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ABSTRACT

Materials are provided for a l4-hour course designed

to introduce the automotive mechanic to the basic operations of
automotive fuel and exhaust systems incorporated on military
vehicles. The four study units cover characteristics of fuels,
gasoline fuel system, diesel fuel systems, and exhaust system. Each
study unit begins with a general objective. It is divided into
numbered work units, each presenting one or more specific objectives.
These work units also consist of text material, illustrations, and

study questions. Answer keys appear at the end of each study unit. A
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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 is commendable.

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

1. MATERIALS

Check your course materials. You should have all the materials listed in
the “Course Introduction." In addition you should have an enve:ope to mail
your review lesson back to MCI for grading unless your review lesson answer
sheet is of the self-mailing type. If your answer sheet is the pre-printed
type, check to see that your name, rank, and social security number are
correct. Check closely, your MCI records are kept on a computer and any
discrepancy in the above information may cause your subsequent activity to go
unrecorded. You may correct the information directly on the answer sheet. If
you did not receive all your materials, notify your training NCO. If you are
not attached to a Marine Corps unit, request them through the Hotline (autovon
288-4175 or commercial 202-433-4175).

2. LESSON SUBMISSION

The self-graded exercises contained in your course are not to be returned
to MCI. Only the completed review lesson answer sheet should be mailed to
MCI. The answer sheet is to be completed and mailed only after you have
finished all of the study units in the course booklet. The review lesson has
been designed to prepare you for the final examination.

It is important that you provide the required information at the bottom of
your review lesson answer sheet if it does not have your name and address
printed on it. 1In courses in which the work is submitted on blank paper or
printed forms, identify each sheet in the following manner:

DOE, John J. Sgt 332-11-9999
08.4g, Forward Observation
Review Lesson

Military or office address
(RUC number, if available)

Submit your review lesson on the answer sheet and/or forms provided.
Complete all blocks and follow the directions on the answer sheet for
mailing. Otherwise, your answer sheet may be delayed or lost. If you have to
interrupt your studies for any reason and find that you cannot complete your
course in one year, you may request a single six month extension by contacting
your training NCO, at least one month prior to your course completion deadline
date. If you are not attached to a Marine Corps unit you may make this
request by letter. Your commanding officer is notified monthly of your status
through the monthly Unit Activity Report. In the event of difficulty, contact
your training NCO or MCI immediately.



3. MAIL-TIME DELAY

Presented below are the mail-time delays that you may experience between
the mailing of your review lesson and its return to you.

TURNAROUND MCI PROCESSING TOTAL NUMBER
MAIL TIME TIME DAYS
EAST COAST 16 5 21
WEST COAST 16 5 21
FPO NEW YORK 18 5 23
FPO SAN FRANCISCO 22 5 27

You may also experience a short delay in receiving your final examination
due to administrative screening required at MCI.

4. GRADING SYSTEM

LESSONS EXAMS
GRADE PERCENT MEANING GRADE PERCENT
A 94-100 EXCELLENT A 94-100
B 86-93 ABOVE AVERAGE B 86-93
C 78-85 AVERAGE C 78-85
D 70-77 v cLOW AVERAGE D 65-77
NL BELOW 70 FAILING F BELOW 65

You will receive a percentage grade for your review lesson and for the
final examination. A review lesson which receives a score below 70 is given a
grade of NL (no lesson). It must be resubmitted and PASSED before you will
receive an examination. The grade attained on the final exam is your course
grade, unless you fail your first exam. Those who fail their first exam will
be sent an alternate exam in which the highest grade possible is 65%. Failure
of the alternate will result in failure of the course.

FINAL EXAMINATION

ACTIVE DUTY PERSONNEL: When you pass your REVIEW LESSON, your examination
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.

OTHER PERSONNEL: Your examination may be administered and supervised by
your supervisor,

6. COMPLETION CERTIFICATE
The completion certificate will be mailed to your commanding officer and

your official records will be updated automatically. For non Marines, your
completion certificate is mailed to your supervisor.
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7. RESERVE RETIREMENT CREDITS

Reserve retire.ent credits are awarded to inactive duty personnel only.
Credits awarded for each course are 1isted in the "Course Introduction."
Credits are only awarded upon successful completion of the course. Reser.a
retirement credits are not awarded for MCI study performed during drill
periods if credits are also awarded for drill attendance.

8. AMERICAN COUNCIL ON EDUCATION (ACE) ACCREDITATION

Many of MCI's MOS courses have been evaluated by ACE and determined to
have equivalency credit in either the Vocational Certificate (VC) category or
the Baccalaureate/Associate Degree (BA) level.

If you are enrolled in a college or vocational program or plan to enroll
and have completed one or more MCI courses, you may be able to receive college
or vocational credit for them. A1l that you need to do is to petition your
school to see if they will award you credit for the courses that apply to youw
program area. You will need your completion certificate, and the Evaluation
of Educational Experiences in the Armed Servicas.

9. DISENRCLLMENT

Only your commanding officer can request your disenroliment from an MCI
course. However, an automatic disenrollment occurs if the course is not
completed (including the final exam) by the time you reach the CCD (course
completion deadline) or the ACCD (adjusted course completion deadline) date.
This action will adversely affect the unit's completion rate.

