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INFORMATION
FOR

MCI STUDENTS

Welcome to the Marine Corps Institute training program. Your interest in
self-improvement and increased professional competence 1S noteworthy.

Information {s provided below to assist you in completing the course.
Please rend this guidance before proceeding with your studies.

1. MATERIALS

Check your course materials. You should have a1l the materials listed in
the "Course Introduction." In addition you shouid have encugh envelopes to
mal) 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 ynur subsequent activity to go unrecorded. You
mdy correct the information directly on the answer sheet. 1If you find a
discrepancy and correct it, ensure that you correct this information on all
your answer shaets. If you did not receive all your materials, use the
enclosed Student Request/Inquiry (MCI-R14_ ) to notify MCI of this fact and
what you)require. ?Note: The MCI-R14__ 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 1s submitted on blank paper or printed forms, {dentify each sheet in
the following manner:

44.1, Procedures of Legal Administration
Lesson o
Military or office address

(RUC number, 1f availadble)

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 {s added to the original
Course Completion Deadline (CCD) date. If you are not attached to a Marine
Corps unit you mav make this request by submitting the enclosed MCI-R14_, or




by calling the Registrar Division on AUTOVON 288-4175/2299/6293 or commercial
(20@) 433.5174/2299/2691. You are allowed one year from the date of
enroliment to complete this course. Your commanding officer 1S notified of
your status through the monthly Unit Activity Report. In the event of
difficulty, contact your training NCO or MC1 immediately.

3. [ENROLLMENT/MAIL TIME DELAY

Presented below are the Enroliment/Mai) Time delays. Column I represents
the First Class mai) time from MCI to the designated geographical location or
from your location to MCI. Al correspondence 1is 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 ¢+ 5 working days MCI processin? + 3 days mailing time back to the
unit =« 11 days. Column Il represents Regutar Mail) from the time when the
enroliment application ¢s mailed until the unit receives the course.

Example: Eastern U.S. - Enroliment application 3 days mailing time to MCI + 5
work ing 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

HAWATI (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 @ «ace- EXCELLENT = eco-e A 94-100
B 86-93 @ ceee- ABOVE AVERAGE -ee-. B $6-93
c 18-85 = ecee. AVERAGE = weee- C 18-85
D 1077 = eae-e BELOW AVERAGE ===~ D 65-77
NL BELOW 70 eem== FAILING = = «cc-. F BELOW 65




You will receive a percentage grade for your lessons and for the final
examination, along with a reference sheet (MCI R69), indicating the questions
incorrectly answered. A1l lessons must be COMPLETED AND PASSED before you
will be ad:ﬂnistered an exam. The grade attained on the final exam {s your
course grade.

5. FINAL EXAMINATION

ACTIVE DUTY PERSONNEL: When you submit your LAST LESSDN, your exam 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 1t must be validated by the
administrator.

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

e

The completion certificate will be mailed to your commanding officer. For
non-Marines, it 15 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 1isted in the “Course Introduction* and
are only awarded upon successful completion of the course. Reserve retirement
credits are not awarded for MCI study performed during dril) periods {f
credits are also awarded for drill attendance.

8. DISENROLLMENT

Only your commanding officer con request your disenroliment from an MCI
course since this action will adversely affect the unit's completion rate.

9. ASSISTANCE

Consult your training NCO in the event of course cont:nt problems. If he
1s unable to assist you, MCI s ready to help you whenever you need 1t.
Please use the enclosed Student Course Content Assistance Request (T&E-1) or
call the Autovon telephone number 1{isted below for the appropriate course
writer section.

PERSONNEL/ADMINISTRATION/LOGISTICS/CORRECTIONS 288-3259
COMMUNICATIONS JELECTRONICS/AVIATION/NSC 288-3604
INFANTRY 288-3611
ENGINEER/MDTOR TRANSPORT/UTILITIES 288-2275
SUPPLY/FO0OD SERVICES/FISCAL 288-2285
TANKS/ARTILLERY /SMALL ARMS REPAIR/AAY 288-2290
For administrative problems call the MCI Hotline: 288-4175

For comercial phone 1ines, use areas code 202 and prefix 433 {nstead of
288. .
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10, STUDY RINTS

By sorolling in this course, you have
showp o desire to improre the skille you
aeed for effeciive Job parformance, and
MCT hae provided meteriele to help you
achieve yowr goal. Now all youaeed &
to devalop your owo methad for weing
these materials to beot advasiage,

The following guidelines present o four-

part epproach to completing your MCI
courst successfullv:

@ Make ¢ *‘reconnaissance’ of
your materiale;

@ Plan your study time and shoose
o good study environment;

@ Study thoreeghly and system-
stically:

@ Prepare for the floal exam,

6. MAKE A “RECONNAISSANCE* OF
YOUR MATERIALS

Begin with o look at the couree
fotroduction page. Read the COURSE
INTRODUCTION to get the *big
picture’’ of the coures. Theo read the
MATERIALS section near the bottom of
the page to find cut which text(sy and
study aide you should have received with
the coures. W any of the lsted materiale
ore miseing, see paragreph | of this
pamphist to find out how to get them. I
you have sverything that ls listed, you
ere ready to ‘teconnciter’ yow MY
couree,

Nead through the tedte(s) of contents
of your texi(e), Rote the various sudjects
covered in the course and the order in
which they ere taught. Leaf through the
wrxt(s) and Look et the {liuetrations.

Reod o fow lessco questions to get an

ideo of the typeo that ore asked. ¥

MCT provides other study eide, such 08

o olide rule or o plotting board, famillerize
yourself with them. Now, get dowp to
epecifice!

MU=—C6H <VUC=in

®. PLAN YOUR STUDY TIME AND CHOOSE
A GOOD $TUDY ENVIRONMENT

Prom looking over the course materials,
you should have some idee of how much etudy
you wiil need o complete this souree, Mgt
*somes ides*’ le not encugh. You 0eed to
work up o personel etudy plan; the following
steps should give you some belp,

(@ Got o calender and mark those days
of the week when you have time free for otudy,
Two study periode per week, each lasting 1
to 3 hours, arc suggested for completing the
minimuwm 1 W0 lessone Tequired sach menth
by MCL. Of course, work and other acheduies
are 80t the ssme for sveryone, The impor-
tant thing {s that you schedule & regulsr time
for study on the same days of aach week,

Read the course iatroduction page

+ The section marked ORDER OF
STUDIES tells you the sumber of lessons in
the course and the spproximate somber of
study bours you will aeed 0 complete sech

lesac, re into your
chedule, you oot ¢ two

3-hour study periods each week and the ORDER
OF STUDIES estimates § study hours for
your first lesson, you could easily schedule
and compliete the first lesson in cne study
period. Oun your calender you would mark
“Lasson 1° on the apprepriate day. Buppose
that the second lesson of your course requires
3 study hours. In that case, you would divide
the lesson in half and work on each talf
during o separete study period. You would
merk your catender sccordingly. Indicete on
your calendar exactly when you plan to work
on each lseson for the entire course. Do not
forget to acheduls 0ne or two study periode
to prapare for the final exam.

BEST COPY AVAILABLE
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@ stick 1o your schedule.

Besides planning your study tima, you
should slso choose 8 atudy snvironment that
ts right for you. Most people need » quiet
plece for study, ilke 8 library or ¢ reading
lounge; other people atudy better where
there is background musie; still others prefor

to study out-of-doors. You must choose your

study environment carefully so that it fits
your individusl needs,

¢. STUDY THOROUGHLY AND
SYSTEMATICALLY

Armed with s workable schedule and
altuated in s good study environment, you
are now ready to stiack your course, leseon
by lesson. Yeou will find your first study
assignmeht and your first written ssaignment
on page | of lesson 1. On this page you will
ateo find the lesaon objective, » slatement
of what you ghould be able to do alter com™
pleting the assignments,

DO NOT begin by reading the lesson
questions and flipping through the text for
anawers., {f you do so, you will prepare
to fail, not pess. the final exam. lostead,
proceed as follows:

@ Read the study ssaignments care~
fully. Make notes on the idess you feel are
important and mark any portion you have
difficuity understanding,

@ Reresd the portions you marked
tnetep (D) . Wheo you have mastered
the study ssaignment, start to wort: oo
the writteo assignment,

@ Read each question ia the written
assignment carefully.

(® Answer 11 questians thet you sre
sure of and lsave the others blank.

® Reread the portions of the stedy
ssaignment that sxplain the items you left
blank.

Complete the writien sscignment and
send it to MCT for grading.

@ Go on to the next lassen,

Follow the sams procedure for each
lsason of the coures. I you have problems
with the text or lesson quastions that you
cannot nolve oa your own, ask your section
OIC or NCOIC for help. U ha cannot eld
you, request gasletance from MCI on the
MCT Student Course Content Asslstance
Request Included in this pamphlet,

When you have passed the final lesson,
the final sxam will be sent to your training

officar or NCO,
4. PREPARE FOR THE FINAL EXAM

A

Il

o

|

How do you prepare for the fins! exam?
Follow these three ateps:

(@ Review each leason objective aa 8
summaty of what was taught in the course.

}) Reread all portions of the text that
you found particuleriy difficult,

® Review sl the leason questions,
paying apecial sttention 10 those you missed
the firet time around.

1t you follow these simple steps, you
should do well on the finsl. COOD LUCK !
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UNITED STATES MARING CORPS
WARINE CORPS INBSTITUTE. MARINE BARAACKS
aox 1778
WASHINGTON, 0.C. 20013

AUTOMOTIVE FUEL AND EXHAUST SYSTEMS
Course Introduction
AUTOMOTIVE FUEL AND EXHAUST SYSTEMS is designed to provide coverage of the
conatruction, operation, malfunctlon diagnoais, maintenance and repair of the fuel and exhaust
systems used in Marine Corps vehicles, This course ia for Marines in the grades of private
through sergeant In MOG's 3521 and 3522,

ORDER OF STUDIES

Reserve
[.esB80n Stady Retirement
Nwiber 1lours Credits Subiect Matter
1 2 0 Fundamentala of Gasoline Engine Fuel Systems
2 2 1 Maintenance of Gasoline Engine Fuel Systems
3 2 1 Fundamentals of Compreasion-Ignition Fuel
Systeme
4 2 0 Maintenance of Compressgion-Ignition Engine
Fuel Systems
5 2 1 Construction and Operatlon of Exhauat Systems
2 1 FINAL EXAMINATION
12 4
EXAMINATION: Supervised (inal examination without textbooks or notes; time limit, 2 hours.
MATERIALS; MCT 35.25a. Automotive Fuel and Exhaust Systems.
l.esson aheets and answer gheets.
RETURN OF Students who successfully complete this course are permitted to keep the
MATERIALS: course materiala,

Students disenrolled for inactivity or at the request of thelr commanding
officer will returh all course materials,




PREFACE

This cour8e has heen degigned .o nrovide sergeants and helow, in MOS's 3521 and 3522,

with a source of study material on the automotive fuel and exhaust aystems utilized in vehicles
in the motor tranaport field,

SOURCE MATERIALS

TM 9-8000 Principles of Automotive Vehicles, Jan 1958

TM™ 9-2320-211-20 Truck, Chagsig, S-ton, 8 x 8, Jun 1973, w/ch 2, 20 May 78

TM™ %-2320-211-35 _Truck, Chassis, S-ton, 6 x 6, Sep 1964, w/ch §

T™t 4-2320-218-20 Truck, Utility, 4 x 4, M151, M151A1, M151A2, Sep 1971

w/ch4, 1 Dec 75

T™M 0-2815-210-34 Engine Asaembly. Diesel (Multifuel): Naturally Aspirated
or Turpo Chargeds Fuel-Injected, Water Cooled. & Cylinder
June 1978

.
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Chapter 1
FUNDAMENTALS OF GASOLINE ENGINE FUEL SYSTEMS
1-1. INTRODUCTION

A typlcal gasoline fyel system conalsts of the fyel 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 atudy unit will start with the whole fyel aystem and
then go on to the specific parts in the order listed above,

1=2. THE FUL SYSTEM

u. Purpese, The fuel system stores liquid fuel and dellvors it to the engine. In mai 7 ways
u gasoline engine fuel system can be compared to ¢ simple water supply system (fig 1-1). Notice
in the iluatration that both ayatemsa contain componenta that store and deliver fluids.

COMPARISOW OF A SIMPLE WATFR SUPPLY SYSTEM TO
A GASOLINE ENG.ME FUEL SUPPLY SYSTEM

P rg,
(102 °
:li:ajlmlmlm-
-
T3

Fig l=1, Fyel supply cystem.

b. Components. Although the location of components may vary according to the type of vehicle,
each fuel system will contain apptoximately 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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1=3, THE FUEL TANK

a, Purpose, Fuel is atored in the fuel tank, the location of which 18 not too important. You
will see many vehicles, especially the heavy trucks, tha® have fucl tantks mounted on either or both
sides in front of thr rear wheels, Scwe tanks will be located under the driver’s seat.

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

(1) M-151, 1/4=ton truck fuel ;%..k (tig 1-3), This tank {s coateq inaide and out to prevent
ruast, The coating used .8 ¢ terneplate, which is an alloy of tin and lead. A funnel-
shaped gcreen normally fits inside the filler peck on military vehicles to tilter lotrain)
the gasoline before it enters the tank, Such a screen {8 not usually found in the fuel tanks
of civilian vehicles, The 9creen 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, 80 the filler neck and all other openings in the tank
must be waterproof, (Figure 1-3b showa an exploded view of the M-151A2 fuel tank.)

Fig 1-3A. M-151 fuel tank. Fig 1-3B. M-151A2 fuel tank.

(2) Fuel tank for 2 1/2+ and S-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 {a a seriea of baffle platea, The purpose of these plates {e to strengthen
the tank and to reduce the sloshing around of the fuel. Fuel will evaporate rapidly if it
iloshes around in a cantainer, especially in hot weather. Furthermore, the sloshing
fuel can generate astatic electricity, and a spark in the fuel tank gan cause an explosion.
The baffles do, however, allow the fuel to move from one section of the tank to another
through notchea ur holea 1n the plates The outlet pipe, which 1a also called a pickup tube,
is usually inatalled through the top or the side of the fuel tank, The bottom tip of the pipe
iz placed about (me half of an inch rbove the bottom of the tank to reduce the chances of
picking up water or trash., Often the tip end of the pipe 15 shielded by a acreen or some
other type of fllter to keep the trash from entering the tank ouilet tube,




Fuel Hine plokup
00 nd

outist fitiing

Fuel Hne pickup

Fig 1=4s Fuel tank for 2 1/2= and S-ton trucks.

ce Ventilation (fig 1-5)s All fuel tanks must be vented 8o that air from the outside can fill up
the ﬂpac_el?h_F;'E{ho fuel as it is drawn from the tank, The vent aleo allows any alr in the tank

to escape if the fuel in the tank expands. The fuel will always expand {take up more room) when
the vehicle 13 left standing in the hot sun, On most civillan vehicles the tank {s vented by a small
hole in the gas tank caps 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 fs which because the vent tube {8 smaller than the fuel plemup
tube, (Fig 1-5B shows the fuel tank with vapor canister and vapor ventlinea for emission control
vaed on the M-151A2 (clean alr engine)). The fuel tanks on all military vehicles aleo include a
fucl gage sending unit {flg 1-6) which |8 connected by an electrical wire to the fuel gage on the

vehicle Instrument panel. The gage I8 often thought of an o part of the fuel system and not of the
fuel tank.
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Fig 1-5A.  Fuel tank ventliation. Fig 1-58.
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Switch

Battery

Sending Unit

Fig 1-8. Fuel gage.

1-4, MAIN FUEL LINE

Fuel from the tank 18 delivered to the engine compartment bv the majn fuel Hne, This Line
13 usually made from copper or steel tubing and 2 gecured to the .rame by clamps or clips to reduce
the chances of hreakage. At the engine compar ment, a flexible hose 18 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 tragh.
I'or thls reason, fuel filters are located somewhere between the fuel tank outlet pipe and the
carburetor. Often the filter 18 located between the fuel pump and the tank, On some vehicles the
filter 15 placed inside the tank where it can filter the fuel before it enters the outlet pipe,

c. Functlon, A ccmmon type of filter that 1s connected in the fuel line 18 shown in figure 1-7,
The cover or top contains the inlet and outlet passages. The strainer (ilter element) 18 made of
round metal disks set very close together. A sediment bowl encloses the filter element and 18 sealed
against the cover by a gasket. During operation, fuel flows into the sediment bowl through the
inlct passages {n the cover. Once inside the bowl, fuel passes hetween the disks inty the center of
the element and on through the cover outlet passage. Pleces of trash or particles of dirt that enter
the filter are too large to Pass hetween the diskss They are stopped at the ocuter edge of the disks
and then drop to the bottom of the sediment bowls This filter will also trap water. Water in
gnsoline usually forms into small balls or droplets that are too large to pass between the disks, so
they. too, fall to the hottom of the sediment bowl, The water and trash that collect in the sediment
bowl can be removed by unscrewing the drain plug in the hottom of the bowl, Other filters functlon
in 0 almtlar manner hut may use a ceramic filter element or one made of some other material.
Moust filter elements can be removed for cleaning.
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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 must 5eﬁver enough fuel for engine operation regardiess of how heavy the load is. In addition,
it keepo the fuel in the line between the carburetor and pump under pressure. Pressure in the line
reduces the posaibility of the fuel vaporizing (bolling) due to the heat from the engine,

b, Types, Fuel pumps are genorally clossified either as poaitive or nonpositive.

(1) Positi fuel pump, The positive type will pump fuel continuously any time the engine
ia ﬁ :'fﬂ-e type % pump must have some means of bypassing the fuel that the engine
does not use. Vehiclee with positive type pumpa usually bypase excess fuel back to the
fuel tank or to the inlet etde of the fuel pump, When the pressure in the fusl pump to the
cerburetor line exceede a sot amount, the bypase yalve will open and allow the sxcegs fuel
to return to the fuel pump,

(2} Nonpositive type fuel pump {tig 1-8), The nonpositive type pump supplies fuel only when
it 19 needed, Therefore, a fuel bypass i3 not needed with this type of pump. The fuel
pump most Widely used on wheeled-venicle gaeoline engines is the nonpoeitive diaphragm
type, This type of pump is usually operated mechanically by the engine. The operating
linkage uf the pump consists of @ rocker arm, a link, and e spring. A flexible, rubbere
like diaphragm 1s hooked to the link by a rod, The diaphragm is clamped at ils outer
edges hy the two halves of the pump body. The pumping chamber i6 the area between the
dlaphragm and valve assemblien,

1«5
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Fig 1-8, Nanpositive«type fuel pump,

The fuel pump ia mounted on the engine with its rocker arm in contact with an eccentric
(off center) cam on the engine camshaft {fig 1=8), As the eccentric turns, it forces the
rocker arm and link to pivot {turu) 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 vaounm (suction} in the pumping chamber,
In tho meantime, air entering the fuel tank vent et atinospheric pressure is pressing down=
ward on the fuel in the tank, The atmoupheric pressure forces the fuel to flow from the
tonk, 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 o low pressure area,

CUEL PUMP-INTAKE STROKE

CAMNAFT
Ll 1LY

Fig 1-0, Fuel pump--.intafte stroke,

When the eamshaft eccentric rotates 180%, It no longer pushes the rocker arm down

{f12 1-10), The rocker arm gpring then forces the rocker arm to pivot on its pin in the
opposite direction, The compressed diaphragm spring now pushes upward putting pressure
oh the fuel in the pumping chamber, The pressure created by the diaphragm spring closes
the Inict valve and forces fuel through the outlet valve to the carburetor bowl, The diaphragm
15 naved up a~l down again until the carburetor bowl la filled with fuel, When the carburetor.
howl 14 fllled, the flow of fuel to the earburetor i8 blocked by a needle valve in the carburetor,
I'his eauses n back presaure in the fuel dlacharge line and in the pumping ohamber, The
diaphitsgan now has full back preesure on top of it and disphragm spring pressure below,
When the fuel pressure s the same ns that of the compressed spring, the disphragm will
stop in its intake position {down), At this time the rocker arm stiil pivots up and down,
follswing the eamphaft eccentric, However, the roekezasn will no longer move the link,

leg
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because they are tWo eeparate pleces. The rocker arm ocan 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 preesure in the discharge line 18 relieved, This allows

the diaphragm spring to push the disphragm up, forcing more fuel into the carburetor past
the opened needle valve. As the eccentric rotates, it causes the dlaphragm to be pulled
dovm again and pumping i resumed.

FUEL PUmMP-DISCHARGE STROKE

oUner

Fig 110, Fuel pump-~discharge stroke,

Vacuum bongter fuel {fig 1=11), Some mechanically operated fuel pumps have
vaouum punsp 0 O a vacuum boogter), The purpose of the vacuum pump is to assiat
in the operation of the vacuum=operated windehield wipers, When an engine 18 being
accelerated or 1s being operated under load, the engine manifold vacuum 18 not strong enough
to operate the wipers, At this time the fuel pump vacuum booster furnishes vacuum 0

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 gther 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 1=11. Vacuum booster fuel pump.

BOWL, SCRIW

The outlet {fig 1=12) of the vacuum booster §8 connected to the intake manifold and the inlet
{8 connected to the wiper motors When the wiper motor is operating and engine vacuum is
low, spring pressure pushes ihe vacuum booster diaphragm down creating a low pressure
area in the pumping chamber. Afr passes through the inlet valve into the vacuum pumping
chamber,

The rocker arm then pushes the diaphragm up {fig 1=13), forcing the air through the
outlst valve and into the intake manifolde This upward movement of the dlaphragm
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 18 high when the engine throttle s closeds With a high vacuum in the
pumping chamber, air entering through a vent below the dlaphragm will push the
diaphragm up and compress the diaphragm spring, The diaphragm will ramain in this
posftion (almost still} as long as the manifold vacuum remains high,

Opening the engine throttle caunses & drop in manifold vacyuum. ‘The loss of vacuum causes

the booster diaphragm to operates It is this feature that allows the winer motor to operate
during acceleration and full throttle loads,

20




yalug pOOSTER
Yatyum 800MTE BISCRARGE SheonE
INLAKE SInOaL '
¥
LU LI \’ . . ot . n st ": [l L '
brd RN Ve U
ELLy T ! i m.l lII
it : Ol-u::-:-h ...d L UL . i L L “(.'“ “.‘.“':L L} “
i) ’
\f-;":_"/‘- B
fl.l’ ) ' ;.'. ! \\
o ar '/J’ b ‘(o A
b
Fig 112, Vacuum booster=~intake stroke. Fig 1-13, Vvacuum booster--discharge stroke.

