuse is goods if no reading is obsereec:. the fuse is bed and must be replaced.

II

1

jiWill 1 11'4

Fig 4-14. Fuel purl, voltage test.



4-5. ADJUSTMENT OF 14114KAOF

a. Throttle linkajt adjustment for Models
I.D-465-1, 1.D-463-1C. 1.0T-465-1C. 1.01.465-1.
and I.DS-465.4A.

Cut the seal lockIrj wire and remove the
high speed adjusting screw cover (fig 4.10.

Hold a short strip of paper between the in-
jection pump stop lever and the high speed adjust»
ing screw (fig 4-161.

It I SPEED
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Fig 4-18. Fuel injection pump
with tamperproof
covers and sleeve
Installed.

Fig 4-18. Checking the throttle linkage adjustment.
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With the paper strip In position. have an assistant depress the vehicle accelerator pedal
until it is against the full throttle stop on the floor. and hold this position. The injection pump
stop lever must be In contact with the high speed adjusting screw. locking the paper strip in posi-
tion, it the paper strip can be removed (without tearing) the vehicle accelerator linkage must be
adjusted.

Adjust vehicle accelerator linkage,

Remove the throttle return spring (fig 4-16) and disconnect the accelerator rod linkage

liold the accelerator pedal against the full throttle stop.

lipid the injection pump atop lever against the high speed adjustment screw.

('heck the hole alinement between the accelerator linkage yoke and the operating lever.
The yoke hole should be misalined with the operating lever hole by approximately one-
halt (1/2) hole, toward the rear of the pump (fig 4-17). Adjust linkage as necessary to
meet this requirement. Connect accelerator linkage and install return spring (fig 4-16).

4111-.-

RETAINER PIN HOLE
40101.0 MALVIN" CENTER)

Fig 442. Checking governor operating lever and
accelerator rod alinement.

Adjust the idle or high speed screws (fig 4.16). it necessary. to rated idle or governed
he lead rpm.
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b. Throttle linkage adjustment (Model LDS-465-2).

Cut the seal locking wire and remove the high speed adjusting screw cover (fig 4-15).

Check throttle linkage adjustment following instructions listed above. if the paper strip
can be removed (without tearing) the vehicle accelerator linkage must be adjusted.

Disconnect the throttle control rod at the fuel injection pump operating lever.

Check the position of the fuel injection pump operating lever on the shaft, using template,
as shown in figure 4-11. The template must be held flush against the side of the transfer pump
with the cutout in the template seated on the operating shaft. The centerline mark on the template
must aline with the operating lever shaft.

Fig 4-18. Checking operating lever
travel (Model LDS-415-2).

When the fuel injection pump operating lever
does not aline with marks on the template (fuU rack
position), fuel injection pump calibration must be
checked on a teat stand.

Refer to TM 9-2320-230-20 for instructions
to adjust accelerator linkage.

Adjust idle speed screw (fig 4-11), if neces-
sary, to rated idle speed. High speed screw should
only be adjusted on fuel injection pump test stand.

c. Adjusting the fuel shutoff control. The fuel shutoff control should be adjusted in the follow-
ing manners (1) Push the engine stop knob on the dash panel all the way in. (2) Loosen the lock-
ing screw on the fuel shutoff control wire. (3) Push the injection pump fuel shutoff control all
the way in. (4) Now tighten the locking screw on the fuel shutoff control wire so the shutoff con-
trol wiU be held all the way in with the engine stop knob pushed in (fig 4-19).

.IIMIumlI..

Ili

L
Fig 4-19. Shutoff control wire.
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4-8. COMPONENT SKRVICING AND REPLACEMENT

Since servicing and replacing some multifuel engine fuel system components will also be
part or your Job, we will discuss how you should go about doing some of these tasks.

a. Servi ink the air cleaner (fig 4-20). Use the following procedures to service or replace
a dry-type air cleaner filter elements (1) Loosen the clamp securing the air cleaner bonnet and
remove the bonnet. The air cleaner bonnet is also commonly called the rain hood. (2) Releese
the hood side panel latches and lower the side panel. (3) Release three "pop-up" type clamps
securing the air cleaner to the air cleaner support bracket. (4) Lift the air cleaner from the
engine compartment. (5) Then lift the dry-type filter cleaner from the air cleaner. ( Use
compressed air to cleen the element. (7) Replace the element if it is damaged in any way that
will allow unfiltered air to enter the engine. (8) Assemble the air cleaner in the reverse order
of removal. Procedures end requirements must be in accordance with instruction In Indlviduel
T M's.

Fig 4-20. Mr cleaner.

b. Servicing fuel filters (fig 4-21). The engine primary and final fuel filters are alikeand
the titter element* for both filters are replaced as follows: (1) Open the drain valves and drain
both filters. The fuel will drills faster if you open the bleeder velves (also called vent valves)
at the top of the filters. (2) Remove the retaining screws end gasket washers on both filters
and remove the filter element cases. (3) Remove the discard the gasket washers, housing
gaskets, gasket washers, housing gaskets. and filter elements, assemble the filters io the re-
verse order of disassembly.
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Fig 4-31. Fuel filters.

cs Fuel mtem bleeding. The fuel system must be bled to remove air any time the filters
are drained, such as when the filter elements are replaced. To bleed the filters, close the drain
valves and open the bleeder valves on the fuel filters. Next, turn the accessory switch on and
allow the in-tank fuel pump to fill the filters with fuel. Repeatedly open and close the bleeder
valve. until all air bubbles disappear. Close both valves. Now, start the engine and again check
for air bubbles at the bleeder valves.