10. ASSISTANCE

Consult your training NCO if you have questions concerning course
content. Should he/she be unable to assist you, MCI is ready to help you
whenever you need it. Please use the Student Course Content Assistance
Request Form (ISD-1) attached to the end of your course booklet or call one of
the AUTOVON telephone numbers listed below for the appropriate course writer
section.

Personnel/Administration/Corrections/Logistics 288-3259
témbarkation/Maintenance Management

Communications/Electronics/Aviation/NBC/Intell1igence 238-3604
Infantry 288-3611
Engineer/Motor Transport/Utilities 288-2275
Supply/Food Services/Fiscal 288-2285
Tanks/Artillery/Infantry Weapons Repair 288-2290

Assault Amphibian Vehicles
For administrative problems use the UAR or call the MCI HOTLINE: 288-4175

For commercial phone lines, use area code 202 and prefix 433 instead of
288.



AUTOMOTIVE FUEL AND EXHAUST SYSTEMS

Course Introduction

AUTOMOTIVE FUEL AND EXHAUST SYSTEMS is designed to introduce the automotive mechanic
to the basic operations of automotive fuel and exhaust systems incorporated on military

vehicles.

Trouble-shooting guides for diesel fuel injection systems are included as

appendices so the mechanic may keep a ready reference to trouble-shocting diesel system

mal functions.

Maintenance and repair information including removal of components are covered

in the technical manual for the respective vehicle and, therefore, are not covered in this

RESERVE RETIREMENT
CREDITS:

COLLEGE CREDIT:

EXAMINATION:

MATERIALS:

RETURN OF MATERIALS:

9-8000
9-2320-260-20
9-2320-266-20

TM 9-2320-272-20-1
9-2320-272-20-2
9-2320-272-34-2
9-2320-289-20

9-2320-289-34

9-2815-202-34

course.

Study Unit Study
Number Hours

1 2

2 3

3 4

4 1

2

2

ALS

ADMINISTRATIVE INFORMATION
ORDER OF STUDIES

Subject Matter

Characteristics of Fuel
Gasoline Fuel System
Diesel Fuel Systems
Exhaust System

REVIEW LESSON

FINAL EXAMINATION

American Cc.ncil on Education (ACE) has awarded 35.25b, Automotive
Fuel and .naust Systems, 2 semester hours in gasoline and diesel fuel
systems in lower division Baccalaureate/Associate Degree.

Supervised final examination without text or notes with a time limit
of 2 hours,

MCI 35.25b, Automotive Fuel and Exhaust Systems, Review lesson and
answer sheet.

Students who successfully complete this course are permitted to keep
the course materials.

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

SOURCE MATERIALS

Principles of Automotive vehicles, Jan 56
Truck 5 ton 6 x 6 M809, Jul 72

Truck Cargo 1-1/4 ton 4 x 4 M880, Jan 76

Truck Chassis 5 ton 6 x 6 M939, Sept 82

Truck Chassis 5 ton 6 x 6 M939, Oct 82

Truck Chassis 5 ton 6 x 6 M939 (DS&GS), Oct 82
Truck Cargo 1 1/4 ton 4 x 4 M1008, Apr 83
Truck Cargo 1 1/4 ton 4 x 4 M1008, May 83
Engine, Diesel, Oct 65



HOW TO TAKE THIS COURSE

This course contains 4 study units. Each study unit begins with a general objective
that is a statement of what you should learn from the study unit. The study units are divided
into numbered work units, each presenting one or more specific objectives. Read the
objective(s) and then the work unit text. At the end of the work unit are study questions that
you should be able to answer without referring to the text of the work unit. After answering
the questions, check your answers against the correct ones 1isted at the end of the study
unit. If you miss any of the questions, you should restudy the text of the work unit until
you understand the correct responses. When you have mastered one study unit, move on to the
next. After you have completed all study units, complete the review lesson and take it to
your training officer or NCO for mailing to MCI. MCI will mail the final examination to your
training officer or NCO when you pass the review lesson.
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MARINE CORPS INSTITUTE STUDY
GUIDE

Congratulations for enrolling in the
Marine Corps Institute’s correspondence
training program! By enrolling in this
program, you have shown a desire to
improve the skills you need to enhance your
on-the-job perfcrmance.

Since 1920, MCI has been helping tens
of thousands of hard-charging young
Marines, like you :elf, achieve educational
goals by teaching necessary new skills or
reinforcing existing skills. MCI will do every
thing possible to help you reach your
individual goals, whatever they may be.

Before you begin your course of
instruction, you may be asking yourself,
‘““How much will 1 benefit from a
correspondence training program?” The
answer to this depends upon you, “YOUR
PROFESSIONAL TRAITS” (what you bring
to the learning situation).

Because you have enrolled in an MCI
course, your professional traits are evident
and we know that:

YOU ARE PROPERLY MOTIVATED.
You made a positive decision to get training
on your own. Self-motivation is perhaps the
most important force in learning-or
achieving —anything. Wanting to learn
something badly enough so that you will do
what’s necessary to learn— THAT IS
MOTIVATION.