{4 Electric fuel pumps, There are two types of eclectric fuel pumps commonly used in
military vehicies. Theee pumps are operated either by an electric motor or a solenold,

(2) Electric motor driven fuel pump {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 s supplied by either the battery or the generator whenever the ignition switch
is closed, The armature used in this pump looks Hke a minlature starting motor
armature, It is mounted vertically in the fuel pump housing,

Fig 1-i4, Electric fuel pump,

In figure 1-15, notice the impeller (K) on the bottom of the armature shaft (B), It is
attached to, and rotated by, the armature shaft, Item F in figure 1-15 s a acreen
through which the fuel enters the pump. When the pump is operating, the blades on the
spinning impeller hurl the fuel toward the fuel dlacharge port, This port ia connected
to the main fuel kine that delivers the fuel to the carburetor. Although the pump is in
constant operation whenever the ignition awitch is cloeed, it does not flood the carbu-
retor with high pressure fuel. Because of the apace provided around the impeller, it
cannot build up more than 5 or 6 pounds of pressurc on the fuel. When the pressure
gets that high, the fuel in the circular pasesge around the impeller merely goes
around with the impeller. No fuel will leave through the dischargs port until the
preasure in the discharge line draps to less than 5 or 6 pounds per square inch {psi).
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Fig 1=-156, Cutway view of the electric=-motor=driven fuel pump,

&) Solenoid-type fuel « The solenocid type of fuel pump has a hollow steel plunger
fitted inelde & brass oy%nder. The fuel inlst and outlet valves may be mounted in the
bottom of the cylinder, or they may be located in the plunger itself, When no current
1s flowing in the coll of wire surrounding the cylinder, the plunger is held in the bottom
of the cylinder by the plunger epring. This type of pump 15 also commonly called a

" plunger-type pump.

When the ignition ewitch is cloged, current 1s eent through the coil of wire around
the cylinders The magnetic field created by the coll pulls the plunger up, compreseing
the plunger eprings 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 opene a set of contact points
that ave in seriee with the coll, The eircuit through the cotl 18 broken when the points
open, and the magnetic field collapses which causee the compreased plunger epring to
pusih hack to the bottom of the cylinder,

The downward movement of the plunger cloges the fuel inlet valve and opene the
outlet valve. The fuel trapped below the plunger e forced out of the cylinder, past the
outlet vaive, and into the fuel line leading to the carburetor. If the carburetor 18 full,

{te needle valve closes and blocke the fuel outlet line from the pump, This action ereatee
a back preeeure in the fuel outlet 1ine, When the back pressure equals the pressure
exerted by the plunger epring, the dovwnward movement of the fuel pump plunger in its
cylinder ie stopped. The pump then stops pumping fuel until the back preasure in the tuel
line drope, Like the diaphragm epring in the mechanical nonpositive tyel pump, the
strength of the plunger epring in the solenoid pump will determine the amount of back
presgure in the fuel discharge line,
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1«7, AIR FILTERS

As you already know, a mixture of fuel and afr 18 bummed inside the engine cylinder during
the power atroke of the engine, Mixing the fuel and air 18 one of the funcetions of the carburetor.
You have already seen how fuel 18 eupplled to the carburetor, but before you study how it operatee,
you ehould know tnore about the afr supply eystem.

a, Pu e, The afr cleaner used on intermal combustion engines eerves three purposeet it
filtera the % to remove dust and dirt before the afr enters the carburetor, it acts as o fiame
arrester to prevent fires in case the engine backfires, and t acts a8 a muffler by reducing the
hiseing noisee made by the air entering the carburetor at high rates of speed,

b, Typee, Air cleaners are generally classified a8 either wet or dry, depending on what is
used to filter the alr.

{1) Wet {fig 1-16), The wet=type is usually called an oil bath air ¢cleaner. Alr entere
the filter at the top outer edges and flows down the sides aver a bath of oil, The af.flow
then reverses fts direction and moves up through the filter element and to the carburetor.
A8 the alr suddenly changes {ts 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 ofl, Lighter particles are trapped in the meta] gauze filter element, Asg
the airflow reverses {is direction above the oil reservoir, it picks up an ofl mist from the
oll bath to keep the fllter element soaked,

Fig 1-16, Wat-tqpe air ¢leaner,

{2) Qg;tm (fig 1=17), Some dry~type air cleaners may use a metal gauze or paper filter
eletnent, Othere use the prinoiples of centrifugal force and inertia where swirling motions

and sudden changee in the direction of airflow separate the dust from the air. In the

dry-type filter that has a replaceable paper eletment, air firet enters an outer chamber
around the filter element and is then filtered through amall holes in tbe element before
entering the carburetor,
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Fig 1~17. Dry~type filter.
1-8, CARBURETION

8. Vsporizstlon, Ae you have already seen. liquid gasoline {s sent from the fuel tank to the
carburetor, Ib order to burn properly the gasoline must be thoroughly mixed with air, To do
this, the gsaoline muet be vaporized.

When liquid changes to & vapor, it evaporates in the air. Boiling water is 8 good example
of vaporization. As the water bolls, it steams. Steam {8 made up of Uquid in the smallest
particles in which ft can exist. Each one of these small particles of liquid {v called & molecule,
Thege particles (or vaper) mix with the surrounding air, ’

Several things determine how easily a liquid will vaporize or evaporate, The nature of the
lquid fteelf is one factor. For instance, it ie a well kinown fact that alcohol, which ie lighter than
water, vaporizee more easily than water. Likewise, gasoline, which fe also lighter than water,
vaporizes more easlly than water.

A eecond factor controlling vaporizstion s temperature. Higher temperatures will cause
Uquide to vaporize fgoter. An example of this {8 water turning to eteam when it is bolled.

Ancather factor controliing vaporization {e the amount of vaporized liquid already fn the air
(hamidity)s This i8 better underetood by thinking of the air as a eponge. When a dry eponge is
plsced in a pan of weter, it begins to ao k up {(absorb) a lerge amount of water very rapidly. But
as the gponge begins to get soaked, it absorbe water more slowly. Finally, it reaches s point
where it will not absorb any more water, Air acto in the game manner. If yo. aear the weatherman
98y that the humidity {e 100%, he means the air has soaked up ull the molsture it can hold at that
temperature.

A iiquid can be mgde to vaporize more rapidiy by breaking it up into emall drops, This
can be done with an ordinary spray gun {fig 1~18), Bresking up a lquid into amall droplete ia
called stomizing the liquid. When a liquid is atomized, the air eurrcunde sl of the smali drope.

In this way, more of the liquid fe 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 apray gun,

Gasoline that §s not vaporized does not burn. Only gasoline vapors burn. All the fuel in an
engine’s cylinder should be burned before the end of {te power stroke, Fuel thnt {o still in iquid
form 1s wasted. Some of it may go past the platon into the crankcase and mix with the oll, This
can cause damage to the engine bearings becauge the gasoline will dilute the ofl., The fuel that
{s left in the combustion chamber will be dlecharged through the engine’s exhaust system. Some-~
times warm air that containse a 1ot of vapor comes in contact with a cold surface or some cool
air. This Will cause some of the vapor to change back into & liquid. This change is cailed
condensation {fig 1~19),

Fig 1-10. Condensation.

Casoline fuels are biended mixtures that are mostly refined frem crude oil, Par{ of the
mbxture vaporizes at low temperatures for cold engine starta, Other parts of the mixture
vaporize better as the engine warms up, Since highly volatile {easily vaporized) gasoline will
burn quickly, the burning rate i{s slowed down by adding enother substance to the fuel mixture,
usually tetraethyl lead (fig 1-20), If fuel burne too rapidly, its energy or power is released very
suddenly, This 19 like striking the top of the pisten with a bammer. 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 paris,
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Fig 1-20, Fuel mixture,

Octans numbers are assigned to different grades of gasoline. These numbars tell how fast
the gasoline will burn, The octane rating of a gasoline blend (mixture) ie determined by laboratory
methode. 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 venturt action (fig 1«21). The main job of any carburetor is to supply the right
mixture of air el for all engine epeeds and load onditions. To understand how the carburetor
doea this job, it is necessary to understand the principle of a venturi,

The venturi is an hourglase~shaped restriction that iv placed in the airflow passage (also
called the throat, bore, or barrel) of the carburetor. Normally, the gir flows rapidly through the
throat of the carburetor on its way to the engine cylindere. When th” .ast=moving air reaches the
venturd, it must speed up in order to get through the restriction, Thus pricdiple also applies to the
nozzle on a water hose, The nozzle itself ie a restriction. The water speed increases as it leaves
the hose and pasees *hrough the nozzle, That is why a stream of water leaving the nozsle will travel
farther through the alp than it would if there were no nozzle on the hose,

When the alr apeed increasea in the venturi, however, there 18 a drop in the alr pressure.
The fastar the alr moves, the movre the preassure drops. The important thing to remembar about
a venturd e that for any increase in the epeed of the air (or water) flow, thare is a decreaes in
pressure. The predsure of the air entaring the air horn {mouth) of the carburetor 1s about 14,7
pounde per gquare inch (psf). This is normaf atmospheric (alr) pressure at esa level. Notice in
figure 122 that the top vacuum gage connects to the airetream above the venturi, Here the drop
in afr preesure fe elight. The gage that ie connected to the airétream in the vent 'ri, however,
ehows a coneiderable drop in the alp pressure, The bottom gage shows some drop in pressure, but
not 88 much ae {8 in the venturi,
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Fig 1=21, Veanturi action. Fig [-22, Air pressure ft the venturt,

In a stmple carburetor, the gasoline is stored in the float bowl, A pasaage in the bottom of
the float bow! teads to a dlecharge nozzle that 15 focated in the center of the venturi, When the
engine {5 running, each piston acts like an air pump during its inteike stroke. A low preseure apea
or vacuum is created in the engine cylinder, and outside air rusi.es through the carburetor bore
to fill the low pressure area above the pieton, Notice in figure 1«43 that atmospheric preseure 1s
pushing down on the fusl in the float bowl. Notice too that the discharge nozzle in the venturi ie
pluced above the lavel of the fue} in the bowl, When the air rushing through the venturi creates a
low pressure area at the tip of the fuel nozgle, the atmospheric pressure on the fus! in the bow!
will push fue! out through the tip of the nozzle. Gasoline leaving the nozzie and entering the aiy-
stream 1s broken into small droplets {atomized) by the fast-moving air.

Fig 1-23. Simple corburetion.
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¢. Carburetor circuits, Most carburetors have a total of tive circuits, or passages, through
which the fuel can flow to the venturi or to other points in the carburetor bore, Theae circuits
let the carburetor make changes in the amount of fuel that is being mixed with the alr. Thia i8
necessary because oifferent engine operating conditions require different fuel-air mixtures. The
five carburetor circuits ave: the float circuit, the low=apeed circuit, the high-speed circuit, the
accelerating pump cireuit, and the choke cireuit,

The amount of alr that 18 mixed with sach part of fuel 18 called the air~fuel ratio, The air-
fuel ratio 15 stated as the weight of one part compared to the other part in the mixture in poun .,
For example, 15 pounds of alr mixed with 1 pound of fuel 1s an air-fuel ratio of 15:1. The miture
18 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 crulsing speed is about 16:1, When more power is
desired or when the engine 18 at an idle, a richer mixture suoh as 13:1 or 12:1 18 required,

Probably the most important contrel that the carburetor needs 18 a devics for changing the
amount of air-fuel mixture going to the engine. Without such a control there would he no way of
changing engine speeda, This controlling device 18 the throttle valve assembly, which is a round
Nat valve mounted on & shaft {ig 1 =24)s The throttle valve and shaft are placed near the bottom of
the carburetor bore and in the path of airflow. The throttle valve shaft 18 connected by linkage
to the accelerator pedal in the driver’s compartments When the accelerstor pedal is pushed all
the way down, the throttle valve is wide open, The air-fuel mixture Nows freely by the valve and
the engine is allowed to produce its greatest power and speeds When the engine is at idis speed,
the valve 18 ailmost closed, {Only a small amount of air 18 allowed to pass the valve at one time,}

Fig 1-24s Throttle valve assembly.

1) ... loat cipcult, The fuel in the carburetor bowl must be Fapt at the same level any time
the engine 18 running, If the level 1a too high, too much fuel will be discharged through
the nozzle causing the engine to use too much fuel and large deposita of sarbon may form
in the cylinders, If the fyel lovel 18 too low, the mixture will be too lean to Operate the
engine properlys The float circult keeps the fuel at the correct level

The Noat circuit conaists of a Noat hinged at one side of the carburetor bowl and
posttioned so that it will operate a needle valve to open and close the fyel inlot, Fuel
under pressure from the fuel pump enters the carburetor bowl at the fuel {nlet, When
fuel enters foster than the engine con use it, the bowl fills up, This causes the float to
rise ond push the needie valve into ita Peat, shutting off incoming fuel, As the engine
uses fuel, the fuel level in {1e bowl drops and the float lowers, The needle valve opens
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and more fuel §9 allowed to entor (fig 1-36)s In actual operstion, the needle valve ie very
sefdom closed. Instead, it stays open just enough so that a halance ie maintained on the
fuel coming into the bowl and the fuel used by the ongine,

A vent 18 located in the top of the carburetor bowl, This vent ia nerded eo that air
preasure will alwaya he present on the fuel inside the carburetor bowl. On military
vehioles this vent 1s usually oonnected to the ineide of the carburetor air hom or to the
air cleaner,

. ]
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Fig 1-25, Float ofrcuit.

The low-apeed circuit {fig 126} When the throttle §8 aimost closed, the amount of air
flowing the oarbureior bore ie 80 small that there 19 practically no vacuum created
in the venturl, Therefore, 00 fusl flows from the nozzle in the venturi, The low-speed
oircuit suppliea fuel under these conditions.

With the throttle cl08ed, the ongine oreates a high vacuum below the throttle valve
because the valve ftself acta a8 & restriction. The low-epeed circuit has an idle discharge
hole that is below the throttle valve. The higher air pressure on the fuel in the carburstor
bow] pushes the fuel to the vacuum at the idle discharge hole. Notice in figure 1-26 that
e small air bleed hole §e located at the tip of the low=apeed oircuit passage. It lets air
bleed into the ofrcuit and mix with the Jasoline. This helps atomize the fuel before it
leaves the idle discharge port, Notice aleo that an adjusiing needle vaive is placed at the
fdle discharge hole. Turning this screw will change the richness of the idle mixture,
Turning the gerew in cloges the hole and allowe lese fuel to flow, With less fyel flowing,
there i9 a leaner mixture. If the sorew 18 tumed outward, more fuel flowsiand the mixture
ie richer,

Opening the throttle a little above idle speed allows more air to paas the throttle
valve, However, there ie still not enough air passing through the venturi to get fuel to
flow through the main discharge nozzle. Becauge more air is passing the throttle valve,
more fuel must be added to keep the mixture correct, To let more fuel in, a low~aspeed
diacharge port §s added just above the idle diacharge hole. As the throttle 18 opened
elightly, its edge moves above the low-speed discharge hole. More fuel enters the
alretream because it can now pass in through two diacharge holes. In some carburetors a
long discharge slot 18 used instead of holee,
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Fig 1=26, Lowespeed oircuit,

(3) The highespeed circuit (fig 1=27), The high~speed circuit {ncludes the venturi, *the main
nozzle, the high=epeed jet, Usually more than one venturi is used in a carburetor,
with one placed ingide the other, Notice the three venturi in the {llustration, 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 1s drilled to an exaot
size in order to meter the fuel flowing in the high-speed circuit (fig 1-27),

Fig 1-27, liigh=speed clrouit,

The operation of the high« and lowespoud circults overlaps, As the throttle is
moved, each circuit continues working until after the next one begins, If there I8 no
overlap between these circuits, the engine will run roughly or even try to stop at certain
throttle positions. This condition, if it ccours, ia called a flat apet in the carburetor,

When the engine is operating at oruising speeds, an air-fuel mixture of approximatoly
15:1 ie being furnished for good sconomy and reasonaoble power, A power system in the
high-speed circuit can enrich this mixture If necessary. This system will provide power
in erder to climb a hill or to operate at high speed. T wo types of power systems, called
the power jet and the metering rod, are commonly ueed,
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(4 The power-jet system (fig 1=28), In the power=jet system, the pewer jet valve is centrolled
y & vacuum platon. When the throttle is closed, manifold vacuum {s highs The vacuum
piaton 18 moved up agsinst spring pressure and the power~jet valve 18 olosed. 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 apring pressure. This opens the power~
jet valve, letting fuel flow through the power jet. Thia fuel bypasess the high-speed jet
and increngea the amount of fuel delivered into the airstream by the main discharge nozzle,

Fig 128, Power-jet system.

Metering roda (fig 1-28) are usually operated by llnkage connected to the throttle vaive.
The rod has several 6teps or tapersa on its lower end that pass through the high-

apeed jet. As the throttle is opened, the rod is lifted. loaving amaller 6teps In the

jet. This ullows more fuel to pass through the Jets enriching the mixture.

IPig 1-29, Metering rods,
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(5) Accelerating pump circult, Assume that a vehicle 18 moving down the road at a low rate

of speed, The throttle valve 18 practically closed, allowing only a emall amount of air to
pass through the carburetor venturi, The driver suddenly decides to Pase the car ahead,
He slame the accelerator pedal to the floor and the throttle valve 18 opened instantly, Alr
18 very light in weight, 8o it increases its speed through the carburetor very quickly,
Becauee the fuel 18 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 heeitate for an inetant,

To prevent this backfire or hesitation, the carburetor 18 equipped with an accelerating
pump circuit, This cireuit diecharges & small amount of fuel into the altstream for a
short period of time when the throttle ie suddenly opened, One type of accelerating pump
circuit is ehown in figure 1=30, 1t consists of & 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 airatream in the carburetor. When the throtile is closed, the
accelerator pleton 18 in the UP position, Ae the throttle 18 opened, the piston moves
downward, pressurizing the fuel in the pump cylinder. The pump fntake 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 hore. If the pump piston {8 moved down suddenly, the
fuel under it could not be immediately discharged through the amall discharge nozzle, For
this reason, the operating linkage does not push directly on the piston, Instead the linkage
compresses the pump spring, and the apring preesure moves the piston up, This feature
alows 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 increnses, The accelerating pump circuit refills with fuel when the throttle closes,
During the upward movement of the piston, the pump intake check valve opena, permitting
fuel from the carburetor bowl to enter the pump cylinder,

Other nccelerating pump circuite may operate differently. One type makee use of
manifold vacuum and spring preesure to operate the pump, Another type uses a pocket
of air between the pleton and fuel to eliminate the need for an accelerating pump spring,

DISCHARGE VALVE -_. VA PHTON

THROTTLE
SHAFT

Fig 1=30, Accelerating pump circuit,
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{6} Choke circuit {fig 1=31), A rich mixture {8 needed when starting and operating a cold
engine. Thie 18 because all the fuel supplied to the cylinders will not vaporize easily
when cold; therefors, a large amount of fuel is supplied in order to get enough vaporized
fuel for combuation. A choke circuit i9 used to supply the extra fuel. The choke {0 a
round flat vaive {similar to the throttle valve) placed in the carburetor alr horn above
the venturi, Closing the choke valve will create a high vacuum in the earburetor throat.
This causes large amounts of fuel to flow freely from both the low= and high=speed
circuite. Chokes may be operated manually by the driver or they may operate
automatically,

th 1«31, Choke clroult,

{a) Manual ¢ {fig 1-32), To operate a manual choke, the driver usually pulle a cable
that closes the choke valve., Closing the valve completely shule off the supply of air,
but remembe * { “soline muat have gome air in order to burn., The heeded air is admitted
by one of two different methodea,

One method is shown in figure 3 -3, The choke valve includes a spring-loaded
poppet valve., The poppet is normally held in the closed position by a weak spring, Ae
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soon a8 the engine la cranked, e very high vacuum le crested under the choke valve,
Thie ellows the higher outeide sir pressure to open the poppet valve, permitting air to
onter the engine cylinders. In the second method {fig 1-32) the valve 18 operated by
means of a colled spring on the choke shaft. With the choke cloged and the engine
cranking, alr pressure wlll overcome the spring tenslon and open the choke valve
alightly to supply some air. As the engine warms up, Lhe driver graduslly opcns the
choke to supply a leaner mixture,

Fig 1=32, Choke valve.

(b) Automatlc choke {fig 1=33), The automatic choke eltminutee the human element and
performs the choking operation automatically, It controls the alr-fuel mixture for
quick starting at any temperature. It also provides the proper amount of choking during
the entire wermeup period,

THERMOSTATIC COIL SPRING BAFFLE Te

n
1
TEEE)
)
ey
ey
e SNH--e-
- 3 1]
S O
1 ! : 2L
R b=
]t
|
™
- |
» - M i
: - ]
HOT l} INTAKE l
(FROM Ex| T MANIFOLOY VACUUM P1STON

Fig 1-33, Automatlc choke.

The aulomatle cheke has @ thermostatic spring and a vecuum platon to control
the poultion of the choke valve, The spring tries to close the choke valve when the

. 1-22 3 |




engine is cold, while the vacuum piston tries to open the valve. The choke valve {a
mounted off-center on its sheft to allow any inorease in air speed to aid in opening the
choke valve more. The operation of the automatic choke dependa on three factors:
temperature, intake manifold vacuum, and speed of the air paseing through the carburetor
throat. How the tamperature changes affect the thermoststic spring {8 shown in figure
134, As the apring 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 stsrted, vacuum from below the throttle valve is directed to the bottom of the vacuum
plston, High vacuum under the plston causes the plston to work against spring pressure
and partially open the choke, A small amount of air heated by the engine exhaust passes
through the choke houaing to heat the spring, allowing the choke to open as the engine
WATMS up,

Fig 1«34, Spring action of the automatio choke.

Different load conditions will alao cause the positions of the choke valve to change.
A decrease in manifold vacuum will allow the spring to close the choke against pressure
of the vacuum DPisten. An inereave in air speed through the carburetor throat will
force the choke valve open againat tenslon of the epring.

c. Multiple carburetors. So far we have discussed eingle-barrel carburetors only, However,
many carburetors, particularly those for engines with more than eix cylinders, have more than
one barrel, Each barrel of a two=barrel carburetor has its own low=- and high=speed cirouit,

If the carburetor has four barrels, at least two barreis will have low=apeed oircuits and an
accelorating pump circuit. There are separate throttle valves for sach 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 barre! 8 to eplit the air fuel mixture
delivery to different cylinders betweon semi-independent carburetora. For instance, constder an
8-cylinder, Vetype engine with a two=barrel carburetor. One baryel will take cave 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 tnanifold
woﬁ'l; be divided into two sections, with each section delivering the fuel~air mixture to four

Ccy. arse

d. Position of the carburetors Carburetors are often classified as up~draft, or side~-draft,
This clas%caﬁan depends on the oarburetor®s position in respect to the intake manifolde If the
carburetor {s mounted below the manifold, it is olassified as an up=draft carburetor. If it is
ahove the manifold, it s a down~draft, When the carburetor and intake manifold are at the same
level, the carburetor 16 classified 28 a stde~draft {fig 1=35).