d. Servicinkthe turbosupenharier. Turbosuperthargers on aultifuel engines are lubricated
by engine oil and have external, oil Met and on drain tubes. It is eery possible that you will have
a chance to replace these tubes. Here is bow you should do it, To replace the turbosupersharger
on inlet tube, disconnect the tube from the elbow fitting that is screwed into the engine creak-
s:wee oil passage. Then remove the two screws and washers securing the inlet tube to the top of
the turbosuPorslutriter. lift the tube from the engine compartment and discard the tube and the
turboetspercharger gasket. Clean the gasket mounting surfaces and position a new gasket on the
turbocharger. When installing the new inlet tube, start both the fitting and securing bolts before
tightening either end of the line 4-22).
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Fig 4-22. tube,

To replace the oil drain bibs hose, loosen the two hose clamps securing the hose to the
turbosuperoharger eau the engine crankcase tubes, Slip the oil hose from the tubes. Clean the
connecting tubes on the turbosupereharger and the engine crankcase before installing the new
hose. The airhose connecting the turbosupercharger to the intake manifold may also need to be
replaced. To do this, loosen the top and bottom hose clamp.. Next, slide the hose down on the
supercharger air cutlet until it is free from the intake manifold. Then push the hose to one side
and pull it up off the supercharger. Finally, position the new hose in the reverse order of the
removal procedures end tighten the securing clamps gig 4-33).;

At Aim IL_

OIL DONN
TOSS

Fig 4 -23. Oil drain tube and intake manifold hose.

e. Servidatete;;:tor 16177. If a Illith pressare fuel injector line is leaking and it cannot be
stopped by you should replace the line. Remember to use mutton when working on
or near high-pressure lines.

0) Removal gig 4-24). To remove a fuel injector line, remove the two self-locking nuts
8003the inner and outer mounting clamps that clamp the line to be removed. Slide
the dust cap up at the injector pump hydraulic head, revealing the injector tube nut.
Unscrew the tube nut, being very careful to prevent any dirt from entering the hydraulic
head after the nut is removed. Now, unscrew the injector tube nut at the injector nozsle
and remove the line.
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Fig 4 -34. Fuel injector lines.

(2) Replacing. When you are installing the new line, position it as shown in the accompany
ing illustration. Start the tube nuts at both ends of the line before tightening the nuts or
line clamp. Make sure that the dust cap is in place and that the clamp holds the line
firmly. Start the engine and cheek for fuel leaks.

(3) Fuel injector nozzle and holder assemblies. AU fuel injector nozzle and holder assent.*
blies are removed in a similar manner. For instructional purposes, No. 1 fuel injec-
tor nozzle will be removed.

(a) Removal. Disconnect &el return to fuel injector pump overflow valve tube (A, fig
4 725Throm tube tee in nozzle and holder assembly. Disconnect the fuel Injector
nozzle fuel return tube (B) from between the tube tees in the fuel injector nozzle
and holder assembly. Remove the tube. Remove the Awl return tee (C). Discon-
nect the fuel injector tube (0) from the fuel injector nozzle and holder assembly.
Remove the two capecrews (E) and lockwashers securing the fuel injector nozzle
and holder assembly to the cylinder head.

FUEL 0.010011. NOZZLE
AND sou= ASSY

Fig 4-25. Disconnecting or connecting fuel
injector nozzle and holder assembly.
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Remove the fuel injector nozzle and holder assembly (A. fig 4-20 with folddown clamp
(15) attached. Remove the holddown clamp from the nozzle and holder assembly. Note the posi-
tion of the dowel pin hole in the clamp and locating dowel pin in holder. Remove and discard the
fuel injector nozzle gasket (C). Remove the dust seal (D). Do not discard the seal if it is ser-
viceable. A new or serviceable seal must be installed at assembly. Plug openings to prevent
entry of dirt.

Fig 4-28. Removing or installing fuel
injector nozzle and holder assembly.

If the nozzle and holder is seized in the cylinder head. Insert the threaded end of the
fabricated nozzle and holder remover (fig 4-27) in the threaded opening of the holder. as shown
in figure 4-27. and remove the holder assembly from the cylinder head with the slide hammer
attachment.

Fig 4 27. Removing nozzle and holder assembly
using fabricated remover.
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(b) Install nozzle and holder assemblies on nozzle teeter.

Before testing the nozzle and holder assembly, clean the nozzle external area to remove
carbon and dirt. Do not allow dirt to enter the fuel inlet opening.

Mount the injector nozzle and holder assembly (A, fig 4-28) on the nozzle tester using
connector tube as shown. Fill reservoir (B) with fuel. Close the pressure gage valve (C).
Actuate the pump handle (0) approximately 25 strokes to clear all air from the nozzle and hold-
er assembly.

Fig 4-28. Testing fuel injector nozzle and holder assembly.

Warning.: The penetrating power of atomized fuel under presstroe from the injector nozzle
is sufficient to puncture the skin and may cause blood poisoning. Keep your hands
awey from the nozzle during teat.

(c) Test nozzle and holder assembly.

Open the pressure gage valve and actuate the tester slowly to raise pressure. Note
the gage pressure when the nozzle opens. New nozzles should have an opening pressure of 3050
3150 psi, end used nozzles should have a minimum opening pressure of 2800 psi, to be considered
scrviceabi:.. Used nozzles with less than 2800 psi opening pressure must be adjusted to obtain
3050-3150 Dal. A pressure range of not over 300 psi, for the complete set of nozzles, must be
maintained for ootimum performance.

Two optional construction nozzle and holder assemblies have been supplied. One type
incorporates an adjusting screw to adjust opening pressure. The second type requires the removal
and installation of shims to adjust the pressure.

Turn adjusting screw clockwise to increase pressure and counterclockwise to decrease
pressure. Tighten the locknut and check pressure. Torque tighten the locknut to 40-45 pound-
feet, after pressure is adjusted, and recneck the pressure. install the cap gasket and cap after
final setting. Torque the cap to 40-45 pound-feet.

Remove the nozzle cap. Add shims to increase pressure and remove the shims to de-
crease pressure. A 0.001 -inch shim will change the opening pressure approximately 150 psi.
install the nozzle cap and torque tighten the cap to 40-45 pound -feet. The pressure check must be
made with the capnut installed and properly torque tightened.