YOU SEEK TO IMPROVE
YOURSELF. You enrolled to learn new skills
and develop special abilities.

YOU HAVE THE INITIATIVE TO
ACT. By acting on your own, you have shown
that you are a self-starter, willing to reach out
for opportunities.

YOU ACCEPT CHALLENGES. You
have self-confidence and believe in your
ability to gain training in your areas of
interest.

vii

11

YOU ARE ABLE TO SET
PRACTICAL GOALS. You are willing to
commit time, effort, and resources toward
accomplishing what you set out to do. These
professional traits will help you achieve
success in your MCI program.

To begin your course of study:

* Look at the course introduction page.
Read the COURSE INTRODUCTION
to get the “nitty gritty” of what the course is
about. Then read the MATERIALS section
near the bottom of the page to find out which
text(s) and study aids you should have
received with the course. If any of the listed
materials are missing, see Information for
MC1 Srudents to find out how to obtain them.
If you have everything that is listed, you are
ready to begin your MCI course.

* Read through the TABLE OF
CONTENTS of your text(s). Note the
various subjects covered in the course and
the order in which they are taught. Leaf
through the text(s) and look at the
illustrations. Read a few work unit exercise
questions to get an idea of the types of
questions that are asked. If MCI provides
other study aids, such as a slide rule or a
plotting board, familiarize yourself with
them. Now, you are ready to begin work on
your MCI course.

* Turn 10 the first page of study unit 1.
On this page you will find the study unit goal.
This is a statement of what you should be
able to do when you complete the final exam.
Each study unit is divided into work units.
Each work unit contains one terminal
learning objective and several enabling
objectives. The terminal learning objective is
what you should be able to accomplish when
you complete the work unit exercises. The
enabling objectives are the steps you need to
learn to help you accomplish the terminal
learning objective. Read each objective for
the work unit and then read the work unit
text carefully. Make notes on the ideas you
feel are important.

* Without referring to the text, answer
the questions in each exercise.

* Check your answers against the
correct ones listed at the end of the study
unit.



* If you miss any of the questions,
restudy the work unit until you understand
the correct response.

* Goontothe next work unit, repeating
the above steps, until you have comgleted all
the work units in the study unit.

* Follow the same procedure for each
study unit of the course. If you have
problems with the text or work unit
questions that you cannot solve on your own,
ask your training NCO for the name of
someone who can help you. If they cannot
aid you, request assistance from MCI on the
Student Course Content Assistance Request
included with this course, or refer to your
INFORMATION FOR MCI STUDENTS
(MCI-R24i-NRL) for the telephone number
of the appropriate Course Developing
Division at MCI.

* When you have finished all the study
units, complete the course review lesson. Try
to answer each question without the aid of
reference materials. However, if you do not
know an answer, look it up. When you have
finished the review lesson, take it to your
training officer or NCO for mailing to MCI.
MCI will grade it and send you a feedback
sheet (MCI-R69) with your final
examination listing course references for any
questions that you missed on the review
lesson.

“RECON™ Reviews:

To prepare for your final examination
you must review what you learned in the
course. Therefore, why not make reviewing
as interesting as possible. The following
suggestions will make reviewing not only
interesting but also a challenge.

1. Challenge yourself. Reconstruct the
learning event in your mind. Try- to recall and
recapture an entire learning sequence,
without notes or other references. Can you
do it? You just have to “look back” to see if
you’ve left anything out, and t/iat will be an
interesting read-through (review) for you.

Undoubtedly, you’ll find that you
were not able to recall everything. But with a
little effort you’ll be able to recall a great deal
of the information.

Q

Also, knowing that you are going to
conduct a “reconstruct-review” will change
the way you approach your learning session.
You will try to learn so that you will be able
to “reconstruct <he event.”

2. Use unused minutes. While waiting at
sick bay, riding in a truck or bus, living
through field duty, or just waiting to
muster—use these minutes to review. Read
your notes or a portion of a study unit,
recalculate problems, do self-checks a second
time; you can do many of these things during
“unused” minutes. Just thinking about a
sequence of instruction will refresh your
memory to help “secure” your learning.

3. Apply what you've learned. Always, it is

best to do the thing you’ve learned. Even if
you cannot immediately put the lesson to
work, sometimes you can “simulate” the
learning situation. For example, make up
and solve your own problems. Make up
problems that take you through most of the
elements of a study unit.

4. Use the “shakedown cruise” technique.
Ask a fellow Marine to lend a hand and have
him ask you questions about the course.
Give him a particular study unit and let him
fire away. It can be interesting and
challenging.

The point is, reviews are necessary for
good learning, but they don’t have .0 be long
and tedious. Several short reviews can be
very beneficial.