Fig 1-35. Side~draft carburetor,

1«8, INTAKE MANIFOLD

a, Purpose, The purpose of the intake manifold is to supply vaporized fuel to the engine
cylinders, en gasoline 18 vaporized rapidly, a natural refrigeration (cooling) process takes
piaces This cooling process can be noticed by feeling the outaide of the carburetor throtile housing
while the engine is running. The housing feels cool even though all the surrounding parts are
warms This accounts for the frost that often collects around the carburetor and intake mantfold
during cold weather operation, The cooling action may cause the fuel vapors to oondenae into
lquid drops {f some means is not provided to prevent condensetion, Caroful construction and
design of the manifold will reduse condensation,

be Conatruction, The intake manifold should be ae short and as straight as possible to reduce
the posaibillty of the fuel condensing before it reaches the cylinderss To agsist in vaporizing the
fuel, some intake manifolde have a section called the hot spot that can be heated by exhaust ganes
fig 1-38), A valve that can direct the flow of exheust gases t5 the hot spot 16 placed in the exhaust
manifold. A thermostatic spring usually controls the operation of this valve, When the engine 18
cold, the valve directs gases into the hot spot, As the engine warms up, the thermostatic spring
{oses lts tension, and the exhaust gas pressure, aided by a weight, tums the valve 80 the hot gases
will not enter the manifold hot spot {#fig 1=-36), On some vehicles the heat control valve does not
have a thermostatic spring, When this is the case, the valve i3 manually set to the OFF,
INTERMEDIATE, or ON poaition, The correct esetting 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 instcad of the exhaust gases to heat the intake manifold.
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Fig 1=38, Manifold hot epot.
1=10, GOVERNORS

It has been proven that doubling an engine’s epeed will inoreass ite weoar rate about four times.
Many military vehiclee are equipped with a governor to reduce wear caused by exceesive engine
epeede, The two types of governors commonly used are the centrifugal and the air velocity
governore,

antﬂhgllﬁg:vemor. The centrifugal governor operatee on the principle that a moving
objoct will try to travel in a etraight line, In ite basic form a centrifugal governor has two weighted
arme pivoted or hinged on a apindle, 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 in comnected to tha throitle valve

by linkage, The spindle and weighted arme are rotated by the engine, When the engine reachee

the maximum epeed for which the govemnor fe set, the weights overcome the tension of the spring
and move outward, The governor thue limits the amounts of fuel mixture delivered to the cylinders,
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Fig 1-37, Centrifugal governor.

be The velocity or vacuum {tig 1=38)s The velocity or vacuum governor is operated
by the apeed or velocity of the air-fuel mixture as it passes through the carburetor and intake
manifold vacuum, This governor 18 m.unted at a point where it can control a throttle valve. The
throttle valve {8 mounted off center on its shaft and held open by spring pressure. The valve {s
placed at an angle that will cause the fast flowing air-fuel mixture to attempt to close the valve,

A vacuum piston 18 copnected to the throttle valve shaft by a lever. An the engine apeed increases,
the speed of the fiowing mixture increases and beginse to gvercome the spring tension, closing the
throttle valve. This reduces the amount of mixture that can enter the oylinders and thus limits

the engine speed. Intake manifold vacuum and normal alr pressure acting on the vasuum piston
hold the valve steady. This keeps the engine speed from surging.
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Fig 1-38, Vclocity or vacuum governor.
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AUTOMOTIVE FUEL AND EXHAUST SYSTEMS
Lesson 1

Fundamentals of Gasoline Engine Fuel Systema

STUDY ASSIGNMENT: Information for MCI Students,

Course Introduction
MCT 364 26a. Automotive Fuel and Exhauat Syatema, chap 1,

LESSON ORJECTIVE: Upon successful completion of this leason, you will be able to identify the

main componente of the gasoline engine fuel aystem, how they are conatructed,
and how they operate.

WRITTEN ASSIGNMENT:

A, Multlple Chotce: Select the ONE anawer which BEST completes the atatement or answers the
queation, After the corresponding number on the anewer sheet, blacken the appropriate box.

Value: 1 point each

L

3.

4,

5.

6.

The purpose of the fuel systam is to store liquid fuel and

a. deliver it to the engine cylinders, ¢. lubricats the engine components.
b. cool the engine componenis,

Which component of the fuel aystem is used primarily to store fuel ?

8. Fuel tank ¢, Fuel filter
b. Carburetor d, Fuel pump

llow 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

- What ia the purposé of the fuel tank ventilation system?

a. To keep water from entering the tank during fording

b, To act aa a bypasa port when the tank is overfilled

c. To allow alr into the tank and to allow expanding gasec to escape
d. To allow water that 1a In the tank tc evaporate

Wwhat {e the purpose of the fuel syatem main line?

a. To act as a vapor return line back to the fuel tank
b, To prevent-vapor lock in the fual syatem
¢, To deliver fuel to the engine compartment

The fuel filter removes forelgn substances from the fuel that could

a, epeed up «ne engine.

b, cause the fuel tank to rust,

¢. clog the vent tubes and the filler neck.

d. clog fuel paseages and degrade engine performance,
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10,

1L

12,

13.

14,

15.

1.

35, 26

What drawe fyel from the fuel tank?

a, Carburetor ¢, Intake manifold
b.  Fuet filter d. Fuel pump

When will the positive type fuel pump supply fuel?

a. Continunuely when the engine i running

b, Any tinie the ignition awitch 8 on

c. Only when it i needed in the carburstor

d, Only when vhe pump presaure drops to a low peil

When does the nonpositive fuel pump supPply fuel ?

a, When {t {8 needed

b, When the engine {8 operating

c. When the engine epeed rises above a predetermined point
d. When the ignition awitch 8 on

Which fuel pump aeaeisgte in the operation of the windahield wipers?

a. Poaitive c. Full flow
b. Semipositiva d. Vacuum booster

An elactric motor or & golenoid e commonly used to operatea

a, positive fuel pump. c. manusl fuel pumgp.
b, semlipositive fuel pump. d. battery-operated fuel pump.

Filtering air and muffling noige are purposes of the

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

*

Which component acts as a flame arreater in the fuel aystem?

a, The air cleaner c. The carburetor
b. The fuel filter d. The hot spot-on the intake manifold

A wet-type ajr cleaner could also be celled afan)

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

A characterigtic of dry-type air + . aeras 18 that they filter air by what prozess?
a. By air ewirling over oll bu.ore 21 .ering the infake manifold

b, By the swirling motion of ai~ flov :d gudden changes in direction of air flow
c. By using e primary and secc :dery in-line filter

d. By an air {nduction blower L ‘v

To burn properly, gasoline muet be

a, vaporized. c. injecied.
h, metrred. d. condensed.
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8.

19,

20.

21

22.

23,

15, 25
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Which component of the fuel eyatem must supply the right mixture of air and fuel to
the engine In arder for {t to operate properly ?

a. Carburotor ¢. Injection
b. Fuel filter d. fuel tank

What effect doeg the venturi in tha carburetor have nn the flow of the alr intake ?
8. Increases the air speed

h. Slows down tha alr speed

¢. Decreasen the alr flow to a point where fuel and alr ratio is approximately 15:1
d. Reguletas the alr flow depending on the octane of the fuel

The float, low-apeed. high=apeed, accelersting=pump, and choke are circults located in
the .

8. fuel pump, ¢, fuel *ank,
b, carburetor. d, fuel injector pump,

In what state 18 fuel considered to be when it leaves the Intake meanifold?

a, Condensed ¢, Liquid
b, Vaporized d, Expended

What {s used to regulate exceaslve engine speeds ?

a., Carburet:.- ¢, Fuel denslty compensator
b. Governor d. Fuel Injector pump

The principle thet a moving object will try to travel in a stralght line I8 uged In the

a. velocity governor. ¢. centrifugal governor,
b, wvacuum goveraor, d. fuel velocity governor.

How 18 the velocity or vacuum governor operated ?
8. By electrical impulses from the battery
b. By the speed or velocity of the air-fuel mixture

¢c. By the speed of the engine
d. By the fuel density compensator

Total Polnta: 23

g
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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 componenta in s gasoline fuel
aystem were presented. You will now be studylng the inspection, testing. adjusting, eervicing or
cleaning, and repair and replacement of these parts, The conients of thia chapter are examples
of the jobs you, ag an organizational repairman, will have todo, Keep in mind that when you are
working on the fuel system, gasoline fe made to burn in the engine and not on it, Nelther should
{t burn in the tank. on the floor. or on you, Make Bure the work area ia kept free of spilled gaeo~
line and that there are no sparks or fire in the arsa that can start the gasoline burning.

2-2, AREAS TO INSPECT IN THE FUEL SYSTEM

frfore any work is done on & fuel system, you ghould know what neede to be done. One way
to find thie out {8 to inapect the system. This meane look it over and see {f you can find anything
wrong. When inspecting, you should start at one end of the eystem (either end) and work step by
etep ail the way through (fig 2-1). Don't mies a thing. For inatructional purposes we will use the
M151 {/4-ton truck as an example vehicle for this chapter.
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Fig 2=1. Areas to Inspect in the fuel system,

® You will atart with the fuel tank on the M151 1/4-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 ti.~ things you should look for are dirt and rust, Nelther of theae should be given
& chance to get into the fuel tank becauss they can cause a lot of trouble. In fact, they
probably cause more fuel aystem trouble than anything else, except possibly wator. Ane
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 & seal between the cap and the filler neck,
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Fig 2-2. Fuel tank,

Inspect the strainer that {s inside the filler neck. It should be free of ruet or dirt and have
no holes, bends, kinks. or anyvthing else that would make {t unservicesble.

Now for the tank, It should be checked for Buch things a8 dirt, rust, and weater on the ineide.
Check the outside for lesks. 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 100k on top of the tanks An item you should give some attention to is the sending unit,

Check the fuel gage to mee il it accuratoly showa the amount of fuel {n the tank. If 1t doesn't,
the sending unit may be at fault, While you are at it, you better check the slectrical
connectlons, gasket, and the mounting screws. Another item &t the tank {@ the (uel pump,
Again the things you should check on it are electrical connections. gaskets, and mounting
acrews, Another thing to check for on the pump 18 leaking fuel and vent line connections.

A little farther on in the lesson you will find out how to make & 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 guch things as leaking
conncctions and broken, bent. erimped. or leaking lines.

So far you have covered the component® from the tank filler cap to the carburetor. On

the carbaretor you should look for leaks. cracks. gecure mountings. leaking gaskets. and
loose or missing screws. Next, inspect the linkege that controls the operation of the
carburetor. When checking the sccelerator linkege, you should look for missing or damaged
parts. proper connections, and correct adjuatment, On the choke linkage, you should check
the cable condition, the ceble stop, and cable adjustment (it should move the choke (rom the
full open to the full closed poaiftlon). Also check the cable operation and choke control
mounting (fig 2-3).

2-2
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Pig 2-3. Accelerator linkege.

® When the engine {8 operating, fuel will be flowlng from the tank, through the lines, and
through the carburetor. A lot of air must go through the alr cleaner if the fuel system {e
to operate properly, 80 it must also be checked. Before inspecting the air clesner, {ts 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 {n the oil cup. In addition, check it for secure mounting
and the condition of the air hoae, hose clamps, and all fittings.

Don't forget to check the intake manifold, too; it i3 part of the air-fuel system. To check
the intake manifold gasket for leaks, puts smail smount of ofl around the intake manifold
flanges while the engine {s running. 1f the oll {8 sucked into the manifold, the gaskets are
leaking. Loose manifold bolte will cause the gaskets to leak, so tighien them before blaming
the gaskets. {The four 1 1/4" long mounting bolts require 23-28 ft~ibs torque; the two 1 1/2"
long holts require 1012 fi-1bs torque.) You ghould elso look for excess dirt on the manifold
and check for a cracked or warped manifold (fig 2-4),

Fig 2=4, Intake manifold.
2-3. CLEANING THE WUEL TANK

We mentioned before that dirt, rust, and water cause most of the trouble that we have in the
fuel system. Even with the ptrainer ecreen in the tank neck, water and dirt will sometimes get into
the fuel tank. When it does, get it out a8 800n a8 you can to prevent it from getting into other
parts of the fuel aystem, The best way to do this 18 to drain and flush the tank, Let's take a look
at how this ghould be done. First, you will need 8 container large enough to hold the fusl in the tank,
Make sure that the vehicle {8 located in an area that is well ventilated and safe from fire. Be sure
to diaconnect the battery ground cable. Since the dirt, rust, and water are heavier than the fuel, they
will have settled to the botton: of the tank, To be sure it all drains out, you ghould 8tir it up to mix
{t with the fuel. Do thls by inserting a hose into the tank flller neck and blowing through it with
comprensed 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 i8 draining, use short burste of air to keep the dirt and
water mixed wlth the fuel (fig 2-5),
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Fig 2-5. Fuel tank drain plug,

@ After all the fuel i3 v.ained, there may atill be some dirt left in the tank. This can be
flushed out with cleaning solvent and & solvent gun. After the tank ie flushwd, allow it to
dry completely.

® When the tank is dry, replace the drain plug and streiner screen, Refill the tank with fresh
fuel and replace the cap: Before you go any further. remove all fuel and cleaning material
from the area to reduce the chances of & fire., Connect the battery ground cable. start the
engine, and run {t 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 I8 leaking. If it {s. all you are av'hor-
ized 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. If the fuel does
not contain water, rust, or dirt, it can be saved and used in the new tank, To do this, you muat
catch it in & clean container and then use care to keep dirt from falling in the container throughout
the job.

@ Since the fivel tank on the M151 truck ie located under the driver's seat, the sest muet flret
be removed. Aftcr doing that, unplug the electrical connectors &t the fuel pump and the fuel
gage vending unit, and unscrew the fittings that secure the fuel and vent tubens to the fuel
pump, Carefully bend these two tubes to one side’ mo they will not be in the way whan removing
the tank (fig 2-6),

Fig 2-6. Removing connections,




® ‘The fuel tank {e secured (n the vehicle hy four acrews and washers, two at the front and
two at the rear of tiie tank, Remove all four of these screws (ftg 2-7).

Fig 2-7. Removing screws.

® Lift the fuel tank out of the vehicle. Make sure that the fuel and vent tubes 4o not catch
the flange of the tank, H :move all parts from the old tank, such aa the fuel pump, fuel
gage sending unit, and pipe plugs, that will be needed on the new tank (ftg 2-8),

Fig 2-8. Removing tank,

@ Inspect the new tank to sea {f it has been demeged in shipment or {f anything auch as paper
or packing hes gotten {naide of it, 1t (s & lot easiar to clean it out now than after it has been
{natalled. 1nsatall the fual pump, fuel gage sending unit, and plugs in the new tank. Use new
mountlng geakets on the fual pump and fuel gage sanding unit,

® Install the new tank in the vehicle In the reverse order of ramoval. Be ¢araful when con~
nacting the fuel and vent tubes. Turn the fiiting nuls e few turne by hand before using a
wrench to be sura they are not cross-threadad. FIll ¢he tank with clean fual and connect
the battery ground cable. Start the engine and lat it run for a faw minutes while you inepect
the fuel system for leeks. Then {ns\all the seat to complata the job.

2+5., FUEL PUMP TESTING AND REPLACEMENT

In this portion of thia lesson We will digcuss the procedures to be followed to test end to
replace the fuel pump on the ML5! 1/4-ton truck. Some genaral [nformation thet applies to
repale work on all fuel systems will be dlacussed first so it won‘t have to be repeated.

u Testing the fuel pump. Check the pump to maeke sure it performs the way It should. To
do this you need e vecuum/pressure gage. To use the gage. disconnect the flexible fuel hose ot
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the carburetor as shown in tigure 2.0a and connect the preasure gage shown in figure 2-8b, With
the pressure guge attachod, start the engine again and observe the pressure reading. Correct
pressure 18 from 4.8 to 5,4 psi. If the pressure reading is not within thls range, the fuel

pump wiil have to be replaced.

a. Disconnecting flexible fuel hose at carburetor. b. Vacuum/pressure gage,
Fig 2-0, Tesating of the fuel pump.

b, Removal, Before beginning, always check to make sure that endugh repair parte and equip-
ment are on hand to complete the job, Obtain the new parta and inspect them carefully to make sure
that they have not been damaged during shipment, 1If (uel 18 to be dralned, be sure you have a :-on-
tainer that doea not leak and ia large encugh to hold all the fuel drained from the tank,

The vehicle muat be located in a well=ventilated area and away from any open flames or
sparks, 1f the job 18 to be done in a building, make sure that enough doors and windows are opened
8o the gasoline vapora are not allowed to build up, Juat one tiny spark 18 all that 18 needec to
ignite gasoline vapors!

Cleanliness {8 very important when working on the fuel systems A small plece 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 disageembling a part, be sure to remove any loose dirt
or trash from around the line or part. After a part has heen removed, a temporary covering such
a8 u clean rag should be placed over any exposed openings in the fuel system, All parts that are
to be reinstalled must be thoroughly sleaned in drycleaning solvent or mineral apirits.

When loosening or tightening fuel line fittings, use two open-end wrenches to prevent
breaking fittings and twiating lines, (se one wrench to hold the 8tatfonary fitting while loosening
the turn nut, After disconnecting the lines, inspect all fittings for stripped threads, cracks, and
?ther damage, Inapect flexible fuel lines for damaeged rittings and for cold weather-cracked hose
flg 2-10}.

N

¥Fig 2410, Loosening fuel lines.
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The electrie wire o the fuel pump can now be disconnected. Thie is & plug-in type connec=
tor thet can be dlaconnected without the use of tools (tig 2-11),

Fig 2+11. Removing electric wire.

There ere two lines (tubea) connected to the pump cover. The smaller of the two {8 the fuel
tenk vent end the gther 18 the fuel line. Uee open-end wrenches to disconnect both lines, All ten
mounting serewe and lockwashers that secure the puinp cover to the tank cen now be removed.
Refer to pafe 2-4. ligure 2+8. The pump ana filter assembly 18 removed by lifting it straight
up and out of the tank, Retnove and discard the old fuel pump cover gasket (fig 2-12),

Fig 2-12. Removing fuel pump,

c¢. Repair. If you are going to inetall a repair kit inatead of & new pump assembly. proceed
a3 followe. After the pump {8 removed. cover the fyel Pump opening in the tank to keep any dirt
trom accidentally falling into the tank. Remove the three ecrews and washers that secure the filter
retaining plate to the bottomn of the fuel pump and Hft off the retaining plate (fig 2-13).

Fig 2-13. Removing gerewe from fuel Pump,
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1.itt off the fuel lilter vlement. Discard the two tilter gaskets, one 8t each end of the filter,
These Hasketa are not shown in the illustration, [f the filter element i8 damaged or dirty, replre
it with &8 new one when reasaembling the pump {fig 2-14),

RN

Fig 2-14. Removing element,

The repsir kit containe one cup, two filter goskets, one rubber grommet, one nut, one pump,
one ahell, one aleeve. nhe washer, and & specisl wrench. Identify these parts on the fuel pump by
referring to figure 2-15. The special wrench i8 not shown, After you have located the parts that
are to be replaced, finish taking the pump asaembly apart.

SHELL  cus WUt

MOUNTING PLATE

WASHER

SLEEVE
GROMMET

haasker

PUMP

FILTER

GASKET

RETAINER PLATE

Pig 2-15. Fuel pump illustration.
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llee the special wrench provided with the repair kit to remove ths 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 i{nas and pumg to the mounting plate,
and diacard the pump,

Reassemble ths fuel pump in the reverse order of disassembly, using all the new parts
supplied in the kit. Make sure that the electrical wire 18 secure in the mounting plate and tha$ the
new rubber grommet i@ |.ositloned properly.

d. Replecement. Place the pump and filter assembly in the fuel tank, Be sure the assembly is
poaitioned over the screw holes and is alined with the fuel and vent line fittings. Start all ten
mounting screws with lockwashers by hand. Turn each screw In two or three turne. The mounting
screws must be tightened evenly, to prevent warping the mounting eurtaces and causing a fuel leak.
A suggested tightening sequence is ghown in figure 2-18. 1t 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 connectors.

® P
® ®
®
Op®

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

Connect the battery ground cable. making sure that contact surfaces are clean, Install the
battery cover--avold touching the battery terminals with the cover and causing & short clrcuit,

Check for luel ieaks before installing the driver's seat by filling the tank with gasoline to
see {f the fuel pump mounting gaaket leaks. Start the engine and check to gee {f the fuel line
connections lead under pressure. Now test the new fuel pump with a pressure gage to determine
ir it is opevating properly. as outlined in section a.

e. Fuel pump safety switch. The fuel pump valety awitch i8 used with the electric in«tank fuel
puIng, (MI5TA2, MB25, and M718A1 vehicles have & mechanlcal el pump and no safety awitch.)

The fuel pump safety switch {oll pressure eafety switch) automatically stops the flow of fuel to the
carburetor when the engine oll pressnre falle below 3 1/2to 7 1/2 pel. This action iB accomplished
by the swlitch cutting off current to the electric fuel pump. To etart the engine when it would nor
mally have no oll pressure, a gecond circuit 8 connected to the starting motor switch, bypasaing
the =afety circuit only while the starter I8 belng used. The 8econd circuit aleo prevents fuel pump
operation when only the ignition switch is turned on. preventing accldental 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 (fuel pump Inoperative). Before testing the
switch, be sure there is aufficient oll in the crankcase for operation. Do not operate the vehicle
without the use of the safety switch.

Disconnect the male contiector which containg leads No. 77.77A and 77-B (fig 2-17) from
the sufety switch. These wires control the safety cutoft feature.

Connect No. 77 and 77- A leads together with 4 jumper wire. The electric fuel pump should
now operate with the lgnition gwitch on.
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{f the fuel pump operates with Jeada connected together, start the engine and immedilately
check the pressure indicated on oll pressure gage.

If no pressure la Indicated, shut off englne and notffy direct support maintenance. If
pressure 18 indicated, replace the safety switch.

L
] STARTIP
ATIERY 24V SWICH STANTING

Fig 2-17. Fuel pressure safety switch circuit diagram.
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2=8. SERVICING AND REPLACING OF THE AIR CLEANER

Ag you no doubt guessed when we were discussing the inspectlon of the alr cleaner, the air
cleaner does have to be gerviced. This 18 one of the regular joba that the organlzational repairman
haa to do often, so let's see how it 18 done on the M151 1/4-ton truck. The alr cleaner ia an oil-
bath type and Ls located inthe front left area of the englne compartment, L.oosen the air cleaner
cover clamp, and lift off the cover, Lift out the air cieaner element, All air entering tha engine
must pass through this element, 8o check Ilte condition carcfully {fig 2-18, steps 1 and 2). Flnish
taking the alr cleaner apart by removing the oll cup, Discard the old ofl in the cup, Dirt trapped
by the old oil will bulid up in the hottom of the oll cup (step 3),

Step 1, Step 2, Step 3.
Flig 2-18, Steps in servicing the alr cleaner,

84 Cleanin%. Wash the oil cups alr cleaner element, and alr 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 oll. Make sure that you don't overfill it, H the cup ia
overfilied, it may cause oll to be drawn into the cylinders. Next replace the alr cleaner element
and cover (fig 2-19),

"+ AIR CLEANER
80DY

)
b
é

¥ig 2-19, Assembling the air cleaner,
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b. Replacing the air cleaner, lhuring the inspection or servicing of the air cleaner you may
find that it i8 bad and has to be replaced. This. too, {s a job of the organizational repairman,

To remove the complete air cleaner assembly. first loosen the clamp securing the carburetor
to air cleaner hage to the air cleaner. Pull the hose from the air clesner (fig 2-20).