With the pressure gage valve open, actuate the tester slowly to build up pressure. As
specified opening pressure is approached, observe the nozzle spray hole(s). If a drop(s) of fuel
forms, or U fuel issues as a Stream below 2800 psi, the nozzle must be cleaned and repaired or
replaced.
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Close the pressure gage valve and operate the pump handl. at approximately 15 strokes
per minute. Nozzles for Mode la LO-465-1, LD-405-IC, LDT- 465 -IC, and LDS-465-1 have two
spray holes and will have a duel spray pattern. Nozzles for Models LDS-465-1A and LDS-465-2
have one apray hole and will hove a single spray pattern, if the hole(s) are clean, the pattern
should be sharp and concise (refer to figure 4.391, U the spray pattern is poor and does not im-
prove with continued operation of the teeter, the nozzle must be cleaned and repaired or replaced.

Normally a nozzle will bark (chatter) when the valve opens, Chatter should be distinct
and regular although an occasional skip or variation in pound pitch is acceptable. This condition
generally accompanies a properly functioning nozzle and indicates that the valve is free and the
valve seat surface is clean, Pump the handle rapidly and observe that a fine spray is emitted and
a chatter or squeak sound is heard at each stroke. If chatter and sound pitch are irregular, and
do not improve with continued operation on the tester, the nozzle must be cleaned and repaired or
replaced.

1.014114
LI*41114

Tie 4 -2k, Typical mule mad holder spray patterns,
(d) Disaaaekmb ,

Adjusting screw type nozzle and holder assembly,

Clamp the fuel injector nozzle and holder assembly (A, fig 4-30) in a soft-jawed vise.
Hold the locknut (B) to prevent turning the cap is removed, Remove cap (C), Remove and
discard the cap gasket,

A reel Wiest snub and holder ivitsobly
III IlAtkaut
C cop

Fig 4-30. Removing or installing nozzle and holder
assembly cap (adjusting screw type),

Looaen the locknut (A, fig 4 -31). Remove the adjusting screw (B) and locknut. Remove
and discard the locknut gasket. Remove spring (C), Remove spindle ()),

Place nozzle holder (A, fig 4-32) in a vise, Remove nozzle capnnt (B), Remove nozzle
body (C) and valve as as assembly,

Caution: The valve should not be handled with your bare hands. Such handling will wipe
oil film from part and may cause a sticking valve, Do not permit the polished
surface of the valve or body to come in contact with any hard substance, Remove
the valve carefully to prevent damage to surfaces,

Remove the valve from the nozzle body by using pliers as shown in figure 4-33.
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FIg 4-31. Removing or installing locknut, adjusting
screw spring, spindle, and gasket (adjust-
ing screw type).
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Flg 4-32. Removing or installing nozzle
espial and nozzle assembly.
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FIg 4-34. Removing or installing valve.
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body (0).

Shim-type nozzle and holder assembAy.

Remove cap (A. fig 4-34) shims (ID, spring (01$ and spindle (F) from the nozzle holder

A C a p 1) Nada awaitI Houle haler batty I Gasket
C Neal. asseably V Spindle

1
,wawa2 Nada tally

Fig 4-34. Fuel injector nozzle and holder assembly
-exploded view (shim type).

Place the nozzle holder in a vise as shown in figure 4-32 and remove the capnut (D, fig
4-34). Remove the nozzle body (C2) and valve (C-1) as an assembly.

Remove the valve from the nozzle body by using pliers. as shown in figure 4-33.

(e) Cleaning.

Soak the valve (C' -l. fig 4-35) and nozzle body (C-2) in carbon removing solvent to re-
move major carbon deposita.
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Fig 4-35. Fuel Injector nozzle and holder assembly
-exploded view (adjusting screw type).

Clean the valve (C-1 fig 4-35) with a soft cloth or a :eh pad and mutton tallow. The
valve can be hold by the stem In a revolving chuck during this operstlon. A piece of soft wood.
well soaked in oil, may be used for cleaning carbon from the valve.

Caution: Do not scrape carbon from the valve or Inner surface of body with any sharp tool,
abrasive material, or wire brush. Highly polished surfaces may be severely
damaged.

Clean carbon from the spray nozzle hole In the nozzle body (C-2 fig 4-35) by probing
with a 0.025-inch diameter cleaning wire. use extreme care while cleaning to prevent break-
age of the cleaning wire In the holes It is often Impossible to remove broken pieces.

Clean the Inside of the nozzle body (C-2 fig 4-35) with s formed piece of soft wood.
well soaked in oil. The point of the wooden probe should correspond to the angle of the valve seat.
Clean the outer surface of the body with a soft cloth soaked IA carbon solvent. Do not scrape
carbon from the surface around the orifice.

Clean cap (A. fig 4-33). male holder (B). capnut (D). spindle (F), spring (0). adjusting
screw (!1). locknut gasket (.1). locknat (K), and shims (H) with drycleaning solvent P -D -080. Re-
move sludge and gum deposits from the fuel paseage In the body by using a suitable probe.

(f) inspection.

inspect the seat of the valve (C-1) sod nozzle body (C-2) for evidence of wear. distortion
of the valve seat due to pounding. discoloration due to overheating, and for pitting. Inspect the
highly polished shoulder for scratches and discoloration. Check the fit of the valve In the nozzle
body. The valve should slide freely to its scat without aid. Inspect the body valve seat using a
strong light and a magnifying glass for scratches, discoloration, wear, pitting, and evidence
of pounding. Defective parts are cause for replacement.
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Inspect nozzle spring (0) for cracks and evidence of wear.

Check spindle (F) for stralghiness. Check the spindle with a straight edge and strong
light in at least two positions110° apart. Replace the spindle if not straight.