Semper Fi
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STUOY Wit |
CHARACTERISTICS OF FuELS

STUDT WNIT OBXCTIVE: WITHOUT THE AID OF REFERENCES, YOU wWILL SDENTIFY THE FULLS
USED In INTERNAL COPMBUSTION ENOINES; TME VOLATILITY OF '\ﬂg THE STAGES OF NORMAL
FUCL COMDUSTION; TWE CAVSLS AND CTS OF ASMORMAL COMBUSTION; WHY ADDITIVES ARE
UBED 1IN GASOLING; AMD THE PURPOSE OF USING UMLEADED GASOLINE. YOU WILL ALSO
IGENTIFY Tk RECUIRDIENTS OF DIESEL FugL.

ort Ol 1-1, CMARACTERISTICS OF GASOLINE
LIST Tk TWREC TYPES OF FUEL USED IN INTERNAL COMBUSTION ENGINES.
1OENTIFY YOLATILITY OF FULLY,
LIST Tt TIRCT $TAGLS OF WORMAL COMBUSTION,
STATE T TWO TYPCY OF ABNORMAL COMBUSTION IN THC INTERNAL COMBUSTION ENGINE.
LIST TWE CAUSES AND LFFECTS OF DEYOMATION,
LIST TWE CAVSES AND CFPLCTS OF PRE-IGNITION,
STATE TWC PURPOSL OF ADOING TETRACTHYL LEAD TO GASOLINE.
STATE T™E PURPOSL OF USING UMLEADLO GASOLINE IN THE INTERNAL COMBUSTION ENGINE.

Tee 1nternd] combustion nun st use energy (fuel) to obtatn power. In the Motor
fronsport Fiele, this power would be vsed tO move sutomotive vehicles to transport personne!l
g Corge. The types and Choracteristics of fuel and how the fuel is delivered in the rom
ratio 10 the Combuition Chasber are explatned 10 th1s courss. In this study unit, gasoltne
g d10se] fuel chpracteristics will be discussed.

There sre three types of fuels used 1n the internal combustion engine--natural ges,
lt«mwln 988, and fossil fuel. Iounl.rs 18 o comdbustible gas formed maturally
1n the where petrolowe (crude o11) 13 produced. Liquified petrolevm gas (LPG) 1s o
Syproduct of refining crude 011. These fuels have been used 1In internal combustion engine
with Secoess; however, they will not be discussed n this course 83 these types of fuel ere
ot o30d n 0111try engines.

Casoline ond d1esel, as used in sutomotive engines, are made by refining crude o1l (s
fossil fuel). In this work wnit gasoline will be discussed.

::umo. [ ulwl:u lmm by the ngn:n procou(of'cm'n o;l. 1s o
alatere hperocarbons. Cach hag its own botlt int (volatility). This
velatility (vig 1-1) or vaporizing abtlity affects the esse :’ ::mm your vehicle, the
longts of UUI-: period, and the engine’s performence during norme! astion. Therefore,
e volatility of gasoline should be high for essy suruu' of your 1cle 1n cold weather.
Hougver, vhen the engine wirns up, the highly volatile fuel vaporizes 1n the fuel line (vapor
Tock) which couses fuel starvation to the n‘m (no fuel to the cylinders). For engine
wre-ep, & fuel with not as high volatility s required. This means that the fuel must have &
percentage of highly volatile hydrocarbons along with mot so volatile hydrocarbons to allow
the engine to operate n all tﬂtuuns (cold start to operating temperature). You must
rensmber that l1quid gasoline will not burn, only the vapor 1s ignited in the combustion
Chamber. Atonizetion 4nd vaporization will be further discussed 1n study unit 2.
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Fig 1-1. Range of volatility of hydrocarbons.

Other characteristics of gasoline which affect engine operation are impurities, its
oxidation, its anti-knock quality, and the octane rating. Crude oil contains many impurities
(sulfur, water, etc.) of which most are removed by modern refining procedures and are not a
problem. Hydrocarbons in gasoline tend to oxidize into a sticky gum when exposed to air which
results in clogged passages in the carburetor, stuck valves, and excessive deposits fn the

co::us%ion chamber. Chemical compounds are added to the gasoline at the refinery to control
oxidation,

One of the most important qualities of gasoline is the ability to burn without causing
8 knocking. The addition of tetraethyl lead to the $asoline reduces this tendency. In order
to understand what 13 meant by "anti-knock" let us discuss the combustion process.

NORMAL COMBUSTION (fig 1-2)

The process of normal combustion has three stages: formation, hatching out, and
propagation. When the spark occurs in the combustion chamber, the fuel-air mixture is ignited
which forms a nucleus of flame. As the flame (nucleus) enlarges, fingers of flame are sent
out, causing a slight rise in temperature and pressure in chamber. This hatching out of the
nucleus starts the propagation phase of combustion where effective burning of the fuel-air
mixture occurs. The flame front burns rapidly, causing great heat and a rapid rise in
pressure. The increased pressure causes the piston to move downward.

During normal combustion, burning of the fuel-air mixture is progressive, increasing
gradually during the formation and hatching out phases and then continuing rapidly during the
propa?ation phase. In normal combustion, pressure and temgerature rise progressively rather
than in a violent manner (explosively). This abnormal combustion {explosion) is common 1y
called detonation.

14



spark eccurs combustion begins continues rapidly and is compieted.

Note: Fuel-air mixture does not burn all at once. Flame front moves in a rapid but
controlled manner throughout the combustion chamber.

Fig-1-2. Normal combustion.