LA TR ,‘

Fig 2-20. Removing air cleaner.

Next, uge your hose clamp pliere to loosen the spring type clamp that gecureas the carburetor
float chamber vent hose to the air cleaner. Puli the vent hose from the carburetor (fig 2-21).

Fig 2-21. Removing vent huse,

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

Fig 2-22. Fuel tank vent line.
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Remove the acrew:t and washers holding the mir cleaner to {ta mounting bracket and remove the
alr cleaner. 1/se the reverse of the removal procedures to {netall the air cleaner. The new air

cleaner {s dry. 8o don't forget to remove the cover and element and fill it with the proper amount
of engine oll {fig 2-23).

Fig 2-23. Removing screws and washers.
2-7. ADJUSTING THE CARBURETOR

Another task for the repairms.i working at organizationsl level will be to edjust 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 apeed, The (irat 8tep in making a carburetor adjustment {3 to warm the engin2 to normal
operating temperature. Then proceed as follows:

a. For non-~emiesion control vehicles.

¢ Retnove the inspection plug from ’he distributor cover and in ita place install & primary
connector adapter. Connect tachometer leads a# sho ', grounuing one tachometer lead

to the en?ine and attaching the otner lead to the terminel on the primary connactor 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 turn the idle mixture screw in {clockwise) until the engihe runs
roughly or starts to slow down, Slowly turn the idle mixture screw out {counterclockwine)

until the engine operates smoothly. It necessary. readjust the ldle spead adjusting screw to
gblain the correct idle speed {fig 2-25}.
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Fl' 2+28, I[dle mixture screw,

It the M181 truck has & ‘Holley carburetor. the correct ldle speed ls 550 to 600 rpm, If
It ha® a Zenlth carburetor. It I8 800 rpm, One way of telling which type carburetor the
truck has I8 by the float chamber ventilatlon hose between the carburetor and the air
cleaner. If the truck ls equlpped with this hose, It has a Holley carburetor; if It does
not have the hose, 8 Zenith carburetor la vaed.

b. For emlaslon control vehlcles,

The new emiaslon control system carburetors are preset by the manufacturer apd the
mixture adjusting screw is sealed. Do not attempt to adjust the carburetor during
installatlon unless the engine does not 1dle or perform properly. Upon recelpt of new
vehicles or durli.g service of vehlicles, if the ldle operation of the engine Is erratic or
the engine la otherwise not functloning properly. adjust carburetor as instructed,

The lean drop method adjustment requires the use of a test dwell tachometer, a screw-
driver, and a 5/64-inch allen wrench.

Connect the tester dwell tachometer to the engine, Insure that the tachometer la in
proper calibratlon prlor to making the adjustment.

Check to see that the engine timing and dwell are properly adjustsd.
Warm up the engine to normal operating temperature.
Turn the idle adjusttnent screw until the engine reaches 700 rpm's,

Remove *he 8eal plug (fig 2-26) and turn the mixture adjusting screw by using an allen
wrench ¢ cunterclockwise until the maximum rpm la reached.

e A

Fig 2-26, Carburetor adjustment (emission vehlcles).
Turn the ldle adjusting screw until the engine reaches 700 rpm.

Turn the tmixture adjusting screw clockwise untll the engine reaches 640-660 rpm’'s.

2-14

96




Dlacannect the tester dwell tachometer from englne.
tnatall 8 new geal plug In the carburetor kle mixture adjustment ecrew hole.
2-8. HEMOVAL AND REPLACEMENT OF THE, CARBURETOR

it the carburetor ldle mixture cannot be adjusted properly, you will nred to replace the
carburetor. The replacement proceduras for the Holley and Zenith carburetors are the sames
except for the flont chamber ventilation hose. The procedures are performed In the following
manner:

a. Removal. Dlsconnect the fioat chamber ventilation hose at the carburetor on Holley car-
huretore only, Loosen the air Intake hoee clamp and pull the Iintake hose from the carburetor.
tiaconneet the fud) line and clean nir inlet tubes from the distributor and crankcase {fig 2-27).

Fig 2-27, Romoving alr tube for crankcase.

Looecn the two screws Becuring the choke control cable and cable houelng to the carburetor.
Pull the cable from the clamp and place it to ope sides out of the way (flg 2-28),

) Fig 2-28. Removing choke cable.

2-15 57




Dlaconnect the throttle linkage at the ball joint on the throttle valve lever. Tha aocket on
the linkage ls spring londed and can be ralansed from the ball by pushing down on the socket (fig
3“29).

Fig 2-28. Throltle linkage.

tinhook und remova the throttle raturn spring from the spring bracket and throttie bellcrank.
Remove the nuts nnd washers securing the carburetor to the Intake manifold. The lower carburetor
mounting nut also secures the spring bracket which ls removed along with the nut and washer. Now
remove *ae carburetor and discard the mounting gasket {fig 2-30).

Fig 2-30. Removing carburetor.

b. Replacement (flg 2-31). Before you install the new carburetor, make sure that It containe
all the needed flttinga. Flitings may be removad from the old carburetor and Installed in the new
one. Claan tha gasket mounting surfaces and the air intake hose connectlons; then instail the car-
buretor. Use a new mounting gasket and reverse the removal procedures. After ingtallation, the
carburetor must be adjusted as described eartion,

Flg 2-31. Inatalling carburetor.
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2-0% REMOVAL AND REPLACEMENT OF THE CHOKE CABLE

'The choke cable may break or bind In its housing. If the cable 18 broken or does not operate
enslly after lubricating, the complete cable and houslng must be repleced.

a. Remuval. Begin by looeening the air intaks hose clamp and pullir g the alr intake hose frem
the carburetor. This 48 done so that you will be able to nee the choke valve to determine lte loca-
tlon when adjusting the new choke cahle (fig 2-32).

Fig 3-32. Loosening sir Intake hose,

l.oosen the cable housing clamp acrew and the cable stop screw. Remave the clip that se-
cores the choke cable to the crankease alr Inlet tube. Pull the cable and housing from the hous-
ing clamp and cable stop on the carburetor (fig 2-33),

Fig 3-33. Removing choke cable.

Now move to the Inside of the vehicle and dlsconnect the choke cable housing from the dash
ponel. [t 18 secured by one nut and washer on the back eide of the dash. Pull the old cable and

housing from the dash and firewall (tlg 2-34),

Fig 3-34. Removing cable and houalng,
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b, Replacement (fi\g 3-35). [nsert the new choke cable assembly in the desh panel; place the
lockwasher and nut on it, then atart at the end of the cable in the rubber grommet in the flrewall.
Slide the cable assembly through the dash panel and firewall grommet until it is {n place againat
the dash panel. Tighten the nut and lockwasher aecuring the cable to the dash panel (flg 2-35),

Fig 2-38, Installing cable.

At the carburetor, posltion 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 ecrews. 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 intaks opening and move the choke lever until the valve (s fully cpen.
Tighten the cable housing clamp and ceble 8top gerews to secure the cable. Check the operation
nf the choke. The valve must completely cloae with the control knob pulled out and be fully open
with.the knob puahed 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 game. 90 lat's take a look at how the throttle cable (8
. replaced on the M1561 1/a-ton truck. All the work for this job will be done from [nside the vehicle.
First locate the ptac® where.the accelerator linkage goes through the firewall, At this polnt. the
throttle cable pusaes through a swlvel on the linkage and I8 secured by a cable stop (tlg 2-36),

Fig 2-36. Locating accelerator linkege,
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a. Removal. l.oosen the cable atop screw and pull the atop from the cable. Then pull the
cable from the swivel (fig 2-37).

Flg 2-37. Loosening cable stop.

At the back gide of the dash Panel. remove the nut securing the throttie control cable to the
daeh panel {fig 2-38).

Flg 2-380. Removing throttle control cable.

b, Replecement. Insert the new throttle cable through the dash panel and gecure it,with the
nut. Stick the end of the cable through the accelerator linkage swivel and pull the control knob
out 1/16 of an Iinch from the daeh panel. Position the stop on the end of the cable 8o it just touch-
ea the ewlvel with the linkage at engine [dle. Tlighten the etop ecrew and push the control knob
all the way in.

2.1l. REMOVAL AND REPLACEMENT OF THE FUEL GAGE SENDING UNIT
Let us euppose that the fuel gage does not work. and after checking the electrical clrcult

you find thot the fuel goge eending unit 18 at fault. Thi* means that you will have to replece the
sending unit. Here le how you would do the job on the M161 1/4-ton truck,
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a. Removal (tig 2-39). The eending unit ia located in the top of the fuel tank next to the fuel
pump. So you wlll have to remove the sents and dlaconnect the battery ground cable first. Then
you can unplug the electrical connection from the sending unit and renvove the sorews and lock=

washers holding it to the tank.

Flg 2-39. Removing connection and screws.

b. Replacement (rig 2-40). Lift the mending unit from the tank and disoard the gasket. Clean
the gasket mounting surface, being careful to prevent dirt from falling in the tank. Pogitlon 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 famillar with the fuel system components that are ysed on spark-
ignition engines before you can satisfectorily maintain thera. For practice, plck vehicles from
the ones in your unit so that you will have one of each type and model thet is equipped with a
spark-lgnition engine. Unse the vehicle TM's and this lesson as referencos to find the fuel syetem
components on all the vehlcles; then make sure that you know how they are conatructed and how

they operate.
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AUTOMOTIVE FUEL AND EXHAUST SYSTEMS
Lesaon
Maintenance of Gasoline Engine Fuel Syeteme

STUDY ASSIGNMENT: MCI 85.25a. Automotive Fuel and Exhaust Systems. chap 2,

[.FSSON OBJECTIVE: Upon guccessful completion of this 1a8son, you will be able to identify the
basic maintenance procedures of the gasoline engine fuel aystams.

WRITTEN ASSIGNMENT:

A, Multiple Choice: Select the ONE answer which BEST comi..ates the gtatement or answers the
queation. After the corresponding number on the answar gheet, blacken the sppropriate box,

Valua: 1 point each
1, GCasoline fires in the repair area are usually ceused by

a, over ventiletion. C. exhaust fumes.
b, spilled fuel. d. faulty wiring.

2. Who e responsible for repairing the fusl system ?

8, Vehicle operator c. Dispatcher
b, Mechanic d, Line NCO

3. Sterting from either end end working step by atep all the wey through is a procedure ysed
when inepecting the

e. fuel pump system. ¢. air induction system.
b, fuel system. d. fuel filter systam.

4, The intake manifold is considered e part of the

8. air-fusel system. ¢, electrical system.
b. exhsust system. d. starting syetem,

5. linkege, intake manifold. end electricel connections are arees to check when inspecting the

8. exhaust 8yStem. c. fuel system.
b, electrical System. d. intake systam.

6. Before inspacting the sir cleaner. You must first

a, drein the fuel filter. c. meke eure the engine {8 cold.
b, remove the air cleaner cover. d. bring the engine to opereting temperature.

1. llow are water and dirt removed from the fuel tank?

8. By use of the finel fuel filter c. By draining and flushing
b, Hy use of the Secondary fyel filter d. By steam cleening
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4.

10,

11,

12.

13,

14.

15,

16,

35. 25
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When flushing the fuel tank, to be gure all dirt, water, and rust drain from the fuel tank.
you should

8, gatir it up t0 mix the fuel by uaing an air hose,
b. operste tha electric fucl pump to mix the rugt and dirt,
c. use & high pressure steam hoge to mix the fuel and dirt,

What {8 used to flush the fuel tank alfter the fusl has heen drainad from it?

a, Alr presaure ¢, Cleaning solvent and golvent gun
b. Steam cleaner d. Water undur high pressure

When connecting the fuel line® to the fuel tank, you should

8. cost the threads with grease to prevent rusting.

b. turn the fitting nute & few turna by hand to insure that they are not eroga-threaded,
c. connect the vent linss first,

d, turn on the ignition awitch to make sure there {8 current in the sending unit ewitch,

Removal and replacement {8 the only repair procedure suthorized on the fuel tank at the
maeintenance level, :

a., driverts c. depot
b, direet d. organizational

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

8. drain the fuel tank, c. move the vehicle t0 an enclosed ares,
b, diaconnect the fual lines. d, locate the vehicle in & well=ventilated area.

When ramoving tne fuel pump, looge dirt or trash ahould be removed from around the
immediate area to

a, prevent conthumination of the fuel system.

b. determine wtich size wrench ghould be used.

¢. determine if there 18 a leak in the line.

d. identify the lines. because they have to he removed in saguence.

When loogening or tightening fuel line fittings, two open-end wrenches are used to

a. 8pved up the process 8o fuel leakage 18 at &8 minimum.
b. prevent breaking fittings and twiating lines.

c. lessen the chance of cauaing a spark.

d. apply added torque due to ruat on the fittinga.

To avold aparks when servicing tha fuel system, you would

8, disconnect the battery ground cable.
b, use a nonmetallic wrench.

¢, make sure the vehicle 13 grounded.
d. remove the battery from the vehicle.

When refilling the of! in the alr cleaner. care ahould be taken not to overfill the cup.
Thia may cause

n, lack of air flow to the engine.

b, oil to be drawn into the cylindera.

¢, oil to lcak down on the spark pluga cauvaing a short,
d. excesaive oil conaumption.




17. The engine should he minning at normal operating temperature prior to

A, adjusting the carburetor, ¢. setting the float level.
h, removing the carburetor. d. replacing the carhuretor.

18, The carburetor should be replaced if

A, the foat ievel {g out of adjuatment,

bh. the el fllter screen {8 bad,

¢, the idle mixture cannot be adjuated properly,
d. there is a leak at the fltting to line connection,

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

a, replaced along with the housing. ¢, used aa little as possible,
b. taken apart and cleaned. d, flushed with a 2leansing aolution,

20. The throttle control cable on the M151 18 connected to the

a. accelerator linkage inside the vehicle.
h, fire wall.

¢. accelerator pump on the carburetor.
d. linkage on the PCV valve.

21. Tue fuet tank ia full, but the fnel gage registera a quarter tank, You check the fuel gage
and find it to be good. What would you check next for posasible replacement?

a, The float level in the fuel tank ¢, The fuel linea 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.
be The fuel pump will not operate.

¢. The engine will have a miss,
d, The fuel gage will not properly operate.

Total Points: 22

15, 25
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Chapter 3
FUNDAMENTALS OF COMPRESSION=IGNITION FUEL SYSTEMS
3-1, INTRODUCTION
it 1o easlar to understand the opexation of a piece of equipment if you first imow what is re-

quired of it. With this in mind, take @ look at what compression~ignition engines require of their
fuel systems, Then take & look at the types of systemes we will discuee {tig 3=1),

REQUIREMENTS FOR COMPRESSION-IGNITION
FUEL SYSTEMS

Meter
Dhtribute
Atomize
Time
Clean

Fig 3=1. Requirements.

First, the engine muet have fus! accurately metered to ite cylinders. Thaere must aleo be
some way for the vehicla operator to vary the amount of fual metered 6o ha can control engine spead.
Second, equal amounts of fust muet be detivered to alt of the cylindere at presturea high snough
to atomize or to change the fue! into a fine epray, Equal amounte of fual to the cylinders are needad
if the engine e to run emoothly. Since the fuetl ie injectad directly into the engne‘s cytindere
on their compression etrokes, extrematy high preseuree are needed to atomize and force the fuel
into the compreesed alr. Third, the fuel muat be injected into sach cylinder at exactly the right
inatant. If the fuel 18 injected too soon, it wiil etart to burn too econ and a detonation kmock or
engine ping wilt occur. I the fusl ia injected too late, the affactive power gtrokes are shortened
amd the fuel may etill be burning when the exhaust valvee open. Thies reduces engine power and
could burn the exhaust vatvea. The fuet and air eupplisd muet be clean and the .'e muet be po
restrictions in the air inductlon eystem. Dirt in the fuel will quickly dsmage close-fitiing parte
in the fuet injection pump. Dirty air will ecore cylinder wail-, pistone, and rings. Restrictione
in the induction eyetem wilt reduce the amount of air entering the cylindere, thus reducing power
output of the engine.

3-2, DISTRIBUTOR INJECTION PUMP FUEL SYSTEM COMPONENTS

a, Purpose, Fuel systeme of m.ny different designs are used on compressaton-ignition engines
to meet the requirements listed above in the introduction. The different eysteme are olaesifiad
according to the design of the injector pump that producee the high pressure needed to inject fuel
into the cylinderas It 8 not practical to cover in this chapter the construction and operation of ail
the different systemae However, one common Syetem that le used in 2 1/2- and 5-ton mititary
trucke aquipped with muitifuel engines is the distributor injection fuel pump system, We will aleo
discuee the air induction ayetems uged on compression-ignition engines. To make up the eystem,
e truck hae a fual tank, inetank fuel pump, three fuel filtars, an injector pump assembly, six
fuel injoctor nozziee, and connecting fuei lines. In order to become familiar with the eystem,
let‘s trace the fuel flow through the fual aystem and discuse the location and function of the fuel
ayatem parts.
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be Fuel tanke The 2 1/2+ton truck and some of the S-ton trucke have one fuel tank mounted on
the frame side member of the trucke Fuel tanks for military compression-ignition~engine-powered
vehiciss are about the same as tanka for spark-ignition engines. They have a filter inlet and an
outlet and are vented to the air cleaner., One difference i8 that tanks for compreassion-ignition
engines have an opening for a fuel return line, This is because compressicn~ignition engines are
always supplied with more fuel than they can uses The excese {8 gent back to the tank through a
fuel return line, Some S-ton trucke have two fuel tanka go they can atore more fuel, The second
or auxillary tank 18 mounted on the right side of the {puck and the main tank 18 on the left, An
eleciric fuel tranafer pump 10 jocated On & brackst in front of the auxiliary lank, It ie used to pump
fuel from the auxiliary tank to the main tank, The transfer pump ewitch {8 located on the inetrue
ment panel near the center. A float valve in the main tank can ghut off incoming fuel from the
transfer pump to prevent the tank from overflowing (fig 3-2),

OUAL FUEL TANKS |3-Ton Truck)

PRIMARY FUEL FRANSFER
FUEL {ll Fek PUMP

FLOAY
— - VMIVI r-‘_m_‘—AL
i
40

INTANK PUMP

MAIN TARK AUKILIARY TANK
Fig 3=2, Dual fuel tanks {5-ton truck).

¢, In-tank fuel pumps An electric inetank fuel pump i8 located in the main tank, The pump {8
the centrifugal, edem’e-motor-drlm type that has a pickup screen to strain the fuel before it
enters the pump, When the accessory awitch on the instrument panel {8 turned on, the in«tank

pump operates forcing the fuel out through the fuel feed line, Pressure on the fuel leaving the tank
is about § psi,

ds Primary fuel fiiter {tig 3-3)s The fuel first flows to the primary fuel filters On the 21 /2«
ton truck, the primary riiter 18 located on the right frame rail of the vehicles On the Setonm tyuck
it f8 attached to the frame rall under the left front fender. This fllter strains the fuel hefore it
reaches any fuel system parts on the engines Notice that it has a drain valve on the bottom for
draining trapped water and traeh,

RETAINING
SCREY AHN

Fig 3-3, Primary fuel filter.

Note: Study foldout {lluetration No 1 tu the back of this chapters As you study, trace the
fuel flow in the illustration and note the relative position of the parta.
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e, Fuel supply Eim% {fig 3=4). After passing through the primary filter, the fuel flowe through
a flextible line to the fuel supply pump fnlet, The supply pump 1a mounted on, and driven from,

the fuel injector pump. [t 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 neede

of the injector pump. The fuel supply pump assembly is a poaitive-displacement, gear«type pump
that 12 a lot like the gear-type pumps used in the engine lubrication system, In addition to the

pump housing 1t contains inlet and outlet ports and a check valve., When the supply pump s not
operating, fuel flowing from the ins=tank pump 18 blocked by the pump gears, However, the fuel
pressure s great enough to open the supply pump check valve which s held closed by a light spring.
Fuel then flowe through the check valve into the supply pump outlet, bypassing the pump gears,

Thie feature permits in-tank pump pressure to bleed air from the low=pressure seotion of the

fuel sysiom before atarting the engine, When the engine 1s started, the supply pump operates,
increasing the pressure at its outlet and closing the cheek 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 = Houeing cover

B = Pump housing

C = Gear .

D = Drive ghaft

E = Idier gear

F = Check valve spring
G = Check valve

H = Check valve acrew

Fig 3«4, Fuel supply pump.

f. Secondary and final fuel filter (fig 3-5). Fuel leaving the supply pump flows through a fuel
1ine to the accondary fuel filter. Both filters are located on the left rear of the engine, The
secondary filter 15 alsc commonly called the engine primary filter, but don’t confuse It with the
primary fliter that 18 mounted on the vehicis 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 ffiter cover. Afr trapped in the furd system can be bled off tarough the
vent valves,
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Fig 3-5. Secondary and final fuel f{iter.

g+ Relief valve {fig 3-6), A relief valve is located in the fuel filter cover, The primary purpose
of thia valve 18 to control maximum fuel pressure. This va.ve I8 needed in case either of the filter
ejements becomes plugged. Since the fuel eupply pamp is of the positive type, it can bulld up enough
pressure to damage itgelf and oth.,r fusl eystem parts if the fuel flow Ie blocked. By using the re-
lief valve when the "i"*ers become plugged, fuel pressure will only build up enough to overcome the
rellef valve spring and force the valve open. Fuel ilowing through the open valve ia carried back to
the fuel tank through the fuel return lne,

Fig 3-8, Filier rellet valve,

by ector pum raulic head {ig 3-7), Fuel flowe from the final stage fllter through a tube
to the Inj pumnp iniet “se + Thie fitting 15 sorewed into the fuel densi’y compensstor
which fs located on the rear of the injection pump essembly, The fuel density co.npensator will
be discuyssed later, Fuel fe directed from the injection pump inlet tee to the injection pump hy-
draulic head, In the injection pump hydraulic head, the fyel s metered, pressurized, and dig~
trihuted to the cylinderss Just how this {8 done will be discussed later, Fuel 8 sent from the
bydraulic head to the injector nozzles at the oylindors through high=preasure fyel lines, These
Hnea have thick walls to withatand the high preasure produced by the hydraulic heads The pressure
may go as high as 3, 200 pai, liotice that the lines are conneoted to the hydraulic head iike the
wireg in the distributor cap of a épark ignition engine,
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Fig 3=-7, Injection pump hydraullio head,

f, Fuel overflow yalye (fig 3=8), About 76% of the fuel supplied to the injoction pump hydraulio
head 18 not sent to the e e cylinders, Most of thie excess fuel flows from an outlet on the hy-
draulic head to the fuel overflow valve and back to the fyel tank, The fuel overflow valve 18 sorewed
directly into the hydraulio head and has a spring=loaded valve, The valve has a amall opening that
allows a constant flow of fyel through the hydraulic heed so that any air caught in the paseages oan
escape, The opening also serves a8 a continuous blead of fuel to cool the injection pump, When
the pressure of the fuel supplied to the hydraullo hoad exceeds the spring pressure holding the
over..ow valve on ite seat, the valve opens, allowing more fuel to be bypassed to the fuel tank,

[n this way it controls minimum pressure at low rpm and maintaina a constant fuel pressure to the
hydreanlle heod.