Check nozzle taphut threads, nuzzie holder body threads, and adjusting screw threads
for damage. Replace nozzle and holder assembly when these threads are stripped or damaged
hoyond repair,

(g) Repair, Repair of defective parts is limited to the reconditioning of damaged threads and
the lapping of the valve to the valve nozzle body. Repair damaged threads, and lap the valve in the
body to remove minor discoloration. Replace parts showing wear, pounding, or pitting. Replace
the nozzle assembly If the spray holes are oversize or if they cannot be freed of obstructions.
Replace the nozzle assembly when lapped sealing surface of the body is badly scratched or nicked
or when polishing on a lapping plate does not remove the defects. Remove minor scratches from
the sealing surface with fine compound on a lapping plate. The nozzle body must be held flat on
the lapping plate during this operation. Replete the nozzle body if the locating dower pin is loose
or damaged.

(h) Assembly, Refer to instruction on the adjusting screw type nozzle and holder assembly
or shim type nozzle and holder assembly above and reverse the instructions to assemble the fuel
injector nozzle and holder assembly. The nozzle assombly (C) must be centered capnut (D)
during assembly. Torque tighten the capnut to 4145 pound-feet, Test the nozzle after assembiy.
Observe torque of 40-45 pound-feet on locknut on the screw adjusting type nozzle and on the cap
on both type nozzles. If it is not to be installed immediately, the nozzle and holder assembly
should be suitably protected to prevent entrance of dirt.

Note: The fuel injector nozzle and holder assembly is precision manufactured and assembly
requires special precautions. The nozzle must be clean and free of any grease deposits or finger
stains. Store the nozzle and holder assembly in a suitable container to prevent entrance of dirt,

(i) Installation,

Coat the fuel injector nozzle and holder assembly body (fig 4-38) with high temperature
silicone compound, conforming to MIL-S-8060, before installation.

Reverse the instructions listed above to install the fuel injector nozzle and holder assent
hiy. Install the dust seal and a new nozzle gasket. Hold the gasket in place with a light coating
of grease. Install the holddown clamp with the dowel pis hole over the dowel pin in the nozzle and
holder assembly,

Tighten holddown clamp screws evenly to prevent uneven stress on the clamp and nozzle.
Torque tighten holddown clamp screws to 150-175 pound-inches.
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Fig 4-36. Coating fuel Injector nozzle
holder body before installation.

A cross - sectional view of a typical fuel injector nozzle and holder assembly is shown
in figure 4-37.

lelg 4-37. let._. injector nozzle and holder
assembly -sectional view.
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AUTOMOTIVE FUEL AND EXHAUST SYSTEMS

Lesson 4

Maintenance of Compression-igniaon Engine Fuel Systems

STUDY ASSIGNMENT: MCI 35.25a. Automotive Fuel and Exhaust SYstems chap 4.

LESSoN OBJECTIVE: Upon successful completion of this lesson, you will be able to identify the
basic maintenance of the compression-ignition engine fuel system.

WHITTEN ASSIGNMENT;

A. Mu itipie Choice: Select the ONE answer which BEST completes the statement or answers the
question. After the corresponding number on the answer sheet, blacken the appropriate box.

Value: 1 point each

1. What effect will holes and rusty spots have on the fuel system?

a. Development of excessive fuel in the fuel lines
b. Excessive pressure in the fuel lines
c. Loss of fuel
41. Clogged fuel lines

2. To help dirt i.:ate vibration in the fuel lines, the lines must be

a. secured properly to the ehtele frame.
b. made of copper to cushion the vibration.
c. secured by rubber clips.
d. made of rubber or similar materials.

3. U dirt and/or water Div found in the primary filter located on the engine frame. you would

a. drain and check the secondary filter.
b. drain and check the Injector pump.
e. drain the fuel tank,
d. drain the final filter to eliminate a possible air leak.

4. When would you drain the final fuel filter?

a. After draining and clerning the fuel tank
b. If the injector pump has an air lock in the line
c. If the primary filter has an air lock in the line
d. After draining the secondary filter and discovering dirt or water

5. The key points to check when inspecting the fuel injection pump are proper mounting.
external damage* and

a. air leaks. c. evidence of water.
b. fuel or oil leaks. d, overheating.

II. Why are high pressure lines considered dangerous?

a. They could break and 'Juncture your skin.
b. They will Ixplode when exposed to moderate heat.
c. They are under pressure all the time.
d. They emit a poisonous gas when ruptured.

11411 4; p. 1
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7. What is the air intake or rain hood in the air induction system checked for?

a. Excess dirt e. Excess heat
b. Leaks d. Water vapor

8. The flexible tube in the air induction system should be checked for

a. leaks.
b. dirt.

c. water.
d. rust.

9. What is a good way to start your troubleshooting of a malfunctioning vehicle?

a. Refer to the last quarterly inspection.
I,. Find out when the next quarterly is due.
c. Ask the last driver of the vehicle how the vehicle was acting.
ti. Update the scheduled preventive maintenance.

10. Where is the pressure gage connected when making a fuel pump pressure test?

a. At the inlet side of the fuel pump c. At the outlet side of the carburetor
b. At the fuel outlet side d. At the intake manifold vacuum

11. The voltmeter is used when making a fuel pump test to determine

a, the amount of resistance. c. voltage at the pump.
b. amperage flow. d. biel flow.

12 The control linkage adjustment for the injector pump is the main adjustment that you, as
an organizational mechanic. can make to the

a. multifuel engine injector system.
b, compression-ignition fuel and air system.
c. choke circuit
d. supercharging system.

13. Proper maintenance when cleaning the dry type air cleaner is cleaning it with

a. solvent. c . gasoline.
b. soap and water. d, compressed air.

14. Cleaning the filter elements, Installing new gasket washers and housing gaskets, and
replacing the filter elements are procedures for servicing the

a. 'printery fuel filter. c, engine secondary and final fuel filter.
b. fuel pump fuel filter. d. In line pump filters.