ABMORMAL COMBUSTION

Detonation (fig 1-3) occurs when the fuel-air mixture explodes rather than burns at an
even rate. This creates an audible knock or pinging sound. As the nucleus of the flame
spreads across the combustion chamber, the remaining unburned fuel-air mixture is ignited
spontaneously. As the two flame fronts collide, extreme pressure erupts instantaneously,
causing an audible sound. In extreme cases of detonation, pistons may shatter and cylinders
may burst or cylinder heads may crack. This condition may also create overheating, broken
spark plugs, high fuel consumption, and loss of power. There are several probable causes of
detonation which include fuel of too Tow an octane rating, lean fuel-air mixture, Tugging the
engige. ignition timing over advanced, and excessive carbon accumulation in the combustion
chamber,

Nl

. spark occurs . . combustion begins . . continves . . detonation.

Fig 1-3. Detonation.

Pre-ignition (fig 1-4) results when the fuel-air mixcure is ignited before the regular
spark occurs. Pre-ignition may result in a pinging sound if the regular spark occurs shortly
after the spontaneous ignition. However, a Tack of noise is just as common. If premature
combustion is completed prior to the regular spark, no noise is heard. Pre-ignition and
detonation are closely linked and it is difficult to distinguish between them. Pre-ignition
can lead to detonation. The causes of pre-ignition are: excessive carbon deposits in the
chamber; high valve temperature; hot spots due to cooling system defects; hot spark plugs;
sharp edges in the combustion chamber, and detonation.



I
ignited by hot carbon deposit regular ignition spark ignites remoining fuel ftame fronts coltide

Fig 1-4. Pre-ignition or igniting of fuel-air mixture
prior to regular spark ignition.

Detonation can be alleviated somewhat by using a gasoline of a higher octane rating.
This rating is the ability of a fuel to resist detonation. Octane rating is figured by
comparison with a control fuel (iso-octane and heptane). For instance, a fuel with an octane
rating of 90 means that the anti-knock qualities of the fuel are the same as those of a test
fuel of 90 percent iso-octane and 10 percent heptane. Of course, the tendency of a fuel to
detonate varies with the operating conditions, the shape of the combustion chamber, and, most
importantly, the compression ratio. '

The octane number of a fuel has nothing to do with the starting quality, volatility,
ower, Or any other characteristics. Performance cannot be improved by using an octane of
igher number than that which is satisfactory in that particular engine.

Additives, which are compounds added to fuel, can decrease detonation, increase the

octane rating, absorb moisture, reduce deposits in the combustion chamber, or lubricate valve
stems and rings.

o Tetraethyl lead is a compour i added to gasoline which decreases detonation
tendencies.

@ Alcohol can be used as a fuel for internal combustion engines or mixed with
gasoline fgasohol). The purpose of adding alcohol to gasoline is to absorb
moisture which accumulates in the fuel system as water will not pass through
filters. However, when the water is absorbed by alcohol, the moisture laden
alcohol will pass through to the combustion chamber. The alcohol is burned thus
ridding the fuel system of the corrosive tendency of the water.

¢ Benzol, a volatile hydrocarbon, has a high octane value. It is used,
occasionally, to increase the octane value of gasoline.

During combustion of gasoline, the temperature in the combustion chamber can be as
high as 5500 degrees F. Therefore, the boiling range of fuel must be at a point to give good
results under all temperature conditions (cold start to operating temperature). A lower
boiling point of fuel gives more satisfactory results. The boiling range and heat value
(power? of fuel are adjusted by the refinery. Fuels that cannot vaporize and burn (fuel is
burned in vaporized state) will accumulate and form deposits in the engine. This is
noticeable wﬂen‘the engine is started (cold). In cold starts, the engine requires a rich
mixture, and black smoke will normally be emitted from the exhaust. This black smoke is the
unburned (raw) fuel. As the engine warms up, a leaner mixture is required and the black smoke
will stop, normally. If the smoke does not stop after warm-up to operating temperature, the
reason for the rich mixture must be determined. A sticking choke valve is normally the cause
of this condition.

In recent years, there has been concern about atmospheric emissions created by the
internal combustion engine. Automotive engineers have devised several methods of reducing
exhaust emissions (hydrocarbons). One method uses a higher combustion temperature for more
efficient burning of the fuel and unleaded fuel. The use of unleaded fuel reduces the amount
of hydrocarbons and carbon monoxide emitted by the engine and must use a catalytic converter
in the exhaust system to collect heat and hydrocarbons. A more detailed description of the -
exhaust system will be discussed in study unit 4. Other emission control devices utilize the
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engine vacuum system in various ways. Since tactical military vehicles use diesel fuel, the
different methods of emission control will not be discussed in this text.

EXERCISE:

1.

Answer the following questions and check your responses against those listed at
the end of this study unit.

List the three types of fuel used in internal combustion engines.

b.

C.

Identify the volatility of fuels.

a. Ability to flow ¢. Boiling point or vaporizing ability
b. Heat valve d. Oxidation

List the three stages of normal combustion.

a.

b.

C.

State the two types of abnormal combustion in the internal combustion engine.

b.

List the causes of detonation.




7. List the causes of pre-ignition.

8. List the effects of pre-ignition.

d.

b.