¥ig 3-8, Fuel overflow valve,

jo Injector nozzles (fig 3=9), Fuel must be injectsad into thi combustion chamber in a spray
form. Thid i3 nccomplished hy the injeotor nozzle. The injector nozzle consiste of a nozzle body
thut hag o fuel inlet connection and an internal fuel passage. A valve ie fitted through the center
of the nozzle body, A cap containing the valve seat is threaded on the combustion chamber end of
the nozule hody. A 4pring at the outer end of the nozzle holds the valve tight againet its seat in the
cap. The fuel delivered by the high-pressure line enters the injector nozzlo fuel inlet, flows through
an internal pavsage, and fills the qren above the yalve seat, ‘There the fuel presses on the valve
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to 1ift §t off the valve scats At the moment fuel pressure overcomes the epring pressure lfting the
valve, fuel is forcod through tho seat and sproyed in the combustion chamber directly into the
apherical combustion pocket of the piston head. Injection continues until the injection pump output
preasure drops; then the spring tension quickly closes ths valve.

ST g

Fig 3-8, Injector valve,

A slight amourt of the fuel leake between the fitted surfaces of the valve and the nozzle body
to fili the area around the valve spring at the top of the fnjector nozzle. The 1saking fuel lubris
cates and cools the injector nozzle. A fuel leak=off line {8 connected to the top of each injector
nozzle to return the fuel to the fuel tank,

The amount of fuel preasure required to open the valve i8 called the injector nozzls cracking
prossure. The spring tension holding the valve closed can be adjucted by either a screw adjustmont
or by adding or removing shime on t9p of the spring, Changing the apring tension changes the
cracking pressure. Proper cracking pressure is a must in order to got a good spray pattern to
produce the correct atomization of the fuel. Proper cracking pressure varies, depending on engine
models, butie generally around 2, 800 to 3, 200 psi, New nozzles should have an opening pres~
sure of 3050-3150 psi and used nozzles a minlmum opening pressure of 2600 psl to be considered
aerviceable. Used nozzles with 1888 than 2800 psl must be adjusted to obtain 3050-3150 pal. A

pressure range of not over 300 pal for the complete set of nozzles must be malntained for optimum
performance.

3-3, INJECTOR PUMP

Notet Study foldout {llustration No 2 in the back of this chapter, As you study, refer to this
{ilustration for the location and identification of the injection pump components.

o, Main soctions of the pump, To make the operation of the pump easier to understand, we
have divided the pump into three sectiona a8 shown in foldout fllustration No 2,

(1) Forward se The forward section of the pump houses the edvance unit, This unit
does the eame g as the centrifugsl advance unit on a spark-ignition engine distributor
does, Ae the engine {s speeded up, the advance unit causes the fuel to be injected earlier
in the cycle so that maximum power output can be obtained ot any engine speed. The fuel
injector pump i8 connected to the engine at the advance unit end. A rear fastened to the
injector pump drive meshes with the engine camshaft gear. The crunkshaft gear drives
the engine camshaft gear, which in turmn drives the injector pump gear., The crankshaft
gear and the injector pump gear are the same size eo the injector pump is driven at engine
crankshaft speed (131 ratlo) (fig 3-10),




Fig 3»10, Injector pump 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 part houses the operating cams and the distributor drive
gear whioh furnish the power to drive the pump. The uj ser part {8 the hydraulic head
whioch delivers fuel under pressure to the injectors at thu proper time.

{3) Rear section, The rear section of the pump houses the governor assembly whioch helps the
opecator maintain any apeed from idle to wide open throttle. Mounted on top of the governor
is the fuel density compensator which corrects the problom of engine apeed varying with
different fuels,

b, Function of the injector 5&412. The injector pump-has thres main functions, First, it muset
metor or measure the amount of fuel delivered tn the infector nozzles in all of the engine cylinders,
A amall amount of fuel is needed for engine idlo, but a larger amount {9 needed for high engine speed,
Seoond, it must pressurize the fuel delivered to the injector nozzles. The pump must be capable
of producing pressure greater than the injeoctor nozgzle orncking pressure. Thind, it must distribute
or send the fuel to the right oylinder at the right time, At idle speed the fuel is sent to each cylinder
9e 1t nears the end of its compression siroke, These three mailn functions are performed by the
hydraulic head, fuel plunger, and fuet plunger sleevs, Tog understand how all of this ls done,
lot's take @ look at one part at u time,

(1) Hydraulic head {fig 3-11)s The hydraulio head hes only ons fuel plunger which must
presaurizo the fuel for all six oylinders, The plunger 18 moved up by one lobe of the
throe-iobe cam mounted on a camshaft, Spring pressure pushes plunger dovn, Ons
turn of the camshaft causes the plunger to move up and down three timse. Each time the
plunger moves up, it presiurizes fuel trapped above it. This fuel I8 then injected into the
combustion chamber of onc of the oylinders by an injector nozzles The infector pump
camahaft retutes two turns to pressurize the fuel six times, once for sach of the engine’e
six oylindere. ‘The pump must distribute or direct the pressurized fuel to the right oylinder,
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An we pointod out earller, the fuel outlets of the hydraulioc head are a little like the
distributor cap on the spark ignition engine. Instead of wires to carry electricity, the
hydrautic head has lines to carry fuel to the cylinders,
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Fig 3-11, Hydraulic head,

{3 Fuel r {tig 3-12), Fuel in distributed to the fuol outlets by turning the fuel plunger
in the center of the hydraulic head. Fuel 13 directed into a fuel line when the fuel distri-
buting slot, which is machined in the plunger, alines with the outlet to the line. When the
plunger rotates one complete turn, its distrimting slot will have alined with all six cutletn
to the lines, The plunger is rotated by the plunger drive gear. The plunger can move up
and down inside the gear, ‘The plunger drive gear iz driven by a gear on the quill shaft,
The camshaft drives the quill shaft at the same speed gp the camshaft, The quill shatt
gear drives the plunger gear and the plunger at a 2:1 reduction or half as fast, The quill
ghaft 18 shown in foldout {llustration No 2,

HIGH
PRESSURE

OUTLETS

FUEL
DISTRIBUTING
$LOT

PLUNGER
DRIVE gEaR

Fig 3«12, Fuel plunger operation.
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(3 Fuel plunger elesve G 3-13), Another function of the injector pump fe to meter the
amount a fuel delivered. The fusl plunger la lnown a8 a constant etroke plunger becauee
#f alwaye moves up and down the same dietance. Therefore, it would appear that the pump
would alwoye deliver the same amount of fuel, However, by adding a plunger sleeve we
will aee that the amount of fuel delivered can be varied, It can be moved up and down as
deeired by the operator.,

A fuel epill passage drilled in the side of the plunger connects with a vertical passage
loading to the plunger head, When the plunger s dewn, the fuel epill passage 1s covered
by the plunger gleeve., Aes the plunger {s lifted by one of the cam lobes, the apill passage
ie lifted above the upper edge of the plunger sleeve, Fuel is preasurized above the rising
plunger while the apill passage is covered, When the spill passage 18 no longer covered
by the sleeve, fuel abcve the plunger flows down the vertical passage and escapes through
the epill pansage, When the accelerator pedal is pushed down, the plunger sleeve moves
up, The plunger must now rise higher before the spill passage s uncovered, so more
fuel is delivered before the spill passage {s uncovered, When the accelerator pedal is
released, the glaeve movea back Aown and less fyel is delivered,

PLUNGER SALEEYE OPERATION
Y WINCAL PagsAGt

OV A2 3

‘\ MCELIAR Mby

L (NOOR pymp (Aa

Fig 3~13, Fuel plunger,

¢, Phases of fuel delivery. Let's review the pressurizing, distributing, and metering by
going through these functions for ONE cylinder. To make it easfer 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 preesure fills the fuel passages in the hydraulic head up to the fuel delivery
valve, Excees fuel and any air laave through the overflow valve and return back to tiwe fusl
tank,
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Fig 3»14. Fuel intake phase.

(® BO‘M% of deuveg‘z {fig 3=15). The second or beginning of delivery phase starts when
the cams ilits the plunger erough to close off the fuel {nlet and outlet ports, The

plunger pressurizes the fuel in the pressure chamber, the fuel spill pasesge, and the
paseage leading to the fuel delivery valve, The fuel pressure must reach about 250 psi
before the delivery valve opens,

DELIVERY yailve rENING PRAESSURE

Fig 3«15, Beginning of delivery phase,

(3) Dellvery (fig 3=16), At the third or delivery phase the fuel 1p pressurized enough to fully
openi the delivery valve. High preasure fuel then flows ayound & groove out in the fuel
plunger. Thia gronve 19 ¢alled the fuel plunger annulus, From the plunger apnulup the
fuel flows up ihe distributing plot which 1u now alined with the eylinder outlet paspage.
i'rom the outlet passoge, fuel travels through the high=pressure line to t.c injector nozzle
and 13 injeoted into the oylinder,
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DELIVERY PRESIURE

Fig 3=16, Delivery phase.

(9 End of delivery {fig 3~17), At the fourth or end of delivery phase the plunger has moved

up to the point where the apill 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
apill passage. This reduces the high pressure, allowing the spring preesure to close the
fuel delivery valve, Some fuel pressure, called residunl line pressure, ia trapped in the
Hne to the injector nozzle. This assures a positive and ascurate delivery for the next
injection, Remember, we have discuaped the fuel delivery to only one cylinder, Fuel
for each o the other five oylinders will go through the same four phases explained above,

As stated before, less fuel {e required for lower engine speed. For leap fuel, the
plunger sleeve in the injection pump 19 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
atroke wilf he shortened. The term *‘effective pump stroke' means the distance the plunger
moves up while the spill passage ia covered, For higher engine apeed the operator pushes
down on the accelerator to rafee the plunger aleeve for a long effective pump stroke, Thus,
the fuel {8 metered and controlied by the operator.
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Fig 317, End of delivery phase,
3«4, MANUAL CONTROL OF THE INJECTOR FUMP

To atop the engine, the operator pulls & manual control located on the vehicle instrument
panel, This control is connected to the fuel shutoff rod on the injector pump, FPulling the control
operates the fuel shutoff rod, which in turn moves the plunger sleeve all the Way down. In this
position the spill passage {s never oovered by the sleeve, No high pressure is bhuilt up in the
hydraulic head, and the engine will stop because no fuel is being deliversd to tt s cylinders,

3+5. GOVERNOR CONTROL OF THE INJECTOR FUMP

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 varfable speed governor. Unlike the gavernor used an gasoline engines that con-
trols maximum speed only, this govemor helps the yehicle operator maintain any speed from idle
to wide-open throttle by reducing the amount of fuel delivered to the engine, Notice in foldout
fllustration No 2 that the governor {s a mechanical centrifugal type and is driven from the rear of
the injector pump camehaft,

a, Gmmor ration, The operation of the govemor is based on the balance between the force
exe and the tension of o spring, When the engine speed increases, the
mmmmm. pulling the linkage to change the position of the injector pump plunger sleeve.
Pressing on the accelerator pedal inoreases the spring preasure holding the weights in, The linkage
is connected to the injector pump {n such & manner that the apring pressurs tends to move the
plunger sleeve to the full fuel position. The force exsrted by spinning the weights tries to reduce the
amount of fuel delivered,

b, Variable IEE govemor (tig 3-18)s Caneider the simple variable speed governor shown in
this figure, we tumm at engine speed. One end of a aliding sleave rests against the weights,
Linkags to the injector pump fuel control s located at the opposite end of the sleeve 80 that a
sliding movement of the slesve will change the amount of fuel delivered. The operating epring 1s
positioned so that it tends to push the sliding slesve to the left, moving the flyweights in, Moving
the operating lever, which I8 connsoted to the accelerator pedal, will vary the spring pressure. The
travel of the operating lever 18 limited by the {dle -~ and maxdmum = speed sorews. When the
operating lever 18 resting against the idle screw, tuere is only a small amount of spring pressure
pushing the sliding sleeve to the left., Therefure, the weights fly outward, moving the sliding
sleeve to the right at very low engine speed. Moving the aleeve to the right positions the injector
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pump linkage 8o s small amount of fuel is pumped to the oylindars. To speed up the engine, the
operator pushes down an the accelarator pedai, This makes the spring pressure stronger and the
apring moves the sliding aleeve %o the left, forcing the weights in, Fuel delivery to the engine is
increased and the engine speed increases. To slow down, the operator lete the pedal ease back,
The governor weighte gvercome the reduced apring preasure and pugh the sliding sleeve to the right
and leaa fuel is delivered, Let's see how the governor works to mafntain a constent speed, Assume
that the operator is holding the vehicle at 35 mph on the bighway. Ae the vehicle starts up s hill,
the engine will glow down {f the operator dooa not push on the socelerator. As the engine slows down,
the outward force on the weights decroases. The operating spring pushea the sliding sleeve to the
left, and more fuel 18 delivered to the cylinders in an effort to maintain engine speed. As the
vehicle starts down the hill, the engine gtarts to speed up without pushing down on the accelerator.
The weights apin faster, so their outward force is increassd. The operating spring is compressed
and the sliding sleeve moves to the right, reducing the amount of fuel going to the cylinders in an
eftort to slow the engine down, As you can see, the operator will not have to move the accelerator
when going up or down minor grades. Of course, {f the hill is stuep he will have to move the
accelerator or he may have to shift gears. Maximum engine speed is also controlled by the variable
speed governor. An adjustable maximum speed stop sorew was used to limit the maximum travel
of the accelarator linkage on the earlier model governors for multifuel 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 ie adjusted to Umit the engine to 2,900 rpm when using DF =2 dissel ofl, about
2, 600 rpm are obtained when the engine 1o operated on gasoline. If the stop is readjusted to obtain
2,800 rpm on gasoline, the engine will overspeed when using disasl fuel, To correct the problem
of the engine speed varying with different fuels, the fuel density compemsator was sdded to later
model injection pumps for multifuel engines that are used in the 2 1 /2+tom {ruck M3SA2 series and
S=ton truck M54A2 series,

Fig 3=18, Variable spesed governor.

3-8, FUEL DENSITY COMPENSATOR

' Pura;se {tig 3=19), The fuel density compensator sutomatically adjusts the high=speed stop
for the type of fue] that is being used, 1t 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 sensea the differences in the fuel and then moves the wedge utop plate up or

down, regulsting the maximum travel of the accelerator linkage,
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Fig 3=19, Fuel deneity coinpensator,

b, Operation {fig 3-20), To understend how the fuel density compensator works, recall that on
the power strokes of the engine cylinder the plotons are pushed down by heat energy. The more
hest produced in the cylinders, the harder the pistons are pushed and the faster the engine runs.
The injector pump controls engine speed by regulating the volume of fuel Injected into the oylinders.
The amount of heat that is produced by different fuels depends on their weight instead of their
volumes The heavier the fuel 18, the more heat it produces, For example, one gallon of diesel
fuel 8 heavier than one gallon of gasoline, Therefore, one gallon of diesel fyel will produce more
heat energy than one gallon of gasolines So a multifuel engine will run faster on diesel than on the
same volume of gasoline. Here i3 how the fuel denseity compensator senses and makes adjustments
for the different heat values of the fuel, Fuel at supply pump pressure flowing from the final fuel
fllter enters the density compeneator at the tee fitting serewed into the rear of its houging. The
fuel first flows to the density compensator’s pressure regulator valve, Here the fuel supply pressure
{9 reduced to a constant regulated pressure over the entire operating speed range. Fuel ata
regulated pressure enters the cylinder under the servopiston where it overcomes the epring tension
above the piston and raises the piston, Some of the fuel leaks between the plston and cylinder walls
to fili the area above the pleton. The piston le fitted very closely in the cylinder 8o that the amount
of leaksge {8 seneitive to the thicknese of the fuel, This clearanve {8 called the first or density
sensitive orifice. Fuel paseing to the top of the piston leaves the compenaator through the second
orifice, which is an adjustable needle valve. Fuel leaving the compensator 8 returned to the fuel
tank. If the fuel passing through the pecond orifice 18 restricted onough, pressure will build up
above the piston to a point where the piston {2 moved back down, The orifices, piston clearance,
and the needle valve work at widely different restrictions to the flow of fuel, This causes the
halance of the pressures above and below the piston to be gensftive to the weight or density of the
fuel. 7To demonstrate this we will first use dlesel fuel No 2, the heaviast and thickest fuel burned
in the multifuel 2ngine. Secondly, we will use regular gasoline, the lightest and thinnest fuel burned,
Ths fuel {8 delivered to the botiom of the servopiston at a regulated pressure of 20 to 21 pef. The
thick heevy dieael fuel leaks past the close fitting piston gquite slowly. Fuel flowing out past the needle
valve {s not affected as much by the thicknese of the fuel, o very little preesure je built up on top
of the platon. The regulated pressure {8 much greater than the combined spring and fuel pressure
on top of the piston, so the piston moves upe The Piston in turn moves the wedge stop plate up so
the accelerator linkage {8 stopped by the thickest part of the wedge., The linkage cannot travel far,
1o less dicsel fuel §8 pumped to the eylinders when the gecelerator pedal te pushed down, With
regular gasoline, regulated pressure enters under the pervopiston tne same as wilth diessl fuel.
fiut gasoline s lighter and thinner, 80 MORE gasoline leaks by the close fitling piston. The large
amount of gasoline flowing to the top of the piston 18 reetricted as it tries to flow past the needle
valve, Now thc combined spring and fuel pressure above the pieton ie greater than the regulated
preasures The piston and the wedge stop plate are pushed down, The accelerator linkage {8 now
stopped by the thinnest part of the wedge so {t can 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 3=20. Dlagram of fuel denaity compensaator,
3~7. AUTOMATIC ADVANCE UNIT

The automatic advance unit in the front section of the injector pump works on the same
princlples as the governor. Flyweights are driven at engine speeds As the flyweights sawing out,
they force a sliding gear with internal splines to slide on helical splines of the camshaft drive hub.
As a result of this gear movement the camshaft 18 rotated slightly to advance the injector pump
timing. Advancing the timing at higher speeds increases engine power and fucl economy just as
advancing the ignition timing on a spark-ignition engine increases its power and economy. When
the engine ta slowed down or stoppeds the advance unit springs return the sliding gear to the retarded
position. Lubricating oll flows from the eagine’s lubrication system to a tee fitting located in the
advance unit housing. From that area the oll flows through various passages to lubricate the
advance unit plunger and tappet assembly and governor. The oil drains back to the engine crank-
cane through the front of the advance unlt housing and a line attached to the bottom of the injector
pump housing.

3-8, AIR INDUCTION SYSTEMS

a. Purpose, The air induction systems on compresslon=ignition engines are very much like
those to-tﬂ on spark-ignition engines, Any differences are probably due to the fact that on com=
presslon-ignition engines maximum amounts of air enter the cylinders on their intake strokes all
the times On spark-ignition engines, the amount of air, as well as the fyel entering the cylinders,
18 metereds Therefore, for all engine speeds except wide-open throttle. the compression-ignition
engine requires more air,

b, Functlon, Some of the compression=ignition engines you may have to maintain are refe:red
to a8 pormally aspirateds This means that air is moved through the air inductf. 1 system by ate
moaphetic or normal air pressure and engine vacuum only.

39+ SUPERCHARGER

as Purpose (f1g 3=21, A and B)s Other compresslon-ignition engines that you may have to maintain
have supercharged alr induction systoems, These systems have a device that increases the pressure
of the air, forcing more of 1t into the cylinders on thelr intake strokes. Superchargers can be dmven
by vxhnuat gnses. belts, or gears (flg 3-32)s 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 of the supeprcharger {fig 3-23), This figure {llustrates how a turbocharger works.
Exhaust gases, leaving the cylinders uyder pressure, are directed through a turbine, The turbine
is a wheel with Ylades. The rapldly moving exhaust §ases strike the blades and force the turbine
to turn, Mounteq on the other end of the turbine shaft is an impeller. When the turbine rotates,
the impeller rotates also, The impeller has fan-like blades that pull air from the air cleaner,
compress the air, and send It on t0 the oylinders. Because the alr entering the cylinders on their
intake strokes is under pressure, more air 1s forced into the oylinders. This causes the compression
and combustion pressures in the cylinders to be higher. Of course, this means that the power
output of the engins will alsc be higher. T¢ give you some ides of how much the turbocharger
increases sugine power, let’s consider two versions of the same basic engine. The LD-485 multi-
fuel engine 1s used in the M35A2-series 2 1/3«ton trucks, This engine is normally sspirsted, It
¢an develop spproximately 145 horsepower. The LDS-465 engine used in the M34A2 seriee S+ton
trucks 1s turbocharged, It can develop approximately 205 horsepower, These two ungines are
bagically the same, but thanks to the turbocharger the LDS-485 develops nearly 60 more horsspower.
Glven proper care, the fuel and afr induction sysieins will have very few breakdowns. From the
repairman’s standpoint, proper care means making sure that the fuel and air delivered to the
engine are as Olean as poseible. Servicing filtera 1s an gbsolute must, Otherswise, the expensive
injector pumpa and nozzles will be ruined and the engine itself will probably be damaged. You
can also sxpect engine damage if the injeotor pump s incorrectly timed to the engine, It the pump
timing 1s advanced too far, injection will take place earlier on the compression stroke, The
resuiting combustion pressure will try to drive the piston down before It reaches the end of the
compression stroke, If the timing {0 late, the fyel-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 gaces,
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Fig 3-22, Turbosupercharger action,
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UNITED STATES MARINE CORPS
MARINE CORPE INST" 1ITE, MARINE BARRACKS
BOX 1778
WABHINGTON. D.C. 20013

AUTOMOTIVE 1PURL AND EXHAUST SYSTEMS
Losaon 3

Fundamentale uf Compreasaion=Ignition: Fuel Systema

STUDY ASSIGNMIENT: MCI 35, 25a, Awutomotive Fuel nnd Iahouwat Systema, chap 3,

LESSON OUWJECTIVE: Upow succeaaful completion of thia lesaon, you will be able to identlfy the

basic fundamentals of the ¢compreasfon~ignition fuel aystem,

WRITTEN ASSIGNMENT:

!\.