15. The bleeder valves an the fuel filters are used for what purpose?

a. To drain air from the fuel
b. To prime the fuel system on the muitifuel engine
e, To take a fuel pump pressure test
d. To cheek the filters for dirt, water, and rust
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LC Where does the turbosupercharger on the multifUel engines receive its lubrication from?

a. It has its own oil supply system.
b. It receives its oil from the transmission.
c. It receives its oil from the engine lubrication system.
d. It has an external oil reservoir located inside the cab.

Total Mast 16
*
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Chapter 5

CONSTRUCTION AND OPERATION OP EXHAUST SYSTEMS

5-1. INTRODUCTION

They exhaust system is a relatively simple part of a vehicle. However, it plays a very im-
portant part in vehicle maintenance. Above aU, leaks in the aystem must be promptly repaired.
As you know, exhaust gases contain carbon monoxide which is a deadly poisonous gas. Carbon
monoxide is especially dangerous because it is colorless and odorless. The driver and passengers
of a vehicle can inhale a fatal dose of carbon monoxide without knowing it. This can be the result
of an improperly repaired or defective exhaust system.

/
Jetts WHAT 16 US AWN

1
THING TO KNOW ABOUT

...EXHAUST 04s 9\\

Pig 5-1, Exhaust gases contain the poisonous carbon monoxide gas.

5.2. PURPOSE OP THE EXHAUST SYSTEM

The exhaust gas leaving the engine is very hot and contains corrosive substances. It can
ruin flexible hoses, insulation on wiring, and paint on the vehicle. It can also start fires. In
addition, the exhaust gas leaves the engine under high pressure, creating a loud, undesirable
noise. The purpose of the exhaust system is to direct the exhaust away from the operator's and
paestager's compartments and away from electrical wiring and other materials that the exhaust
can damage. The system must also include a means of muffling the noise created by the escaping
gases. A typical exhaust system is shown in figure 5-2. It consists of the exhaust manifold, ex-
haust pipe, muffler, tailpipe, and clamps. Often the exhaust and tailpipe are made up of several
pines. Nodes that the tailpipe in the figure has three sections, C, D, and X.
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A-Exhaust manifold
R-Muffler
C-Front tailpipe
0-Rear tailpipe
K -Rear tailpipe hanger

Fig 5-2.

5-3. EXHAUST MANIVOLD

Exhaust system.

r-Front-to-rear tailpipe clamp
0-Muffler -to-tailpipe clamp
H-Exhaust pipe
J Exhaust pipeto-muffler clamp
KTailpipe extension

The exhaust manifold Mg 5-3) collects the burned gases as they are expelled from the engine
cylinders and directs them into the exhaust pipe. The manifold may be made of cast iron or
assembled from steel tubing. Usually, flanges are made on the manifold where it connects to the
ovine and to the exhaust pipe.

IMAM MANIFOLD

Fig Exhaust manifold.
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a. Flanges (fig 5-4), The mating eurfaces of the flanges are machined to a smooth finish tc
provide an airtight seal against the engine and the exhaust pipe to prevent the exhaust gases from
leaking. Sometimes a metal.to-metal contact is used to provide the seal, but most of the time an
asbestos gasket is used between the exhaust pipe and manifold outlet flange. Nuts made of brass
are often used to secure the manifold flanges because brass does not rust. The extreme heat of the
exhaust causes steel nuts to rust very rapidly and thus makes them hard to remove.
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rig 6-4. Exhaust flanges.

b. Water Jackal. Some military wheel vehicles use exhaust manifolds that haw water jackets
for liquid coolant. Coolant that is used to cool the engine passes through the exhaust peen, reducing
the amount of noise, and reducing the damage that exhaust heat causes to the exhaust system and
other nearby parts.

c. Manifold passage design (fig 6-6). Exhaust passages inside the manifold must be fairly
smooth and free of any obstructions that will slow the flow of exhaust gases. Sharp turns should be
avoided in designing and manufacturing all exhaust system components. Often one exhaust manifold
inlet port handles the exhaust from two cylinders that are side by side. This is possible because
the two cylinders do not have their exhaust strokes at the same time.

6-3
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Fig 5-5. Manifold design.

5-4, INTAKE MANIFOLD ROT SPOT

On many spark ignition gasoline engines the exhaust gases are used to heat the fuel-air
mixture when the engine is cold. This is done because pasol:ne will not vaporize well when cold.
In order to do this, the intake and exhaust manifolds of isine engines are usually bolted
together and are designed so that the hot exhaust gases can flow througn a passage around the in-
take manifold. This passage is called the intake manifold hot spot.

a. Neat control valve (fig 5-6). To control the flow of gases through the intake manifold hot
spot, a valve is placed in the opening between the two manifolds. Notice that the valve can be
moved to either open or close the opening to the intake manifold. The heat oontrol valve may be
operated automatically or manually.

HEAT CONTROL VALVE
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Pig 54. Heat control valve.

b. AuLo_matic controLof hot snot (fig 5-7). For automatic control, a thermostatic spring is
mounted on the end of the heat control valve shaft in the exhaust manifold. When the engine is
cold. the spring is contracted and holds the heat control valve so that exhaust gases are directed
through the manifold hot spot. As the engine heats up. so does the thermostatic spring. The
heat expands the spring. which turns the valve. Exhaust gases then travel directly to the exhaust
pipe. bypassing the intake manifold hot spot.

5-4
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Fig 5.7. Automatic control of hot spot.

c.. Manual control of the hot spot (fig 5-8). For manual control of the valve, a plate (with
markings to indicate the position of the valve) is installed on the control valve shaft. The plate must
be moved by hand to the desired position and then secured with a locknut.

i

5-5. EXHAUST PIPE
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Fig 54. Manual control of the valve.