9. State the purpose of adding tetraethyl lead to gasoline.

10. State the purpose of using unleaded gasoline in the internal combustion engine.

Work Unit 1-2. REQUIREMENTS OF DIESEL FUEL
LIST THREE MAJOR REQUIREMENTS OF DIESEL FUEL.
STATE THE REASONS FOR GOOD IGNITION QUALITY.
STATE HOW THE IGNITION QUALITY OF A DIESEL FUEL IS IDENTIFIED.
STATE WHY VISCOSITY IS CONSIDERED IN DIESEL FUEL.

NAME TWO IMPURITIES WHICH ARE FILTERED OUT OF DIESEL FUEL BEFORE IT IS INJECTED
INTO THE COMBUSTION CHAMBER.

IDENTIFY HOW THE CETANE RATING OF DIESEL FUEL IS DETERMINED.

NAME THE ELEMENT IN DIESEL FUEL THAT SIGNIFICANTLY INFLUENCES THE AMOUNT OF CARBON
AND DEPOSIT FORMATION (WHICH SHOULD BE KEPT AS LOW AS POSSIBLE).

LIST THE THREE GRADES OF DIESEL FUEL USED IN MILITARY VEHICLES AND SPECIFY THE
TEMPERATURE RANGE OF EACH.

Compression ignition engines will run on a variety of fuels; however, some grades .f
fuel will perform more satisfactorily in these engines than others. Factors which should be
considered in the selection of fuel are efficiency, reliability, and maintenance costs. The
cost of the fuel has no bearing on the above factors.

Diesel fuel supplies all the energy for the engine and, at the same time, lubricates
and cools the precision parts of the fuel system (pump and injectors). These functions, in
turn, produce three characteristics of diesel fuel: its ignition quality, viscosity, and
cleanliness.

The ignition quality, expressed as cetane rating, insures spontaneous combustion and
comglete burning of the fuel. The time delay between the injection of fuel irto the
combustion chamber and ignition by the hot air is expressed as a cetane rating number. This
is usually between 30 and 60. Measurement of the ignition quality is done by comparing the
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operation of an unknown fuel in an engine with the ogeration of a known reference fuel in the
same engine. The reference fuel is a mixture of alpha-methyl-naphthalene and cetane. The
cetane rating number indicates the gercentage of cetane in the reference fuel which matches
the ignition qualities of the fuel being tested.

When fluids get cold, they will get thick and flow slowly. Likewise, when the liquids
are wamm, they flow freely. The resistance to flow, a characteristic of oils and oil
groducts. is referred to as viscosity. Diesel fuel, an oil product, must have a sufficiently

ow viscosity to flow freely at the lowest temperature encountered, but it also must be high
enough to properly lubricate the precision fitted parts in the fuel pump and injectors. The
viscosity of the fuel also determines the size of the fuel spray which governs the atomization
of the spray upon injection.

Fuel in any engine must be clean and diesel engines are no exception. In diesel
engines, the fuel must be free of water and sediment. If water or sediment is allowed to
enter the fuel pump, the precision fitted parts will freeze up in both the injection pump and
injector. Also, spray tips can be blown off if water settles at the nozzle valve. Another
element which must be considered in diesel fuel is the sulfur content. Sulfur must be kept at
a Tow level. Tests have shown that increasing sulfur in diesel fuel combustion chamber by 1
percent increases valve wear and combustion chamber deposits significantly (over 125 percent),

Now that we have discussed some of the major requirements of diesel fuel, there are
three types or grades of fuel available for use in military vehicles. The different grades
are recommended according to the lowest temperatures expected in the area of operation.
Diesel fuel DF-2 is used when the temperature is zbove 200F; DF-1 is used for temperatures
from -200F to +209F; and CF-A is used in arctic conditions or below -200F, Paraffin
forms (separates) in diesel fuel during cold weather. This occurs when an improper grade of
fuel is used in very cold climates. Paraffin is present in all oi1 products and will clog
fuel filters on the vehicle. In the event this does occur, the filters (primary, secondary,
and final) and the intank filter sock must be replaced. Also, the remaining fuel must be
drained and replaced with the proper grade of fuel.

At this time, an extensive discussion on alternate fuels is omitted due to the extent
of problems they could cause. In short, alternate fuels are those used when the supply of the
proper grade is not available and the movement of equipment is necessary. The decision to use
al ternate fuel must be made at a higher echelon of command (MTO) and then only used
temporarily,

EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

1. List the three major requirements of diesel fuel.

2. State the reason for using a fuel with good ignition quality.

3. State how the ignition quality of a diesel fuel is identified.

4. State why the viscosity of diesel fuel is considered when determining the type of
fuel to use.

5. Name two impurities which are removed by the filters prior to the fuel being
injected into the combustion chamber.
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6. Identify how the cetane rating of diesel fuel is determined.

a. By the percentage of iso-octane

b. By a comparison with fuel of known qualities

c. By the percentage of naphthalene

d. By the comparison of iso-octane and naphthalene

7. Name the element in diesel fuel that significantly influences the carbon and
deposit formation and which must be kept as Tow as possible.