Multiple Choter: Sclect the ONF anawer which BEST completes the astatement or anawera the
questlon,  After the corvegponding ny ther on the answer sheet, blacken the appropriste box.

Value: 1 podit cach

l.

+,

=

What 18 the purpoac of the fuel gystem?

o. To diatribute clean, atomizod air to the cylinders at exactly the right time
., To remove burned gas from the eylinders

v, 'To distribute elean, atvmized fuel to the cylinders at exactly the right time
«d. Tou atore fuel at the proper temperature

flow {4 fuel Introduced into the compreasaion=ignition engine eylindora?

a, Ry the injectors ¢, By the intake manifold
b, By we earburctor d, By the intake valves

What dues atornized mean when deseriblng compreaslon=ignition englnea?

a., Water in a vapor form ¢, Fuel in the “orm of a fine spray
b, Water in very amall droplets d. Fuel that has boen filtered

The {njector pump design on a combuation-<ignition cngine determines the different
classifications of the

a. fusl gyatemn, c. engine cooling ability.
b, air intake syvatem, d. fual Intuke syatom,

Whist are the tiaee main aectiona of the injector pump?

a, ftelay, retard, and metering scctions

Y%, Forward, center, and rear acectiona

v, Intake, metering, and exhaust soctions

d, Primary, intermedlate, and final flow gectiona

The ftve maln parts of the fucl injactor pump are the advance unlt, upper part, lower part,
governor aaaembly, and the

it, hydraulle head. c. operating head,
b, cente: part, d, fuel density compensator,




0.

10,

11,

I3,

1.

X
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The fnctioning of the lnjector pump reliea on the

a, hydeawlic hoad, fuel plunger, und fuel plunger aleevo,

b, wmlvance moter, Intake and exhanat valves,

¢. Mrel donaity compe:  ator, the main motering jet, and the Injectors,
d, aize of the injectors,

Fuol Intake beginning 2f delivery, Adelivery, and end of delivery are phagea o1’ a

. i, fuel system operation on the combuation=ignition engine.

b. fuel system operation on the apark-lgnition engine.
c. carburetor operation on the combustion-ignition engine.
d, carburctor operation on the aparkeignition engine.

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

a, pnlling o manual control on the instrument panel that shuta off fuel to the injectors.
e turning off the igrition switch.

¢, depregsing the necelerator to the floor which chokes out the engine.

d, pulling out the chuke cablc and flooding the engine out.

Which scetion of the injector pump controls engine apeed by reducing the amount of fuct
delivered to the englne?

a. Metering ' c, Covermor
b. Advance d. Regulator valve

What ia the function of the fucl density compenaator?

a, Correcta the englne apeed varying with different fuels
b, Fliters fuel prior to entering the injector pump

c. Supplies fuel to the Injector pump

d, Atomizea fuel before ontering the lntake manifold

Increaging engine power and fuel ceonomy at higher engine specda 1a the function of the

#. fucl density compensator,

b, fuel injectors,

¢, automatle advance unit in the injector pump,

i, hvdvaulic head saud fucl panger In the componsator valve,

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

a, Spark-lgnition engloe c. Aifr cooled englne.
b, Corilugtion=ignition englne d, PFuel induction engine

The: fuel systeay on the spark-lgnition engine allows afr to enter the
extinders,

e miainmm cs  moetered
L, waximum o, superchatged

What viteet does a supeveharger have on the vylinders?

a, It caugrs lower compregsion and higler combustion pressures.,
b, It causes lower compressior and combustion pressures.
¢, It causey highor conpression ol combistion pressiures.
d, W oeconges Wpher compresglon amd lower sombustion progsures ,

Yy, '.35
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L, What 18 the purpose of & supercharger on a multifuel englue?
. To wlvance the timing at Ligh engine speeds
b, To votawt the air pregsure at high engine spocds

«. To foreo wnee atr throngh the sir buluction syatem
d. To reduce the alr (tow to the cylinders

Totul Pofluts: 16
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Chapter 4
MAINTENANCE OF COMPRESSION-IGNITION ENGINI FURL SYSTKMS
41, INTRODUCTION

While (t I8 true that most of the major maintenance on compresalon ignitlon fuel aystama
will e Jdone by fuel ant electrical systems repalrmen, there atill are many things that are done
by an orpanizational repalrman, Wor inatence, you, aa a wheeled vehicle mechanic working at the
organlzational level, may be called upon to do any of the following: inspect, test, service, clean,
tlghten, make some adjustments, or even replace some componenta of the fuel and alr induction
sydtemid. Tt can be yaid that your work will be detecting and repalring troublea while they are
stiall and hefore they have a chance to cause more serlous probleris. This 18 probably the most
fouportant part of all maintenance,

1=2, INARPECTION OF COMPONENTS

1lue to the large number of vehiclea with multifuel engines that the M.arine Corpa has, you
wlll probably do more work on multifuel fuel aystema than on dlesel fuel systema. Therefore,
we will spend the major part of this leaaon on the maintenance of alr-fuel systema of the 2 | /2«
ton trucks M35SA! and M35A2 which are powered by a multifuel engine. To begin with, let’s dla~-
cuys how you should go about the job of inapecting the airefuel systemsa of these trucks,

n, Fuel tank (flg 4<1). Start by Inapecting the fuel tank for holeas, rusty spots, and proper
mounting. If the tank has a rusty apot or if gote other part 1a rubbing againat it, o leak will soon
develop, The common cauaes of leaku in the fuel tank are holea and rusty apots. Inspecs the
filler cap to make aure it seala the filler neck and that It 18 stfll secured by ita rotaining chain.
Check the condition of the filler neck and the fuel strainer. Make a visual check of the fuel gage
sending unlt and fuel pump electrical commectlona. Check for any damaged or leaking fittinga and
connectlona.

Fig 4=, Fuel tank,

. Fuel Hnes, Trace the fuel feed, fuel return, and vent lines along the frame. Check them
for heing broken, leaking, bent, crimped, r damaged in any way. Makas sure the lines are clipped
securely to the frame go that they won’t hreak from vibrating or wear ioles by rubbing against
nearby parta.

¢, Primary filter (fig 4=2). As you trace the fuel line you will first come to the primary fue!
filter which ls mounted to a frame bracket under the engine generator, This 1a the firat filter in

4=l
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the fuel systems Check the tilter closely for securs mounting, leaks, pnd damage. Open the

draln valve on the bottom of the fliter and watch for any dirt or water. Always ooteh drained fuel in
4 container and properly dlepose of It do that you wiil not cause a fire hazard. Although the primary
fllter and Ita fliter element are pot normally replaced unless defective, an excesslve amount of

dirt or water in the primary filter will requlre that the filter be taken apart and cleaned with a

dry cleaning solvent.

RELAINIE ¢
L4 REW AN -
B L

Fig 4=2, Primary filter.

ds Secondnry and final filters (flg 4=3), The secondary and final fuel filters are mounted on
the left rear of the enﬁﬂ. Remember that the secondary filter 18 often referred to as the engine
primary filter. [ any dirt or water ls found in the primary filter, drain the secondary filter. H
any s found in the secondary filter, drain the final filter, When a large amount of dirt or waier
is found in the filters, especlally the final filteys ulean the primary filter and replace the secondary
and finol fuel fliter elements. The procedures for doing thie are covered later.

(VENT YALVE

Fig 4-3, Secondary and final filters.

o, Fuel Injection pump (fig 4=4), Inspect the fuel injection pump, operating linkage, and
connecting linen for proper mounting, extermal damage, and leaks. Since engine lubrioating ofl
1% used in the injector pump, you will have to be on the lookout for ofl leaks as well as fuel leaks
while you inepect the injector pump. Also inspect the condition of the pt ective dust caps at the
high=predsure outlets of the injeotion pump hydrautio head,




INJECTION PyMP
PRESSURE Ok, HOSE §

Fig 4=4s TFuel injection aystem.

f. Nigh pressure lines, Inspect the high=pressure lines, fuel injector nozzles, and fuel return
lines for damage, leaks, and proper mounting (fig 4-5)s Use a wrench to check the fuel fnjector
nozzle mounting bolte for looseness., Any bolts that ape loose should be tightened with a torque
wrenche Use extremme caution when checking for leaks or working near high=pressure fuel linea,
The fuel is under enough pressure to puncture your skin and could cause blood poisoning. Keep
your hands away frotn suspected leake while the engine is running.

LFUTE marumm. TO-PUEL INIECTIOR

.. .'—"' ‘ -
IPUMP OVENNLO e - - wyv.

'h..,

o

Fig 4=5. High pressure lines.

g+ Alr induction system (fig 4-6)s Move to the opposite slde of the engine compartment and
inspect the air induction systems The key arer.s to check are the air intake or rain hood for excues
dirt and the air intake flexible tube for its condition, Make sure that no air leaks exist in the
flexible tuhes Check the air cleaner mounting bolts for tightoees. Release the air cleaner bedy-
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 bnse seats airtight againet the cleaner body,
Check the filter clement for excess dirt, evidence of water, hardening of the fiiter materisl, and for
any external damages
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Fig 4-6, Removing eir cleansr,

4-3, TROUBLESIHOOTING

a, Purpose {fig 4«7}, Even the best maintained mechanical equipment will break down or
glve sotne %ind of trouble. The multifuel engine fuel and air induction systems are no exception,
Various troubles can develop in these two systemes 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 15 not functioning or working correctly,
Ad a repairmaen you must look for the cause of the malfunction and correct the trouble if you can,
This procedure ig called troubleshooting. There are varicus methode 01 (roubleshooting, some
better than othera, Somsétimes 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
whut s included in = good troubleshooting system.

HOW TO TROUBLESHOOT

Ask questions,

Make visual Inspections.

Make an operational |ntpection,
Sum up the symptOms,

Locate the cause of the trouble.
Correct the trouble,

Lad b o nl b

Fig 4"70 How to troubleshoot,

b, Procedure. The fi ‘st step In troublexr 10oting is to find out as much information as posuible
ahout the equipment at the time it stopped working correctly, A good way to do this 1s to ask the
last operator Or driver of the vehicle to sXplain how the vehicle was acting. He muay be able to
tell you certain things that wlll help you find the trouble. We call these things symptoms. Examples
of the symptoms you may leam from the driver are: (1) the engine lost power on steep hille 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 misfived evory time it accelorated or speeded ups The second step I8 to maite an
inupoctlon of the equipmont that 18 not working correctly. {This step may bo your first step if v.u
cannot find the previous operator to quostion him,) Make sure that you look over the entire fuel
and aip intake aystem:s for anything that might seem to be wrong, Look for broken parts, loose
or womm parts, and leaks. Also look for anything that indicatos that part which may be in trouble
or may be causing trouble, This is another method of learning symptoms that may help you locate
the trouble (flg 4-8), :

Fig 4«8, Make a thorough ingpection.

If the engino will operate (run), start it and look for leaks around the fuel lines and
connections. This i5 known as an operational op functional inspections 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 lL.ose
or past a loore hose {fig 4+9),

SOMEONE
SMASHED A
FUEL LINE

Fig 4«9, 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 defectlve or msy be the cause of the trottble. Let’s say that the truck hae lost
power, One of the symptoms 1sarned from the driver ri’ck have been that it was using more
fuel than normal. These two aymptoms point out that the  2ngine i either getting too much fuel or
not enotigh aire One of the more probable causes in this case would be a partiaily plugged air
cleaner. The case of the plugged alr cleaner element above telle us somthing else. Don't be
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too hasty in replacing parts until all symptoms have been consldered, Symptoma that showed up
in engine power, fuel consumption, and the exhatst system {smoky exhaust) were coused by a
foulty olr intoke component. A poor troubleshooter may have tried to stop the engine from using
too much fuel by repoiring or peplacing parta in the fuel aystem. The maln thing is to try to find
out what {8 actually causing the trouble. This {3 called diagnosing the symptoms and fzolating
the trouble. Your organization also has some test equipment you can use to help locate the cause
of trouble. Later in this tesson you will learn how some of this equipment {e ueed. One of the
troublea that you might find {8 that the engine atops because no fyel £s being injected into the
cylinders, This could be caused by many different conditiona, 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 18 fyel in tha fuel tank. Make sure the fuel
ines nre not cracked or broken (fig 4-10), '

Fig 410, Conducting a visual inspection of the fyet aystem.

Exatnine the linknge to the fyel injector pump, The nccelerator 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 thia trouble {8 the fuel shutoff control, Make sure it 18 properly edjusted,
Adjustment 8 covered later in this leeson. Check to see if the shutoff control cable housing has
alipped reerward out of the clip on'the fuel injector pump as shown {n the accompanying figure,
Thlaucmdi:ilon can cauee the trouble as ft has the same effect es pulling out the controt in the
cab (g 4=11),

Fig 4«11, Fuel shutoff control cable.
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If you cannot fee anything wrong, check to see If the fucl lines are open from the tank to the
tucl injector purmnp fig 4-12), This can be done by firat disconnecting the fuel line at th> inlet
side of the injector purnp hydraulic head, Then turn on the accessory switoh and see if fuel is
purnped from the tank through the line, Make sure you catch the fuel in a guitable container. In
the above inspection you ave only finding out If the lines are not plugged end the in-tank pump {o
operating. I the fusl doea not flow out of the disconnected Une, the trouble has to be back toward
the tank, If the fuel does fluw, the trouble must be in the fuel injector pump high=pressure lines
or Injector nozzles.
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Fig 4-13, Fuel Injector pump and lines,

If no fuel flowed in the above inspection, there could be many things wrong, The lines and
fiiters could be plugged or the in-tank pump might not be operating. If you listen closely to the
tank, you can hear the in-tank pump humming when it is operating, If the in=-tank pump is operating,
you can check its pressure as indicated later in this lesson. If the in-tank pump does not operate,
check out the electrical circuit to the pump as covered later In this lesson. If the in-tank pump
i« operating as it should but no fuel reaches the injector pump, the trouble can easily be located.
With the fn-tank pump running, loosen the fittings on the fuel lines or cpen the bleed valves one
at o time to see if fuel will flow out, Start at the final stage or engine secondary filter and work
toward the tank, Let's say the fuel leaked when you foosened the fitting on the tank side of the
vehicie primary tilter. However, nc fuel leaked from tha fitling on the engine side of the filter.
This indicates the troublie is in the fllter. It"s probably astopped up and neede cleaning.

If fuel reaches the injector pump and the linkage is all right, the problem must be in the
injector pump or the Injector nozzlem and lines. You are authorized to veplace the high-pregsure
lnes; however, it is unlikely that the¥ are all plugged, The next step would be to notdfy your eupport
unit of the condition. Another problem you may find in the fuel and air intake system is an ime-
proper fuei=pir mixture. We learned earlier in the lesson that a clogged air cleanar can cause
# nmoky exhoust and low engine power. It can also cause the truck tc use too much fuel in the
combustion chamber. The mixture 18 too rich or, in this case, does not have enough afr, Let's
see what else can cause an improper mixture of air and fuel, On the early 3 1/2-ton multifuel
engines, a turbosupercharger helped supply air to the engine cylinders. If the turbocharger is
defective, the fuel-air mixture becomes too rich especially st higher engine speedi. A defsctive
turhosupercharger will generully have the same symptoms g a clogged air cleaner. 1ms includes
a smoky exhauat, low power, and excessive fuel consumption. You should first check uw air
cleaner where this condition exists, If the air cleaner elemaont is not clogged, check the manlfold
heater gaskets for leakage, The gaskets could be blown or the manifold heater elbow could be
loose. Any leak in this apen Wwill decrease the turbosupercharger output, This will cause the
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fuet-alr mixture to be too vieh, If the manifold henter gaskets are not leaking and the air cleaner
14 not clogged, you should notify your support maintenance unit, You &re not authorized to test,
remove, or replace lhe turbosupercharger, High fuel consumption le a problem that should be
looked into ne soon na possibles This problem meay not seem too imporiant; however, the driver
and other personnol nbonrd may be riding a very unsafe vehloles Let’s see how this is possible,
When o vehicle I8 using too much fuel, the first thing to look for I8 leakss I the driver t{ndlsates
that the engine s developing full power but uses too muoh fuel, it’s a good poseibility that this le
what {8 wrong, Much of the fuel 8ystem {8 on the right side of the vehiole, The hot sxhaust Bystem
is there olso, so you can sece the danger, Whils you are looking for leaks, make sure all fuel
Une fittings are tights If you find no lenks during the {nitial inspeotion, turm on the fn-tenk

pump and recheck for lenks. Start the engine and check for leaks.

Cheok the air intake system for blockage, such as a clogged air cleaners Remember, a
reatricted alr intake system generally causes black exhaust and low powere The engine will also
use too much fuel if the injector pump 18 out of time or s not in proper adjustment, Generally
when the engine 1s out of adjustment, it will also be low on powers If this gesems to be the trouble.
notify your support maintenance unit. You should also check the turbocharger for free potation by
vemaving the air lolet hose and rotating the compreseor by hand. If it doesn't turn freely it le
defective,  Notify your support maointenance unit. The maonifold flame hester nlds in starting the
mntltifuel engine when it 18 cold, Should you hove trouble starting the englne even with the use of
thw monlfold heaters it is posalble the heoter is not working properly, You can troubleshoot the
heuter in the following manncre

Inspect the entire intake manlfold flame heater agsembly, Make sure it ie all there and fo
connosted properlys I the fuel lines, wiring, and ignition unit look all right, find out which system
18 ot foulte It could be the fuel system or the ignition system. First, make gure there are no
leake when the intake manlfold flame Jieater switeh §8 closeds Next, disconnect the high«temsion
lead nt the vpark pluge Hold the wire about 1/4 inch from the metal part of the spark plug and have
someone turn on the intake manifold heater awitch, If electrical sparks continue to jump the gap
betwecn the wire and the plug metal, the electrical system is all rights If no spark jumps, check
out the electrical circuit as outlined later in this lesaons If the electrioal system ie all right,
check out the fuel system up to the fuel pump, Make sure the lines are not cloggeds If the trouble
lles in the fuel pump or nozzle, notify your support maintenance unit, You should now he able to
s2e what makes a good troubleshooting system. Be sure that you make an inspection before you
remove nny parts, Question the last operator, If possible, to obtain all the symptoms he may be
able to glve 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 sheck once you have corrected the troubles This will
insure that the vehicle is in operating condition.

4«4¢ TESTING FUEL PUMP

Testing sone of the fusl system components will gleo be one of your jobse Here are e few
tests you will huve to make and the procedures for making theins The in~tank fuel pump on the
M35A2 2 1/2«ton truck §s an electrio pumps This means trouble could show up in efther the
electrical system or the pump ftgelfs Here are the tests you oan make on the pump and how you
should maoke theme

a. Pump pressure test, Remove the bleeder valve frem the top of the final fuel fliters Install
the nippie or elbow, whichever i3 moit convenient. Attach the hoee assembly, connector, and gage
a8 shown in figure 4-13,
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Flg 4-13. Fuel pressure gage installed on engine (dual filters).

With the dual type filters used on Models 1.D-4858~1. LD-485-1C. LDT-485-1C. and
11)5=-465=1A connect the gage to the bleeder valve located over the final tilter, If present. 'This
locatlon will give a pretsure reading after the final fuel filter. Some dual type fuel fllters will
have only a single bleeder valve located in the center of the filter head. Fuel pressure readings
taken it the blecder ynlve ir the center of the fllter head will be before final flter. Fuel pres-
sure readings tuken nt the top of the final filter. Model 1,DS-485<2, will also be before final
fiiter. Fuel pressure ut the bleeder valve on the Model LDS- 185+! final filter will be after the
ﬁller.

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 (25 psi approximately} on the fuel
pressure guge will indicate an uperating vehicle intank fuel pump. i no pressure reglsters. the
intank pumyp and electrical connections should be inepected and the malfunction corrected.

Tho following fuel pressures. at engine speeds indicated. are required for normal engine
prrformance, 'ressures llsted cover the range for all approved fuels, ILower fuel pressure
readings will be obtained. at low dle speeds: with gasollne than with diesel fuel. Pressure read~
inge for other approved fuels will be between the two rendings. Pressure readings for high idle
speeds are for all approved fuels.
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_.}_[mlola rpm pst

All: (except late preduction Model/ 650-700 rpm 20 pal minimum
1Ar'-465-1¢%) (Fasolind
(ineludes eurly production Model/ 30 pal minimum
1.0T=465=1C) (diesel tuel)

Late production Model 1.0T -485-1C 600-850 rpm 20 pel minimum

{(gasoline)

30 psl minimum
(dlessl fuel)

Models: 11)+465-1. 1.D=465-1C. 2850-2900 rpm 60-80 psi
1IYC=-485=-1C, (,1)5-465-1. .
and [DS=465-1A,

Mudel 10154652 30503100 rpm 60-60 pal

With the engine at normal operating temperature, fuel pressure readings ghould be
noted and compared with the yhove rendings. if fuel pressures are below required pressure. the
filters must be ecrviced. Start with the vehicle primar filter and continuing with eech fliter, in
order, untii required fuel preessure reading is obtained. When fusl pressure gage ls installed be-
fore final filter (note above} and pressure readinge improve to the required range when second~
ary fucl filter ia perviced, the final fliter should alec be ssrviced.

I’'reasure readinge above required range would indlcate an obstruction beyond the point
where the preseure gage le lnatalled’or a malfunctioning overfllow valve (TM 9-2010-226-34).

Servicing the fuel filters should return the fuel pressure to acceptable limits; however,
if pressure remalns lows check the fuel filter pressure relief valve located In the fuel fliter hesd
on dual type filtersa. Remove the pressure relief valve and epring located in the fuel filter head.
Inspect the valve and 8pring for evidence of sticking due to dirt or rust. Check the 8pring agalinst
limite specified in repalr standards. [nepect the valve and valve seat for damage or wear.

Clean tne valve and spring and install parte or replace with new parts as necessary.

Should fuet pressure still not be within normal limite. replace the fuel injectlon pump
overflow valve.

it etiil low. replace fuel Injection pump transfer pump.