The exhaust pipe is the passageway for the exhaust gases to flow from the manifold to the
muffler. It is a heavy steel tube which may be flanged at both ends so tt can be easily attached to
the muffler. The flanges may have drilled holes so they can be bolted together, or they may be of
the shoulder-type flange Joined together with a clamp. Often, at the muffler end of the pipe there
may be no flanges at all. Then the exhaust pipe slips inside the inlet extension on the muffler and
a clamp is used to squeese them together, making an airtight seal (fig 54).
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Fig 6-0. Exhaust pipe.

a, Exhaust pipe size. The diameter of the exhaust pipe is determined to a large extent
by the size of the engine. On a small. one-cylinder engine. a pipe no larger than a smail water
pipe may be enough to do the job. A larger engine may require an exhaust pipe that is thtiee or
more inches in diameter to carry the larger amount of exhaust gases.

b. Exhausipipe length. The length of the exhaust pipe is determined by the design of the
vehicle. if the engine is in the front of the vehicle and the muffler is mounted in the rear. the
pipe will of couree. have to be long. Often long pipes will be in two sections. Toprovide as much
road clearance as possible, pipes are formed in odd shapes so they can fit well up under the
vehicles without touching other components. Long pipes are also supported from the vehicle frame
by hangers. The center portion of the hanger may be made from a flexible material to absorb
vibration,

5-6. lilLIFIPLER

The purpose of the muffler is to muffle (reduce) the exhaust noise. The perfect muffler would
silence all of the noise made by the exhaust gases me would eliminate all back pressure. However,
it is not practical to make a muffler this perfect. Therefore. mufflers in common use cause some
back pressure and do not silence all of the noise. The muffler reduces most of the noise by cooling
the hot exhaust gases to reduce the pressure. The chambers between the baffles inside the baffle-
type muffler also produce a deadening effect by smoothing out the surges of gases flowing from the
cylinders. The straight-through-type muffler will cause very little back pressure but does not do
as good a job of muffling the noise. The baffle-type muffler causes more back pressure but does a
better job of muffling the noise.

a. Straight - through -type muffler (fig 5-10). There are two basic muffler designs. One is called
the straight-through type in which a pipe extends straight through the muffler. Holes are drilled
all around the pipe, and metal shavings or glass wool are packed in the chamber that surrounds
the through pipe.

STIMIMIT THROUGH MUFFLER
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Fig 5-10. Straight-through muffler.
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b. Baffle-type muffler (fie 5-11), The other muffler design is called the baffle -type muffler.
Here the exhaust enters the muffler and then must travel through holes in several baffles before
it escapes through the muffler outlet. Often a small hole is drilled in the bottom of the muffler to
allow condensed water to drain. Mufflers are made of sheet metal and are crimped or welded
together at the seams. They cannot be disassembled.
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Fig 5-11, Baffle -type muffler.

54. TAILPIPE

The tailpipe carries the exhaust gases from the muffler outlet to a °Mat where they can be
safely ejected from the vehicle. It is made of steel tubing that may be & little smaller in diameter
than the exhaust pipe. A smaller pipe can be used because the muffler has cooled the gases a great
deal, causing them to contract. The pipe may be secured to the muffler by either a flange or a
slip-together-type connection. To insure that the pipe stays in the proper position along the body or
frame of the vehicle, hangers are used.

a. Attaching tailpipes to vehicle cabs (fig 512), Some tractor-type trucks have their tailpipe
run up thirate of the cab and directed et towed trailers.

1115 5.12. Tni1PIPe attached to vehicle cab.
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b. Preparing tailpipes for dee. water fording (fig 5-13). To prepare s vehicle for deepwater
fording, special tailpipe extension s usu i y required. The extension is connected to the vehicle
tailpipe and extends up alongside the vehicle body. Pipes like these, or those on tractor trucks
that point up, should either be curved outwsrd at the end or have a weather cap installed. Other-
wise, rain water can enter the pipe. The weather cop may be s flapper valve that is closed by a
spring or the weight of the valve and opened by exhaust pressure,

Fig 5-13, Preparing till/pipes for deep water fording.

5-0. TYPES OP EXHAUST SYSTEMS

Vehicles equipped with V-type engines may have single or dual exhaust system., When the
dual system is used each bank of cylinders has a separate exhaust system with its own manifold
exhaust pipe, muffler, and tailpipe.

a. Dual exhaust system (fig 5-14), The dual exhaust system permits the exhaust gases to travel
in a straighter path to the rear of the vehicle; therefore, the dual exhaust system causes less back
pressure thsn the single and is desirable for beet engine performance, However, the additional
parts that are required make dual exhsustsystems more expensive than single exhaust systems.

5-0
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Fig 5-14. Dual exhaust system

b. Single exhaust system. If a single exhaust system is used on a V»type engine, the exhaust
gases from the two banks of cylinders must be brought together at some point, 04 some engines a
crossovev pipe made from a steal tube connects the two exhaust manifolds together. Exhaust
gases from both cylinder banks then leave through one exhaust pipe that is connected to one of the
exhaust manifolds. Another method used is to bring together the exhaust pipes from the right and
left cylinder banks, forming a "Y" connection.

c, intake manifold hot s t on V en Ines. The intake manifold hot spot on a gasoline
V-type engine gener has exhaust open nes that lead from each of the two banks of cylinders
directly into exhaust passive in the intake manifold. Exhaust gases flow through the passages
and the hot spot when the exhaust pressure is greater at one bank of cylindetv than at the other.
Usually the balance of exhaust pressures between the banks of cylinders is controlled by a heat
control valve located at the outlet of one exhaust manifold.

6-9, EXHAUST OPERATED TURBOCHARGER

A turbocharger. when used, is mounted in the exhaust system. Ito turbine housing is generally
connected directly to the outlt : of the exhaust manifold. All exhaust pees leaving the manifold pare
through the turbine housing to drive the turbocharger, and :hoc escape through an exhaust elbow
to the exhaust pipe, Driving the turbocharger slows down the exhaust gases some and, as you know,
slowing down the exhaust gases reduces the engine's power output. With the turbocharger, however,
any power lose due to slowing the exhaust gases is more than made ur by the increased intake air
pressure (fig 5-161.
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5-10. SPECIAL BYPASSES
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Pig 5-15. Turbocharger.