8. List the three grades of diesel fuel used in military vehicles and specify the
temperature range of each.

SUMMARY REVIEW

In this study unit, you have learned the types of fuels used in internal combustion
engines; the volatility of fuel; the different stages of abnormal combustion; why additives
are used in gasoline; and why unleaded gasoline is used so extensively in today's vehicles.
Lastly, you learned the various requirements of diesel fuel.

In the next study unit, you will learn the principles of carburetion.

Answers to Study Unit #1 Exercises
Work Unit 1-1.

1. a. Natural gas
b. Liquified petroleum gas
. ¢c. Refined fossil fuels
. C.
3. a. Formation (nucleus of flame)
b. Hatching out
c. Propagation
4. a. Detonation
b. Pre-ignition
5. a. Lean fuel mixture
b. Too Tow an octane
¢. Over advanced ignition timing
d. Lugging the engine
e. Excessive carbon buildup
6. a. Shattering of piston
b. Cracked cylinder head
c. Overheating
d. Broken spark plugs
e. High fuel consumption
f. Loss of power
g. Burst cylinder
7. a. Carbon deposits
b. High valve temperature
€.' Hot spots due to cooling system defects
d. Spark plugs that run hot
e. Sharp edges in combustion chamber
f. Detonation
8. a. A pinging noise
b. Detonation
9, To decrease detonation tendencies
10. To reduce the hydrocarbon and carbon monoxide emissions




Work Unit 1-2,

].

O~V
DEEE)

a. Ignition quality

b. Viscosity

¢. Cleanliness

To ensure spontaneous combustion and complete burning

By its cetane rating number

a. To ensure the fuel flows at Tow temperature

b. To ensure the fuel lubricates the pump and injectors

c. To obtain the optimum atomization of the fuel upon injection
Water and sediment

sulfur

a. DF-2; temperatures above +200F

b. DF-1; temperatures from -209F to +200F
c. CF-A; temperatures below -200F
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STUDY UNIT 2
GASOLINE FUEL SYSTEM

STUDY UNIT OBJECTIVE: WITHOUT THE AID OF REFERENCES, YOU WILL IDENTIFY THE
PRINCIPLES OF CARBURETION. YOU WILL IDENTIFY THE PURPOSE OF A CHOKE, HOV  CHOKE
WORKS, AND THE DIFFERENCES BETWEEN A MANUAL AND AN AUTOMATIC CHOKE. YOU ...L ALSO
IDENTIFY THE PURPOSE OF AN ENGINE MANIFOLD. LASTLY, YOU WILL IDENTIFY THE PURPOSE
OF A [UEL4PUMP. ITS VARIOUS COMPONENTS, AND THE PROCEDURES TO FOLLOW WHEN TESTING
A FUEL PUMP,

Work Unit 2-1. PRINCIPLES OF CARBURETION
STATE THE PURPOSE OF THE FUEL SYSTEM ON AN INTERNAL COMBUSTION ENGINE.
LIST THE EIGHT MAIN COMPONENTS OF A FUEL SYSTEM.
STATE THE PURPOSE OF THE CARBURETOR.
STATE THE CAUSE OF FUEL FLOW THROUGH THE MAIN METERING CIRCUIT OF THE CARBURETOR.
LIST THE FIVE CIRCUITS OF THE CARBURETOR AND THE PURPOSE OF EACH CIRCUIT.
STATE THE ADJUSTMENT MADE TO THE IDLE CIRCUIT.

In the first study unit, the characteristics of gasoline and the combustion of the
air-fuel mixture in the combustion chamber were discussed. In this study unit, the gasoline
fuel system and how the ratio of air to fuel is regulated to obtain the air-fuel mixture for
proper combustion at various speeds and loads will be discussed.

The purpose of the fuel system in an internal combustion engine is to provide the
engine with a combustible mixture of fuel and air. The proportion of fuel to air must be
correct regardless of speed and Toad on the engine. For instance, the best economy is
obtained under normal conditions with a mixture of one part fuel to about 16 parts air (16 to
1), while for quick acceleration a mixture of one part fuel to about 12 parts air (12 to 1) is
needed. In order to start an engine when it is cold, an extremely rich mixture is needed.

How the extremely rich mixture is obtained for cold starts will be discussed in work unit

2-2. As mentioned in study unit 1, only the gasoline vapors burn. Therefore, the liquid fuel
must be vaporized in order to have proper combustion. How this is accomplished will be
discussed later in this work unit.

The main components of a fuel system are: fuel tank, fuel lines, fuel pumps, filter,
carburetor, air cleaner, intake manifold, and emission controls (on some vehicles). The fuel
tank (fig 2-1) stores the fuel to be used by the engine. The tank is normally made of sheet
steel and has baffles to reduce the sloshing of fuel created by the movement of the vehicle.
Also, a fuel level sending unit is installed in the tank to assist the operator in maintaining
the supply of fuel. However, when the fuel Tevel is maintained at a low level (Tess than 1/2
tank) for an extended period, condensation will be produced. This is due to the humidity in
the air which enters the tank and the temperature difference during the day. When humid air
cools, the humidity condenses and collects in the tank. If the level of condensation (water)
rises to the level of the main fuel line, the water will be puriped through the lines and
filters to the carburetor. Water wi’: not burn, therefore, the engine will not run when water
accumulates in the float bow! of the carburetor. The best way to prevent condensation is to
keep the fuel Tevel above three-quarters of a tank.