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

be Visual voltnge check, 1f the prevsure does not read from 3 to 5 pels don't be in too big a
rush to reploce the fuel pamp.  The reason It ien't working as It should niay be because the elece
trical voltage ut the pump lan't as high as It should bes or perhaps there s no voltage at 8ll. Such
conditions cun be caused by loosc or dirty electrical connections, broken wires, diacharged bat-
teries, or u bad accessory swltch. Before making any other electrical tests, make sure that the

batteries are in good condltion,

c. Voltage test using test equipment. To check to see if there I8 enough voltage at the pump,
Maconneet the wirlng harnees socket from the fuel pump nt the top of the fuel tank. The wiring
fineness contuing two wiree: a ground wires, und the wire from the accessory awitch, Now, using
i# low voltage elrcuilt tester or any sultable voltmeters connect the voltmeter negative lead to the
veldele trame.  Then connect the positive voltmeter lead to the wire at the wiring harnegs socket.
Turn on the accessory ewitch. The voltmeter should read at least 24 volte. The voltmeter will
not be discuseed in this course. If the voltage is 24 volts or mares any trouble will be In the pump
itaclf or ground wire. 'To check the ground wive, remove the negative voltmeter lead from the
vehicle frame and connect {t to the proper wive at the wiring harnese socket.  With the accessory
switch on the positive voltmeter lead stlll connected to the wires the voltugle should read at least
24. If 1t does nots the trouble I8 In the ground wire. If the voltage vewding te OK, the pump le bad.
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{f no voltage or low voltage 1 shown when the voltmeter 18 connected to the wire and the
vehicle frame aa deacribed in the poragraph above. the trouble 18 most llkely in the accessory
swhich or wire. To pin thie down even more, remove wire from the acceapory switch and con-
nect the positive lond of the voltmeter to the accessory awitch in place of the wire, Re gure the
negutive volimeter lead 16 connected to a good ground, and turn tho accessory switch on, If the
voltmeter now shows 24 or more volte. the trouble i8 In the wire between the accessory switeh
and the fuel pump. If l1ess than 24 yvolts is 8hown at the accessory awlitch terminal, the trouble
18 {n the switch or the clrcult between the awlich and the battery {fig 4-14),

Check the 2-ampere fuse located under the electrical connector cover located on the fuel
tank. The cover I8 secured by three nute. Visual inepection of the fuse will taU if the fuse is
defective. if It I8 defective. replece it and reconnect the harnean. If the fuge blows agaln aftar
the pump has been reteated, the In-tank 18 defective. ]

An clectrical teat can also be made if visual inapectlon determines the fuae la satlafactory !
and the pump stlll doean’t operate. Use a multimeter check for continuity in the fuse., If a read- '
ing is obacrved. the fuse la good; if no reading la ocbaervecd, the fuse I bad and muat be repleced.

Fig 4~14. Fuel purp voltage test.
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4=5. ADJUSTMENT OF LINKAGE

a. Throttle linkege ndjustment for Models
I.I)-435-1. l.l)-‘lﬂﬁ-l(‘. laDT“‘Gﬁ‘lCo LlJS"lﬁﬁ-l.
and [.1)S=485=1A.

Cut the seal lockir § wire and remove the
high specd adjuating screw cover (fig 4-15).

Hold a short strip of paper hetween the in-
jection pump stop lever and the high speed adj1et~
ing screw (fig 4-186).

Fig 4=15. Fuel injection pump
with tamperproof
covers and sleeve
Instrlled,

Fig 4-18. Checking the throttle linkage adjust ment.




With the poper strip In position. have an agsletant depreas the vehicle accelerator pedal
untll It 18 agninet the full throttle stop on the floor. and hold this position. The Injectlon pump
gtop lever muset be Ln contact with the high apeed adjusting screw. locklng the paper strip in posi-

tion. If the paper strlp can be removed {without tearing) the vehicle accelerator llnkage must be
ndjusted.

Adjust vehlcle accelerator llnkage:

Remove the throttic return spring (tig 4-16) and disconnect the accelerator rod llnkage

Hold the accelerator pedal against the tull throttle stop.
tlold the Injectlon pump stop lever agalnet the high specd adjustment screw.

Check the hole alinement between the accelerator linkage yolte and the operating lever.
The yoke hole should be misallned 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 llnkage and install return spring (tig 4-16),

OPERATING LEVER

HE TAINEH PIN HOLE
{HOLD HALF-OFF CENTER}

P'ig 4-17. Checking governor operating lever and
sccelcrotor red ulinement.

Adjust the Idle or high specd scrcwe (tlg 4-18). |f nccessary. to rated ldle or governed
wo lowd rpm.

4-124

98




b. Throttle linkage adjustment {Model L.DS«465-2),
Cut the seal locking wire and remove the high speed adjusting avrew cover (fig 4-185),

Check throttle linkage adjustment following instructlons listud above. If the paper strip
can be removed (without tearing) the vehlele accelerator linkage must be adjusted.

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

Check the position of the fuel Infectlon pump operating lever on the shaft, using template,
as shown in flgure 4-16. The template must be held flush against the side of the transfer pamp
with the cutout In the template seated on the operating ghaft. The centerline mark on the template
must aline with the operating lever shaft.

When the fuel injectlon pumnp operating lever
does not aline with marks on the template {full rack
position), fuel injection pump calibration must be
checked on a test stand.

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

Adjust idle speed screw {fig 4-16), if necea-
sary, to rated ldle speed. High speed gcrew should
only be adjusted on fuel Injection pump test atand.

Fig 4-18. Checking operating lever
travel (Model LDS-465-2).

¢. Adjusting the fuel shutoff controls The fuel shutoff control ahould be adjusted in the follow=
ing manner: (1) Push the engine stop knob on the dash panel all the way in. (2) Loosen the lock-
ing serew on the fuel shutoff control wire. (3) Push the injection pumnp fuel ghutoff control all
the way In. (4) Now tighten the locking serew on the fuel shutoff control wire so the shutoff con=
trol will be held all the way In with the engine stop knob pushed in (fig 4-19).

Fig 4-10. Shutoff control wire.
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4-6, COMPONENT SIRVICING AND REPLACEMENT

Since servieing und replacing some multifuel engine fuel aystern components will also be
part of your job, we will dlscuss how you should go about doing some of these tasks.

a. Servi ing the alr cleaner (fig 4-20). Use the following procedures to service or replece
a dry-type alr cleaner filter element: (1) Loosen the clemp securing the air cleaner bonnet and
remove the bonnet. The air cleaner bonnet 18 also commonly called the raln hood. (2} Releese
the hood side punel latches and lower the slde panel. {3) Release three "pop-up" type clamps
securing the alr cleaner to the air cleaner support bracket. (4) LI the air cleaner from the
engine compartment. (5) Then Uft the dry-type fliter cleaner from the air cleaner. (6) Use
compressed alr to cleen the element. (7} Replece the element If it 18 dam-ged In any way that
wiil ullow unfiltered air to enter the engine. (8} Amssemble the air cleaner in the reverse order

of removal,  Procedures end requirements must be In accordance with instructlon in indlviduel
FM's.

MV (AL ATEe

VAN l

Fig 4-20. Alr cleaner.

b. Servicing fuel filters (fig 4-21). The engine primary and final fuel fiiters are alike,and
the fiiter elements for both filters are replaced as follows: (1) Open the drain valves and drain
both fliters. The fuel will drein faster if you open the bleeder velves (also called vent valves)
at the top of the filters. (2) Remove the retaining screws end gasket weshers on both filters
and remove the fHiter element cases. (3) Remove the dlscard the gasket washers, housing
gaskets, gasket washers, housing gaskets. and f(ilter elements, asaemble the flliers la the re-
verse order of disasse mbly.




Fig 4-21. Fuel filters,

Co Fuelgxstemble%.. The fusl system must be bled to remove air any time the filters
ared , auch a8 the filter elements are Teplaced, To bleed the filters, close the drain

valves end open the bleeder valves on the fuel filters, Next, turn the accessory switch on and
allow the in=tank fuel pump to fill the filtsra with fuel. Repesatedly open and close the bleeder
valves until all al~ bubbles disappear. Close both valves, Now, start the engine and agatn check
for air bubbles at the bleeder valves,

d, Servicing the turbosupercharger, Turbosuperchargers on ‘aultifuel engines are Jubricated
by engine oil and have external oil iniet and ofl drain tubes. It is very possible that you will have
@ chance to replace these tubes, Here is how you should do it, To replace the turbosupercharger
oil inlet tube, disconnect the tube from the elbow fitting that is sorewed into the engine crank-
case ofl pussages Then remove the two sorews and washers secnring the inlet tube to the top of
the turbosupercharger, Lift the tube from the engine compartment and discard the tube and the
turbosupercharger 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 {fig 4-22).
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Fig 4-22. Ofl inlet tube,

To replace the ofl drain tube hose, 10osen the two hose clamps securing the hose to the
turbosupercharger anu the engine crankcase tubes, Slp the ofl hoge from the tubes, Clean the
connecting tubes on the turbosupercharger snd the engine crankoase before installing the new
hose. The airhose conneoting the tuzbosupercharger to the intake manifold may also need to be
replaced, To do this, 1oosen the top and bottom hose clamps. Next, slide the hose down on the
supercharger afir cutlet until {t is free from the intake manifold, Then push the hose t0 one side
and pull it up off the supercharger. Finally, position the new hose in the reverse order of the
removal procedures and tighten the seouring clamps {fig 4-29)..

Fig 4-23. Ofl drain tube and intake manifold hose,

W injector linen, If a high~pressure fuel injector line {s leaking and it cannot be
y tigntening, you should replace the lines Remember to use caution when working on
or near high-pressure lines,

(1) Removal {fig 4-24). To remove a fuel injector line, remove the two eelf-locking nuts
securing the inner and outer mounting clamps that clamp the line to be removed. Siide
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 18 removed, Now, unscrew the injector tube nut at the injector nozzie
and remove the line,
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Fig 4-24. Fuel Injector lines.

(2) Replacing. When you are installing the new line. Position it as shown in the accompany=
ing {llustration, Start the tube nuts at both ends of the line befor e tightening the nuts or
line clamp. Make sure that the dust cap ia in place and that the clamp holds the line
firmly. Start the engine and check for fuel leaks.

(3) Fuel injector nozzle and holder sssemblies. All fuel injector nozzle and holder‘ assem-
blies are removed in a similar manner. For Instructlonal purposes, No. 1 fuel Injec-
tor nozzle will be removed,

(a) Removal. Diaconnect fuel return to fuel injector pump overfiow valve tube (A, fig
4-25) Trom tube tee in nozzle and holder assembly. Diaconnect the fuel injector
nozzle fuel return tube (B) from between the tube teea in the fuel injector nozzle
and holder assembly. Remove the tube. Remove the fuel return tee (C). Discon-
nect the fuel injector tube (D) from the fuel injector nozzle and holder assembly.
Remove the two capacrews (E) and lockwashers securing the fuel injector nozzle
and holder assembly to the cylinder head.

Flig 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 4-26) with holddown clamp
(B} nttached. Remove the holddown clump from the nozzle and holder assembly. Note the posl-
tion of the dowel pin hole in the clamp and locating dowel pin in holder. Remove and discard the
fucl Injector nouzezle gusket ("}, Remove the dust seal (D)., Do not discard the peal if it is ser-
viceable. A new or Berviceable scal must be Installed at aspembly. Plug openings to prevent
entry of dirt.

Flg 4-26. Removing or Ingtalling fuel
injector nozzle and holder assembly.

If the nozzle and holder i8 selzed in the cylinder head. ingert the threaded end of the
fabricated nozzle and holder remover {flg 4-27) in the threaded opening of the holder. as shown
in flgure 4~27. and remove the holder assembly from the cylinder liead with the glide hammer
attochment.

NOZZLE AND HOLDER ASSEMBLY

LOCATING DOWEL O

PIN SUDE, HAMMER

¥ig 4 27. Removing nozzle und holder assembly
using fabricated remover.
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(h) Install nozzle and holder assemblles on nozzle tester.

Before teating the nozzle and holder assembly, clean the nozzle external area to remave
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. FIlIl reservoir (B) with fuel. Close the presaure gage valve (C),

Actuate the pump handle (D) approximately 25 strokes to ¢Jear all slr from the nozzle and hold-
er assembly.

CONNECTOR TUBE P

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

Warning: The penetrating power of atomized fuel under pressure from the injector nozzle
is sulficient to puncture the skin and may cause blood polsoning. Keep your hands
awey from the nozzle during test.

{c) Test nozzle and holder agsembly.

Open the pressure gage valve and actuate the tester slowly to ralse pressure. Note
the gage presgure when the nozzle opens. New nozzles should have an opening preesure of 3050~
3150 psi, v+'nd uged nozzles ghould have a minimum opening pressure of 2800 psi, to be consldered
scrviceabix. Used nozzles with lege than 2800 psi opening pressure must be adjusted to obtain
3050-3150 psl. A pressure range of not over 300 pal., for the complete set of nozzles. must be
maintained for ontimum performance.

T wo optional construction nozzle and holder assemblies have been auppllied. One type
incorporatce sn adjusting screw to adjust opening pressure. The second type requires the removal
and lnatallation of shims to adjust the pressure.

Turn adjusting screw clockwlse to increase pressure and counterclockwise to decrease
pressure. TIighten the locknut and check pressure. Torque tighten the locknut to 40-45 pound-
feet, after pressure is adjusted, and recneck the pregsure. 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-
crense presgure. 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
speclfied opening pressure is approached, observe the nozzle spray hole(s). If a drop(s) of fuel

forms. or If fuel issues as a atream below 2800 psi, tie nozzle must be cleaned and repaired or
replaced.
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Close the pressure gage valve and operate the pump handl: at approximately 18 strokea
per minute. Nozzles for Modela LD-465-1, LD-485-1C, LDT~468-1C, and LDS-485-1 have two
apray holes and will have a duel epray pattern. Nozzles for Models 1,.DS-4658~1A and 1.DS~4658-2
have one apray hole and will have a single spray pattern, If the hole(s) are clcan, the pattern
should be sharp and conclee (refer to figure 4. 29}, 1f the apray pattern La poor and does not Im-
prove with continued operatlon of the tester, the nozzls muat be cleaned and repaired or replaced.

Normally a nozzle will bark (chatter) when the valve opens. Chatter should be distinet
and regular although an occasional sklp or varlation in aound pitch la acceptable. This condition
generally accompanles a properly functloning nozzle and [ndlcates thut the yalve la free end the
valve aeat surface L8 clean, Pump the handle rapidly and obgerve that a flne spray la emitted and
a chatter or squeak sound is heard at each stroke. If chatter and sound pltch are Irregular, and

do not Improve with continued operation on the tester. the nozzle must be cleaned and repalred or
replaced.

 ald BRAY
PATIERN M
LD-408-1 LOS-488-1A
LD-43-1C LD8-400-3
LOT-408-1C
LOB-443-1

Fig 4-28, Typical nozzle and holder spray patterns.
(d) Disasaembly,

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 L8 removed. Remove cap (C), Remove and
discard the cap gasket.

é:ml"mll injecter neasly amd helder ssambly

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

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

Place nozzle holder (A, fig 4-32) in a vise. Remove nozzle capnut (B). Remove nozzle
body {(C} and valve an 8n assembly.

Cautlon: The valve should not be handled with your bare hands. Such handling will wipe
oll fllm 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, epindle. and gaeket (adjuat=

ing screw typel.

TORQUE TIGHTEN
INOZZLE CAP NUT TC
40-55 POUND FEET
PURING ASSEMBLY

§- N

Flg 4-32. Removing or installing nozzle
capnut and nozzle assembly.

vEMCYE v AL E RO 05T,
LALE MUSE 0T COME B
CUREACT S it HANES, AS
IS WL &k On, ' 90M PO
" LMED SUSFACE AND Gy
Py A STICKIN G v ALYE, M

Fig 4-34. Removing or Installing valve.

4-22

107




. Shim-type nozzle and holder agsembiy,

Remove cap (A, fig 4-34) shims (H), spring {G), and spindie (F} from the nozzle holder
bedy (1),

A~ D — Nossle cnpr
B Neiste holder body =
C — Nottle axsembly — Bpindle

1 Ve a-

2 Necsls body -Jd

I'ig 4-34. Fuel injector nozzle and holder assembly
-exploded view {ahim type).

Place the nozzle holder in a viee as shown In figure 4-32 and remove the capnut (D, flg
4-34). Hemove the nozzle body (C-2) and valve (C-1) as an assembly.

Remove the valve from the nozzle body by using pllers as shown In flgure 4-33,

(e} Cleaning,

Souk the valve {(C'-1, flg 4-35) and nozzle body (C-2} in carbon removing solvent to re-
move major carbon deposita.
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A —Cop ¥ — Spindle
B — Notvie hokder body G~ Spring
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D-ﬁm Z Cop gk
£ — Gaakat

Flig 4-35, Fuel Injector nozzle and holder assembly
~exploded view (adjueting acrew type)s

Cleon the valve {C=1 fig 4-35) with a soft cloth or a Jelt pad and mutton tallow. The
valve can be hold by the stem Ln a revolving chuck during this operstion, A plece of soft wood,
well soalkted In oll, may be used for cleaning carboh from the valve,

(‘autton: Do not scrape carbon from the valve or Inner surface of body with any sharp tool,
abraslve 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 o 0.025~Inch d'ameter cleaning wire, 1/se extreme care while eleaning to prevent break=
age of the cleaning wire In the hole; It 1s often Impossible to remove broken pleces,

Clean the Inslde ¢f the nozzle body {(C-2 fig 4-35) with 8 formed plece of soft wood,
wcll soaked in oll, The polnt of the wooden probe ghould correspond to the angle of the valve seat,
Clean the outer surface of the body with a soft cloth soaked ln earbon solvent, Do not ecrape
carbon from the surface around the orlfice,

Clean cap (A, fig 4-35), nozzie holder (B), capnut (D), spindie (F), spring (G), adjusting
screw (11), locknut gasket (J), 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,

() Ingpection,

Inspect the seat of the valve (C«1) and nozzle body (C«2) for evidence of wear, distortion
of the valve geat due to pounding, diseoloration due to overheasting, 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 ald, Inspect the body valve seat ueing a
strong light and o mognifying glass for scratches, discoloration, wear, pitting, and evidence
of pounding, Defective parte are cauwe tor replacement,

4-24 1 Uf)




Inspect nozzle spring (G) for cracks and evidence of wear.

Check apindle (F) for etraighinesa. Check the spindle with a etraight ocdge and strong
light in at least two positions 90° apart. Replace the spindle If not straight.

Check nozzle capaut threads. nuzzie holder body threads. and adjusting acrew threads
for damage. Replace aozzle and holder assembly when these threads are stripped or damaged
heyond rcpair.

(#) Repair. Repair of defective parta ie limited to the reconditioning of domaged tareads and
the lapping of the valve to the valve nozzle body. Repair damaged threads. and lap the valve in the
body to remove minor discolorationa. Replace parte 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 asBembly when lapped sealing surface of the body is badly scratched or nicked
or when pollahing on a lapping plate does not remove the defects. Remove minor acratches from
the sealing surface with fine compound on a lapping plate. The nozzle body must be held flat on
the tapping plate during thla operatlon. Replare the nozzie body If the locating dowei pin is 10cae
or damaged.

(h) Assembly. Refer to instruction on the adjueting screw type nozzle and holder asaembly
or shim type nozzle and holder assembly above and reverse the instructlons to assemble the fuel
injector nozzle and holder aspembly. The nozzle assombly {C) must be centered In capnut (D)
during assembly. Torque tighten the capnut to 47-46 pound-feet. Test the nozzle after assembiy.
bgerve 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 apsembly is precision manufactured and assembly
requires speclal precautions. The nozzle must be clean and free of any grease deposits or finger
staing, Store the nozzle and holder assembly in a suitable container to prevent entrance of dirt.

(i) Installatlon.

C'oat the fuel injector nozzle and holder assembly body (fig 4-36) with high temperature
sllicone compound. conforming to Mi1,-5-3880. before Installation.

Reverse the Instructions llsted above to inatall the fuel injector nozele and holder aspem=~
hly. Inatall 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 pin hole over the dowel pin in the nozzle and
holder nsaembly.

T lghten holddown clamp screws evenly to prevent uneven streas on the clamp and nozzle.
Torque tighte;s holddown clamp screws to 150-176 pound-inchen.
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Fig 4-36. Cooting fuel injector nozzle
holder body before Installetion.

A cross-gectionnl view of a typlcal fyel Injector nozzle and holder assembly s shown
in figure 4-31.

I'ig 4-37. Yu_. injector nozzle and holder
asscmbly -sectlonal view.
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35,250

UNITED STATES MARINE CORPS
MARINE CORPSE INSGTITUTE, MARINE BARRACK®
O 1770
WABHING7ON. D.C. 20013

AUTOMOTIVE FUEL AND EXHAUST SYSTEMS
Lesgon 4

Mainienance of Compresasion-Igni.don Engine Fucel Syastems

STUDY ASSIGNMENT: MCI 35,2560 Automotlve Fuel and kxhaust Systems, chap 4,

L1SSON OBIECTIVE: Upon suceeseful completion of this lesson, you will be able to identify the
basic maintenance of the compression=-ignitlon englne fuel gystem.

WRITTKN ASSIGNMENT!

A, Multiple Choice! Select the ONE angwer which BEST completce the statement or angwerg the
question.  After the corresponding numher on the answer sheét, blacken thu appropriate box,

Value: 1 point each
1. What effect will holes and rusty spots have on the fuel system?

a. Pevelopment of excegsive fuel in the fuel lines
b. Exceesive pressure In the fuel lines

c¢. Loss of fuel

d, Clogged fuel lines

2. To help elin i.:ate vibration In the fuel lines, the lines must be

a. secured properly to the vehicle frame.
h. made of copper to cughion the vibration.
¢. secured by rubber clips.

ds made of rubber or glmilar materials.

3, [ dirt and/or water are found in the primary filter located on the engine frame, you would

n, drain and chock the secondary filter.

b. drain and check the Injector pump.

¢. drain the fuel tank,

d. drain the final filter to eliminate a possible alr leak.

4, When would you drain the final fuel fliter?
a. After draining and clepning the fucl tank
b. 1If the injector pump has an air lock in the line
c. [f the primary fliter hag an air lock in the Une
d. After draining the sccondary filter and discovering dirt or water

5. The key points to check when Inspecting tho fuel Injection pump ape proper mounting,
extenal damafie, and

a, air leaks. ¢, evidence of water.
b. fucl or oll lcaks. d. overheating.

6. Why are high pressure lines consldered dangerous?
n, They could hreak and puncture your skin.
b. They will axplode when exposed to moderate heat.
¢, They are undey pressure all the time.
d. They emit a polsonous gas when ruptured.
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8,

10.

11,

13.

14.

16.

What is the alr intake or rain hood in the alr induction systcm checked for?

a, Excoss dirt c., l¥xcc8s heat
b, Lcaks d. Water vapor

The flexiblc tube in the air induction system should be checked for

a, leaks. c. watcr.
b, dirt. d. rust.

What i8 a good way to start your troubleshooting of a malfunctinning vehicle?

o, Rcfer to the last quarterly inapection.

b, Find out when the next quarterly is due.

c. Ask the last driver of the vehicle how the vchicle was acting.
d. Update the gcheduled preventive matntenance.