Water tankers of the 2 112 ton-series trucks have a special bypass in their exhaust systems.
The bypass is used in cold weather to direct the hot exhaust gases into a heat chamber under the
water tanks to help keep the water from freezing. A bypass control valve Is mounted in the exhaust
system at the rear of the exhaust pipe and in front of the muffler. The control valve can direct
the exhaust gases either to the muffler or to the heat chamber under be water tank. A control
lever to operate the bypass control valve is located in the vehicle cab (fig 5-15).
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Pig 546. Special bypass.
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5 -11. MAINTAINING THE EXHAUST SYSTEM

Maintenance of exhaust systems is shout the same regardless of which type of vehicle you
are working on. To prevent repeating procedures, the inspection and some common repair
procedures will be covered ,before continuing on to any particular vehicle.

a. Inspecting the exhaust system (fig 5-17). To inspect the exhaust system you will depend
mostly on your senses of sight, hearing, and touch. Start at either end of the exhaust system and
work toward the opposite end, inspecting for leaks and for loose, missing, defective, and impro-
perly positioned components. Above ail, don't run a vehicle engine for more than a minute or two
unless it is located in a well-ventilated area. Otherwise, you may become a victim of carbon
monoxide poisoning. Also, watch that you don't burn yourself on any of the parts of the hot
exhaust system.

WHY ARE YOU OPENING THE WIN e?

BECAUSE WE ARE JUST SITTING HERE WITH
THE ENGINE IDLING, IF WE DON'T GET ENOUGH
FRESH AIR, THE EXHAUST GASES MIGHT KILL US.

Fig 5.17. Proper air ventilation.

(1) Exhaust leaks (fig 5 -18). Exhaust gas leaks are your biggest problem. You must make
sure that you find and make a note of all of them, regardless of h6w small they are. Bad
leaks make a lot of noise, so you can easily locate the general area from which they are
coming. Small leaks can be heard if you momentarily plug the tailpipe outlet. This causes
any leaks to make a hissing noise due to back pressure building up in the exhaust system.
After you find the general area of the leak, hold your hand near the aspected leak. Escaping
gases may bu felt striking your hand. But be careful that you don't get your hand too close
and get burned. .
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LOYOC NKNOWAW
TO CHECK FOR EXHAUST
LEAKS?

YES PUT YOUR BOOT TIGHTLY
OVER THE ENO OF THE TAIL
PIPE. IF THERE IS A LEAK
YOU WILL HEAR IT.

Pig 2.18. Checking exhaust leaks,

(2) Ti htness, Inspect the exhaust manifold for tightness and creel's, Look closely for
traces o carbon deposits that may indicate a leak. Also, check to make sure that the heat
control valve for the manifold hot spot operates freely, AU heat deflectors and shields
must be secure and properly positioned to protect nearby parts from the heat.

(3) ltuet and corrosion, When inspecting the exhaust pipe, muffler, and tailpipe, pay
particular attention to damage caused by rust and corrosion as they are the main causes
of these parts going bad, Often a muffler may look all right from the outside but may be
rusted away on the inside, Bump the muffler several times with your hand. If it rattles on
the Wake, the baffles are rusted loose and the muffler is ready for replacement.

(4) Rangers. All parts must be held securely in the proper position by the hangers and not
allowed to bump or rattle against the vehicle body, frame, or power train parts. Ample
space must exist between all hot exhaust system parts and items such as electrical wiring,
brake hoses, and fuel lines. These parts do not even need to touch in order to burn away
the insulation on a wire or to boil fuel in a line,

(5) Dents. Any large dents in the muffler, exhaust pipe, or tailpipe will slow down the flow
of escaping gases and reduce engine power, A muffler that is full of carbon deposits will
also restrict gas ilow. You cannot see this kind of restriction but if it is suspected, connect
a vacuum pressure gage to the intake manifold. if the exhaust system is restricted, the
manifold vacuum will read normal when the engine is first started but will drop rapidly.

b, Repairing the exhaust system, Repair of the exhaust system is mostly limited to the replace-
ment of parts, No attempt should be made to remove parts while they are still hot from engine
operation,

(1) Nuts and bolts, Because the threads of nuts, studs, and bolts in the exhaust system are
genera and badly stack, you will have to be very cautious to prevent twisting off the
studs and bolts in the manifold or engine, Penetrating oil placed on the threads of stubborn
bolts and nuts will help a lot, On items such is clamps, where bolts can be replaced without
drilling out ti., broken pieces, it is usually better to Just twist the bolts off and reinstall
iew ones if the threads are badly rusted, Brass nuts ara used in locations where rust and
corrosion affect steel nuts and the studs are not replaceable or would be very hard to replace,
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Pay particular attention to make sure that you reinstall brass nuts everywhere they are
supposed to be used, Always make sure that the threads of all nuts, studs, and bolts
are clean and in good condition before replacing the components.

(2) Mountint tante. (fig 6-19), You cannot expect to stop exhaust leaks if the mounting
flanges of an exhaust manifold are defaced or out of alinement. Check for flange aline-
ment by using a straightedge and a feeler gage as shown in the illustration. Minor
scratches and burrs can be removed with a fine, flat mill file. If a manifold has MIS'
alined flanges or low spots. that cannot be corrected by light filing. it should be replaced.
Cast iron manifolds are very easy to crack, so be sure to use the tightening procedures
recommended in the proper vehicle TM.

rig 6-19. Checking flange alinement.