Where I8 the preasure gage connected when making a frel pump pressure test?

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

The voltmeter is ysed when making a fuel pump test to determine

a. the gmount of resistance. c. voltage at the pump.
I, ampcrage flow. d. fuel flow.

The control linkage sdjustment for the injcctor pump 1 the main adjustment that you, as
an orgonizotional mechanic. can make to the

a. tmultifuel engine Injector system,

b. compressivn-ignition fuel and alr systcm.
c. choke circuit

d. dupcrcharging systcm.

Proper malntenance when cleaning the dry type alr cleaner is ¢lcaning it with

a. solvent, c. gasoline,
b, Soap and watcr. d. compressed air.

Cleaning the filicr clements, installing new gasket washers and housing gaskets, and
replacing the filter elemcnta are procedurea for servicing the

a, primary fucl filter. c. cngine sccondary and final fucl filter.
b, fucl pump fucl filter. d. in line pump filters.

The bleeder valves on the fucl filters are ysed for what putrpose?

a. To drain idr from the fucl

L. To prime the fuel system on the multifuel engine
¢. To take a firel pump pressure teat

d. To check the filters for dirt, watcy, and rust
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i6. Where does the turbosupercharger on the multifuel enginea recelve its lubrication from?

a. It has ite own oll suppliy system.

b. It receives its olf from the tranamission.

c¢. It reccives its oll from the cngine lubrication system.
d. It has an external oll reservolr located Inslide the cab.

Total Pointy: 10

it % i

36,45
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Chapter §

CONSTRUCTION AND OPERATION OF EXHAUST SYSTEMS
S=1, INTRODUCTION

The exhaust saystem ia a relatively simple part of a vehicles However, it plays a very im-
portant part in yehicle maintenance, Above all, leaks in the aystem must be promptiy ropaired,
An you know, exhaust geses contain carbon monoxide which is a deadly polsonous gas, Carbon
monoxide is especially dangerous because it {s coloriess and odorless. The driver and passengers
of a vehicle can inhale a fatal dose of carbon monoxide without knowing it, This can be the reault
of an improperly repaired or defective exhaust aystem,

JOE, WHAT (5 THE MAMN

THING TO
Ay %c.;:*a.'a o

Fig 5=1, Exhaust gases contain the poisonous carbon monoxide gas.
5-2, PURPOSE OF THE EXHAUST SYSTEM

The exhaust gas leaving the engine (s very hot and contailns corrosive substances, It can
ruin flexible hoaes, {nsulation on wiring, end paint on the vehicle, It can also atart fires, In
additlon, the exhaust gas leaves the engina undar high prassure, ereating & loud, undesiravle
nolse, The purpose of the exhaust aystem i8 to direct the exhaust away frotm the operator's and
pass.ager's compartments and away frotn electrical wiring and other materials that the exhaust
can damage, The system must also include 8 means of mulfling the noilse created by the escaping
gasea, A typiesl exhaust system ig shown in figure 5~2, It consiats of the exhaust tnantfold, ex~
hauat pipe, muffler, tallpipe, and clamps. Often the exhaust and teilpipe are made up of several
piicess Notice that the tailpipe in the figure has three sections, C, D, and K,
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A-Fxhaust manifold FeFront-to-rear tailpipe clamp

B~Muffler G-Mulfler-to-taflpipe clamp
C-Front tallpipe H=Exhaust pipe

D=~Rear tailpipe J= Exhaust pipe-to=muffler clamp
E-Rear tallpipe hanger K=Tailpipe extension

Fig 5=2. Exhaust system.
5-3. EXHAUST MANIFOLD

The exhaust manifold (fig 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 aast iron or
assembled from gteel tubing. Usually. flanges are made on the manifold where it connects to the
engine and to the exhaust pipe.

Fig -3. Exhaust manifold.

5-2
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8. Flangea (fig 5-4), The mating surfacea of the flanges ere machined to a smooth finish tc
provide sn airtight seal agrinst the engine and the exhauat pipe to prevent the exhaust geses from
leaking. Sometimes a metal-to-metal contact {8 used to provide the seal, but most of the time an
asbestos gasket {8 used between the exhaust pipe and manifold outlet flange. Nuts made of brasa
are often used to secure the manifold flanges because brass doeé not rust. The extreme heat of the
exhsust causes steel nuts to rust very rapidly and thus makes them hard to remove.

¢ A=EXHAUST MANBOID G=FIONT EXHAUST Mg

. B=JAN NUTS MaHEAT SHILD
| C=HANGE CAP SOMW NUTS J=HEAT SHItID OIAWP
DfLANOE OAET NHEAT SHIELD BRACE
- BFLANGE SEAL L=SRACE STUD MU
FPLANGE CAP SCREWS

bt . ... .

Pig 5-4; Exhaust flanges,

b. Water jackets, Some military wheel vehicles use exhaust manifolds thet have water jeckets
for liquid coolant. Coolant thei ia used to cool the engine passes through the exhsust ghaes, reducing
the amount of noise, and reducing the damage that exhaust heat causes to the exhaust aystem and
other nearby parts.

c. Manuilold passage design (fig 5~6). Exhaust passages inside the manifold must be fairly
smooth and free of sny obstructions that will alow the flow of exhaust gases. Sharp turns should be
avoided in designing and menufacturing all exhaust system components. Often one exhaust manifold
inlet port handles the exhaust from two cylinders that are side by side. Thie I8 possible because
the two cylinders do not have their exhaust strokes at the same time.
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Fig 5=5. Manifold design,
5-4. INTAKE MANIFOLD HOT SPOT

On many spark ignition gasoline engines the exhaust gases are used to heat the fuol-air
mixture when the engine i eold. This ia done becavuse gasoline will not vaporize well when ecold.
1n order to do this. the intake and exhauat manifolds of in=line eng'"es are usually bolted
together and are designed so that the hot exhaust gases can flow througn a passage ground the in-
take manifold., Thia Passage {8 called the intake manifold hot spot,

8. Heat control valve (fig 5-6). To control the flow of gases through the intske manifold hot
spot, & valve is placed in the opening between the two manifolds. Notice that the valve can be

moved to elther open or close the opening to the intake manifold. The heat control valve may be
operated automatically or manually.

HEAT CONTROL VALVE

Fig 5«6. Heat control valve.

b, Automgtie control of hot apot (fig 5-7). For sutomatic control, a thermostatic spring is
mounted on the end of the heat control valve ghaft in the exhaust manifold. When the engine in
rold. the spring ia contracted and holds the heat control valve 8o that exhaust ga%es are directed
through the manifold hot spot, As the engine heats up. so does the thermostatic spring. The
heat expands the gpring. which turns the valve. Exhoust gases then travel directly to the exhaust
pipe. bypasaing the intake manifold hot apot,

H=d




Fig 8=7. Automatic control of hot spot.

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

Fig 8-8. Manual control of the valve,

5-6. EXHAUST PIPE

The exhaust pipe {8 the passageway for the exhauat gases to flow from the manifold to the
muffler. It {8 & heavy steel tube which may be flanged at both ends 8o {t 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 & clamp, Often, gt the muffier end of the pipe there
may be no flanges at all, Then the exhaust pipe slips {naide the inlet extension on the muffler and
s clamp is used to squeoze them together, making an airtight seal (fig §-9),
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8, Exhoaust pipe size. The diameter of the exhaust pipe {8 determined to a large extent
by the size of the engine. On & small, one-cylinder engine. a pipe no larger than 8 smail water b

pipe may be enough to do the job. A larger engine may require an exhaust plpe that {8 three or
more {nches In diameter to carry the larger amount of ¢xhauat gesen.

UL
Fig 5-9. Exhaust pipe.

b. Exhaust pipe length, The length of the exhaust pipe Is determined by the dealgn of the
vehicle. 1f the engine i8 in the front of the veliicle and the muffler 18 mounted In the rear. the
pipe will. of couree. have to be long. Often long pipes will be in two gectiona. To 'Provide as much
road clearance as poasible, 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. MUFFLER

The purpose of the mulfler 18 to mutfle (reduce) the exhaust noise. The perfect muffler would
ailence all of the nolgse made by the exhaust gases uno would eliminate all back pressure. However,
it I8 not practical to make a mulfler thie perfect. Therefore. mufflers in common use cause Some
back pressure and do not silence all of the nolse. The mulfler reduces most of the nolse by cooling
the hot exhaust gases to reduce the pressure. The chambers between the baffles inslde the baffle~
type mulller also produce a deadening effect by smoothing out the surges of gases flowing from the
cylindera. The straight-through-iype muffler will cause very little back pressure byt does not do
a8 good a job of mulfling the nolse. The baffle~type mulfler causes more back Pressure but doee &
betler job of mulfling the nolee.

a. Straight-through-type mutfler (fig 5-10)% There are two basic mulfler 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.

STRAIGHT THROUGH MUFFLER

Fig 5-10. Stralght-through muffler.

5-6
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b. Baffle-type muffler (fig 6-11), The other muffler design s called The baffle-type muffler.
Here the exhauat entera the muffler and then must travel through holes {n several baffles before
it escapes through the muffler outlet, Often & small hole 18 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.

BAFFLE TYPE MUFFLER

Fig 5-11, Baffle-type muffler,
5-7. TAILPIPE

The tailpipe carvies the exhaust gases from the muffier outlet to & point where they can be
safely ejected from the vehicle. It is made of steel tubing that may be & little smalter in diameter
than the exhaust pipe, A smaller pipe can be used because the mutfier has cooled the gases a great
deal, causing them to contract, The pipe may be gecured to the muffler by either & flange or s
alip-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 tellpipes to vehicle cabs (fig 6=13). Some tractor-type trucke have their tailpipas
run up the s .mﬁf%mmumm. )

Fig 85-13. Tallpipe attached to vehicle cab.

5«7
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b. Preparing tsilpipes for deep water fording (fig 5-13). To prepare a vehicle for deepwater
fording. a speclal tatlpipe extenalon {8 usually required. The extenasion {8 connected to the vahicie
tailpipe and extends up alongside the vehicle body. Pipes like these, or those on tractor trucks
that point up, should either be curved outward at the end or have a weather cap installed. Other-
wise. rain water can enter the pipe, The wgather cap may be 8 flapper valve that i8 closed by &
gpring or the weight of the valve and opened by exhausi pressure,

I/cum

-

/

-

o
—

/U“.Ol

Fig 5-13. Preparing tailpipea for deep water lording.
5+8. TYPES OF EXHAUST SYSTEMS

Vehlcles equipped with V-type enginea may have single or dusl exhaust systems. When the
dual ayaten) ie used, each bank of cylinders has a separate exhaust aystem with {18 own manifold

exhaust plpe. muffler, and tailpipe,

A, pual exhaust system (tig 5-14), The dual exhauat system permits the exhaust gases to travel
in & straighter path to the resr of the vehicle; thercfore, the dusl exhaust system causes lesa back
pressure than the zingle and i® desirable for best engine performance, However. the sdditional
parts that are required make dual exhsust.systems more expensive than single exhaust systems.

5-8
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Fig 6-14. 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, ‘(2 some enginas a
croasover pipe made (rom a steel tube connects the two exhaust manifolds togeiner. Exhaust
gases from both cylinder banks then leave through one exhaust pipe that ie connacted to one of the
exhaust manifolds, Another method used fa to bring together the sxhaust plpes trom the right and
left cylinder banks, forming a "Y" connection,

¢. Intake manifold hot apot on V- engines. The intake manifold hot apot on & gasoline
V-type engine generally has exnaus: openings lfu_nt lend from each of the two banke of cylinders
directly into exhaust Passsgen in the Intake manifold. Exhaust gases flow through the pessages
and the hot spot when the exhaust pressure is gréater at one bank of cylinders than at the other.
UsuallY the balance of exhaust pressures batween the banks yl cylindere is controlled by a heat

control valve located at the gutlat of one exhaust manifold.
5-9. EXHAUST OPERATED TURBOCHARGER

A turbocharger. when used, is mounted in the exhaust system. Its turbine housing ia gensrally
connected directly to the outle . of the exhaust manifold, All exhaust gaves leaving the manifold pass
through the turbine housing to drive the turbocharger, und thea escape through an exhaust elbow
to the exhaust pfpe. DLriving the turbocharger slows 2own tie exhaust gases some and, as you know,
alowlng down the exhaust gases reduces the engine's power output, With the turbocharger, however,
any power 1088 due (0 slowing the exhaust gases is more than made ufp by the increased intake alr
pressure (fig 5= 5}

5.9
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5«10. SPECIAL BYPASSES

Water tankers of the 2 1/2 ton~saries trucks have & special bypsss in their exhaust systems,
The bypass 18 used in cold weather to direct the hot exhaust ganes into & heat chamber under the
water tanks to help keep the water from freezing. A bypass control valve {a mounted {n the exhaust
system at the rear of the exhaust pips and in front of the muffler. - The control valve can direct
the exhaust geses either to the mutfler or to tha heat chamber under ;he water tank. A control
lever v nperate the bypass control valve is 1ocated in the vehicle cab {fig 5-18).




5-11. MAINTAINING THE EXHAUST SYSTEM

Maintenance of exhaust systems 1a about 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 eny particular vehicle.

a, Inspecting the exhaust system (fig 5-17). To inspect the exhaust system you will depend
moatly on your senses of #ight, hearing, and touch, Start at either end of the exhaust system and
work toward the opposite end, inspecting for leaks and for loose, missing, defectlve, and impro-
perly positioned components. Above all, don't run a vehicle engine for more than & minute or two
unless it is located in a wall-ventilated area. Otherwise, you may become @ victim of carbon

monoxide polsoning. Also, watch that you don't burn yourself on any of the parts of the hot
exhnust system.

WHY ARE YOU OPENING THE WINDOWS?

"1

BECAUSE WE ARE JUST SITTING HERE WITH
THE ENGINE IDLING. IF WE DONT GET ENQUGH
FRESH AIR, THE EXHAUST GASES MIGHT KILL US.

Fig 5-17. Proper alr ventilation.

{1) Exhaust leaks (fig 5-18). Exhaust gas leaks are your biggesat problem. You must make
asure that you /ind and make & note of all of them, regardless of how small they are. Bad
leaks make a lot of noise, so you can easily locete the general area from which they are
coming. Small leaks can be heard if you mowmentarity plug the tallpipe outlet, This causes
any leaks to make a hissing noise due to back pressure building up in the exhaust aystem.
After you find the general area of the leak, hold your hand near the “uspected leak, Eacaping
geses may bo felt striking your hand, But be careful that you don't get your hand too close
and get burned. ¢
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YES, PUT YOUR BOOT NGHTLY
OVER THE END OF THE TAIL

PIPE. IF THERE IS A LEAX,
YOU WILL HEARIT.

Fig 5«18, Checking exhaust leaks,

(2} Tightness, Inspect the exhaust manifold for tightneas and cracks. Look closely for
traces of carbon deposits that mey indicate & leak. Also, check to make sure that the heat
control valve for the manifold hot apot operates freely. All heat deflectors and shields
must be secure and properly positioned to protect nearby parts from the heat.

{3} Must end corrosion, When inapecting the exhaust pipe, muffler, and tsilpipe, pay
particular attention to damage ceused by rust and corrosion as they are the main causes
of these parts going bad. Often & muffler may look all right from the outeide but may be
rusted away on the inside. Bump the muffler 8everal times with your hand, 1If it rattles on
the ineiue, the baifles are rusted loose and the muifler 18 ready for replacement,

{4) tiangers. All parts must be held securely in the proper position by the hangers and not
allowed to bump or rattle againat the vehicle body, frame, or power traln parta. Ample
space muat exist between all hot exhaust 8ystem parts and items such ap electrical wiring,
brake hoses, and (uel 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) Lents. Any large dents in the muffler, exhaust pipe, or tailpipe will slow down the flow
of cacaping gared and reduce engine power, A muffler that 18 full of carbon deponsits will
also restrict gas ilow. You cannot see this kind of restriction but {f it i8 suspected, connect
a vacuum pressure gage to the intake manifold. 1f the exhaust system is reatricted, the
manifold vacuum will read normal when the engine 18 firet atarted but will drop rapidly.

b, Hepairing the exhaust system, Repair of the exhaust syatem 18 mostly limited to the replace=
ment of parts. No attempt should be made to remove parts while they are sifll hot from engine

operation,

(1} Nuts and holts. Because the threads of nuts, studs, and bolts in the exhaust system are
goneraﬂ; rupted and badly stuck, you will have to be very cautious to prevent twisting off the
studs and bolts {n the manifold or engine. Penetrating oil placed on the threads of stubborn
bolts @and nuts will help a lot, On items such 88 clamp8®, where bolis can be replaced without
drilling out ti.> broken pleces, it I8 usually better to just twist the bolte off and reinstall
1ew ones if the threads are badly rusted. HBrasa nute ara used in locations where rust and
corrosion affect ateel nuts and the studs are not replaceable or would be very hard to replace,

5-12
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(2}

(3)

Pay particular attention to make sure that you reinatall brass nuts everywhere they are
supposed to be used, Always make sure thet the threads of all nuta, atuds, and bolts
are clean gnd in good condition before replacing the components,

Mounting flengep {fig 5-19), You cannot expect to atop exhaust leake il the mounting
flanges of an exhaust manifold are defaced or out of alinement. Check for flange aline~
ment by using a airaightedge and a feeler gage as shown in the {1lustration, Minor
scratches and burrs can be removed with a fine, flat mill file. If & manifold has mis-
alined flanges or low spota. that cannot ba corrected by light filing. it should be replaced.
Cast {ron manifolds are very sasy to crack, 8o be sure to use the tightening procedures
recommended in the proper yehicle TM,

—

QUGING MANFOL PN

Fig 8-19, Checking flange alinement,

Exhaust pipe, mulller, and taugiEe. The replacement of the exhaust pipe, mulfler, and
tailpipe 18 done from under the vehicle. On smaller vehicles it will probably be necessary
to use jacks and stands to l1ft the vehicle to provide working space, On civilian-type
vehicles it {8 ugpually necessary to position the stande under the frame 80 the rear axle will
drop down, providing enough clearance between the body and sxle for removing the tailpipe,
On a lot of vehtcles it 18 necessary to remove brackets, heat shields, propeller shalta,

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 gince
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
mulller are being replaced. But Il only one component {8 bad, there {8 a possibility

that cutting the connection apart will damsage the good component, Another method

of loogening rusty connections is to heat them with & torch, After heating, loosien the
coniection by maving one pipe from side to side while pulling it f[ree. Extreme caution
must be used to prevent starting a flre when using the torch under a vehicle,
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AUTOMOTIVE FUEL AND EXHAUST SYSTEMS
Leason &

Construction and Operation of Exhaust Systems

STUDY ASSIGNMENT: MCI 351 25a, Automotive Fuel and Exhaust Systems, chap 5,

LESSON OBJECTIVE: Upon successful completion of this lesson, you will be able to identify the
basic construction, function, and repair of the engine exhaust aystems,

WRITTEN ASSIGNMENT:

A, Multiple Cholce: Select the ONE answer which BEST completes the statement or answers the
question. After the corresponding nymber on the answer sheet, blacken the appropriate hox.

Value: 1 point each

1. To direct the exhaysat sway from the vehicle operator's and passenger’s compartments 18
the function of the

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

2. What is the purpoae of the exhaust manifold?

a. Collects burned gases from the cylinders and direct them into the exhaust pipe
b. Expels burned gases into the cylindera

¢, Expels burned gases into the muffler

d, Discharges burned gases into the tailpipe

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

0. Acts as a prestarter for a cold engine

b, Limits the flow of exhaust pressure

¢. Heats the fuel-alr mixture when the engine is cold
d. Opcrates the temperature gage sending unit

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

a. tailpipe. ¢. intake hot spot.
b. muffler. d. tallpipe extension.

5. The exhaust pipe size is determined to a large extent by the gize of the engine while the
exhaust pipe length {3 determined by the

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

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

a. Manifold c. Muffler
b. Exhaust pipe d, Tailpipe extension
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7. What enrries the exhaust gnses from the muffler outlet to a point where they can be safely
cjected from the vehiele?

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

f. Why can a smaller diameter pipe be used for the tailpipe than 18 used for the exhaust pipe?

a, The gases In the tallpipe have expanded.

b, The gaees in the tailpipe are hotter and have contracted.
c. The gases {n the tailpipe have cooled and contracted.

Jd. The amaller pipe will produce a greater back pressure.

9. What Is usually refuired to prepare a vehicle for deep water fording?

a, A new taflpipe c. A special Intake manifold
b, A tallpipe extenalon P " d. A dual oxhaust system

10, The dual exhaust 18 preferable to o single exhaust mainly because it

a. I8 ensler to Install and malntain,

b. is lessa expensive than a aingle exhauat system.

¢, enuses leas back pressure and aids eagine performance.

d. causes more back pressurc and eliminates the straight path to the rear of the vehicle.

11, Slngle exhaust systems are used more often than dual exhauet systems because single exhaust
systema are expensive,

a, less c. Just as
b, more

12, The dual exhaust aystem permits exhaust goses to

u. be brought together at 3ome point,

b. form a "Y" connection.

e, create more back pressure.

d. travel in o straight path o the rear of the vehicle.

13, The use of n turbocharger resuits in
a. Increasing the speed of the exhaust gases,
b. Increased power.

e. a recuction in engine power output,
t. adecrease in intoke alr pressure.

14, When o turbocharger 18 used, it {8 driven by
a. a pulley off the water pump.
b. dircet drive from the speclal bypass system.
¢. c¢xhaust gnsce.
il, i{ntake goses.

15, Fxhaust gnses are direeted Into a heat echamber under the water tank of o tanker by

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

45,206
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16.

117.

i8.

19.

When Inspecting the exhaust system, what 18 the most important thing you must check for?

a. Rust and corrvsion ¢. Denta
b. Missing hangors d. Exhauat gas leaks

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

a, Your test instruments

b. Your senses of aight, hearing, and touch

¢. ‘The gection SOP

d. The quarterly preventlve maintenance sheet

Never run a vehicle engine for more than 8 minute or two unless it 18

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

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

a. Enlarge the hole till you reach good metal, then patch {t with a metal plate.
b. Cut the defective portion of the plpe out and weld in a new gection.

c. Replace the exhaust pipc.

d. Replace the exhaust aystem as a unlt,

0.5, GOVERNMENT PRINTING OPFICEy  196220-361=318/V=512

Totul Pointa: 16
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RELATED TRAINING EXTENSION COURSES (TEC)

I you desire to pursue your studies in this area. you ghould 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 1o complete and 18 available from your local

Training Support Center.

Systematic Inspection for the 2 1/2 Ton Truck 044-081-002F

Wheeled Vehleles Checks and Services. Gama 844-441-0014F
Goat

Environmental Hazards (Carbon Monoxide 020-441-0044F
Polsoning)

0.8, GOVEROIRNT PRINTING OFFICE: 1982.0.261-318/v-312
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