(3) Exhaust pipe, a.uffler, and tailpipe, The replacement of the exhaust pipe, muffler, and
tailpipe is done from under the ve tole. On smaller vehicles it w11 probably be necessary
to use jacks and stands to lift the vehicle to provide working space, On civilian-type
vehicles it is usually necessary to position the stands under the frame so the rear axle will
drop down, providing enough clearance between the body and axle for removing the tailpipe.
On a lot of vehicles it is necessary to remove brackets, heat shields, propeller shafts,
and other components before the pipes and muffler can be removed. When flange-type
connections are used between the muffler and pipes, replacement of the parts is fairly
easy. However, when the pipes and muffler slip together, you can expect problems since
the connections are usually rusted together, One method of loosening rusty pipe connections
is to cut them free with a chisel or hacksaw, This method is fine if both the pipe and the
muffler are being replaced. But if only one component is bad, there is a possibility
that cutting the connection apart will damage the good component. Another method
of loosening rusty connections is to heat them with a torch. After heating, loosen the
connection by moving one pipe from side to side while pulling it free. Extreme caution
must be used to prevent starting a tire when using the torch under a vehicle.
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UNITED STATES MARINE CONS
MARINA CORPS INSTITUT,. MARINI ANNACKS

00X MS
WASHINGTON. O.C. 30013

AUTOMOTIVE FUEL AND EXHAUST SYSTEMS

Lesson 5

Contraction and Operation of Exhaust Systems

STUDY ASSIGNMENT: MCI 35125a, Automotive Fuel and Exhaust Systems. chap 5.

1.111480N 013JF.CTIVEt Upon successful completion of this lesson, you will be able to identify the
basic construction, function, and repair of the engine exhaust systems.

WRITTEN ASSIGNMENT:

A, Multiple Choice: Select the ONE answer which BEST completes the statement or answers the
question. After the corresponding number on the answer sheet, blacken the appropriate box.

Value: I point each

1, To direct the exhaust away from the vehicle operator's and passenger's compartments is
the function of the

a. exhaust system, c, supercharger system.
b. flame heater system. d, air induction system.

2. What is the purpose of the exhaust manifold?

a. Collects burned gases from the cylinders and direct them into the exhaust pipe
b. Expels burned gases into the cylinders
c. Expels burned gases into the muffler
d. Discharges burned gases into the tailpipe

3. What function does the intake manifold hot spot have in the exhaust system?

a. Acts as a prestarter for a cold engine
b, Limits the flow of exhaust pressure
c. Heats the fuelair mixture when the engine is cold
d. Operates the temperature gage sending unit

4. The exhaust pipe is the passageway for exhaust gases to flow from the manifold to the

a. tailpipe .
b, muffler.

c. intake hot spot.
d, tailpipe extension.

5. The exhaust pipe size is determined to a large extent by the size of the engine while the
exhaust pipe length is determined by the

a. horsepower of the engine. c. type of fu el used.
b. type of engine. d. design of the vehicle,

6. Which component in the exhaust system is designed to reduce engine exhaust raise?

a. Manifold c, Muffler
b, Exhaust pipe d. Tailpipe extension

isn 5; p. 1 12L



7. What carries the exhaust gases from the muffler outlet to a point where they can be safely
ejected from the vehicle?

a. Exhaust pipe extension c. Exhaust pipe
b. Exhaust manifold d. Tailpipe

B. Why can a smaller diameter pipe be used for the tailpipe than is used for the exhaust pipe?

a. The gases in the tailpipe have expanded.
b. The gases in the tailpipe are hotter and have contracted.
c. The gases in the tailpipe have cooled and contracted.
d. The smaller pipe will produce a greater back pressure.

9. What is usually required to prepare a vehicle for deep water fording?

a, A new tailpipe c. A special intake manifold
b. A tailpipe extension 0 d. A dual exhaust system

10 The dual exhaust is preferable to a single exhaust mainly because it

a. Is easier to install and maintain.
b. Is less expensive than a single exhaust system.
c. causes less back pressure and aids engine performance.
d. causes more back pressure and eliminates the straight path to the rear of the vehicle.

11, Single exhaust systems are used more often than dual exhaust systems because single exhaust
systems are expensive.

a. less
b, more

c. just as

12. The dual exhaust system permits exhaust gases to

a. be brought together at some point.
b. form a "Y" connection.
e. create more back pressure.
d. travel in a straight path to the rear of the vehicle.

1:3. The 11140 of a turbocharger results in

a. increasing the speed of the exhaust gases.
b. increased power.
e. a rechsetion in engine power output.
d, a deerease in intake air pressure.

14. When a turbocharger is used, it is driven by

a. a pulley off the water pump.
b. direct drive from the special bypass system.
c. exhaust gases.
d. intake gases.

15. Exhaust gases are directed into a heat chamber under the water tank of a tanker by

a, a turbocharger, e. special bypasses.
b. an exhaust manifold. d. an exhaust pipe.

25.25
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18, When inspecting the exhaust system, what is the most important thing you must check for?

a. Rust and corrosion c. Dents
b. Missing hangers d. Exhaust gas leaks

17. You are making a safety inspection of the exhaust system. On what will you mostly rely?

a. Your test instruments
b. Your senses of sight, hearing, and touch
c. The section SOP
d. The quarterly preventive maintenance sheet

HI. Never run a vehicle engine for more than a minute or two unless it is

a. in a well-ventilated area. c. outside.
b. topped off with fuel. d. at the proper operating temperature.

19. Let's assume that there is a leak in the exhaust pipe of the vehicle you are working on.
How would you go about correcting the defect?

a. Enlarge the hole till you reach good metal, then patch it with a metal plate.
b. Cut the defective portion of the pipe out and weld in a new section.
c. Replace the exhaust pipe.
cl, *place the exhaust system as a unit.

1.1.s. OOVENNNONT POINTING eirlelt.
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RELATED TRAINING EXTENSION COURSES (TEC)

If you desire to pursue your studies in this area. you should see your training NCO
and/or training officer for the local procedures for taking one or all of the below listed TEC
lessons. These lessons are audio-visual in nature. utilizing a TV like viewer along with an
audio tape. Each takes from 30 to 60 minutes to complete and is available from your local
Training Support Center.

Systematic Inspection for the 2 1/2 Ton Truck

Wheeled Vehicles Checks and Services. Gama
Goat

Environmental Hazards (Carbon Monoxide
Poisoning)

*0 .11 . GOVS10011St 1111111110 °MCI. 198200.361 4 t eiV0512

TEC -I
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