Caution: Fuel tanks are dangerous, even when apparently empty. DO NOT allow
sparks or flames near the tank inlet or other holes.
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Fig 2-1. Fuel tank.

Fuel lines which are usually made of steel connect the fuel tank with the fuel pump
and carburetor. The lines provide a path for the fuel to transfer from the tank to
carburetor. Hoses are used at the tank and the pump to reduce leakage due to vibration.

Routing of the fuel lines is important. The line from the tank to the pump (engine
compartment) is secured to the frame at various points to eliminate vibration and breakage.
The line from the pump to the carburetor is routed near the exhaust manifold. Heat from the
exhaust can cause the fuel line to get hot, particularly on hot days and when driving for an
extended period. The heat will cause the fuel in the line to vaporize before reaching the
carburetor, The heat can travel down to the fuel pump and also vaporize fuel there. This
condition (vapor lock) will result in not enough fuel (liquid) entering the carburetor
preventing the engine from running. The remedy is to cool the line and either reroute or
insulate the line from the heat source.

A fuel pump is a mechanical or electrical device used to supply the carburetor
(engine) with fuel from the tank. Fuel pumps will be discussed further in work unit 2-6.

A gasoline engine uses a carburetor to mix fuel with air in the proper proportions to

produce a combustible mixture which provides the power of the engine. Carburetors will be
discussed in more detail later.

A filter is normally placed in the line between the fuel pump and carburetor. This
filter catches particles of rust and scale moving from the fuel tank through the Tlines.
Another filter can be placed inside the inlet to the fuel bowl of the carburetor.

Air contains particles of dust which, if allowed to enter the engine, can cause
excessive wear on the working parts (pistons, rings, and cylinder walls). The dust varies
according to the area of operation. In the military, extremely dusty conditions can be
attained when driving in off-road cperations. An air filter is placed on the intake of the
carburetor to remove the dust particles prior to entering the engine. Air filters will be
discussed in work unit 2-4.

An engine, in a motor vehicle, normally has 4, 6, or 8 cylinders which require an
air-fuel mixture but only one carburetor (except for high performance engines). A method to
distribute the air-fuel mixture to the cylinders is required. This is the purpose of the
intake manifold which will be discussed in work unit 2-3.

Emission controls, installed on an engine, reduce the emission of hydrocarbons by
routing vapors from the fuel tank, and those vapors in the crankcase, into the carburetor air

flow. Military tactical vehicles do not have a vapor recovery system (except for crankcase
ventilation) and, therefore, will not be discussed in detail.
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So far we have discussed the purpose and the components of a fuel system. You have
learned that the purpose of a fuel system is to provide the engine with an air-fuel mixture
for combustion in the cylinders. This will bring you to the carburetor which atomizes the
fuel with the proper portion of air which produces a combustible mixture. As air is drawn
into the cylinder by the downward movement of the piston, the suction produced brings air into
the intake manifold through the carburetor venturi (an hour-glass shaped restriction in the
carburetor throat). Actually, atmospheric nressure forces air to compensate for the low
pressure created by the downward movement of the piston. The action of the venturi draws fuel
into the air flow from the carburetor float bow! through either the high speed circuit or Tow
speed circuit depending upon the position of the throttle valve and the speed of the engine.

The venturi principle (action) is a means of increasing the vacuum in the carburetor
throat. To understand this, it is necessary to know that the total energy of all things
remains constant but this energy can change from one form to another form. If one form of
energy increases, then one or more other forms of energy must decrease to keep the total
energy constant. As air travels through the air horn of the carburetor, the molecules must
speed up to go through the venturi if all the molecules are to get through., Thus, the
increased speed of air produces a decrease in pressure and temperature. This action (fig 2-2)
is utilized to bring fuel into the air stream by placing a tube from the float bowl at the
point of maximum vacuum (center of the venturi). ' Another item to contend with is the
atomization of fuel into the venturi where pressure and temperature are reduced further by the
evaporation of the fuel. Sometimes, the temperature can be reduced to the point where ice may
be formed on the throttle valve, particularly in cold, humid climates.

ATMOSPHERIC
PRESSURE

== FLOAT BOwW!

Fig 2-2. Simple carburetor showing venturi action and
fuel flow through the high speed circuit.

Since the purpose of the carburetor is to mix fuel with air in proper proportions, we
now must discuss how this takes place. Gasoline in the liquid form does not burn which means
that the fuel must be in a vapor when the air-fuel mixture enters the combustion chamber. To
accomplish this efficiently and rapidly, the fuel is atomized (reduced to fine particles) when
mixed with the air flowing through the venturi. The smaller particles of fuel enhance the
vaporization process. Atomization, along with heat from engine operation, completely
vaporizes the fuel in the intake manifold as the air-fuel mixture travels to the combustion
chamber.

24

2-3



Now, let's look back at the process discussed thus far. There is air flowing through
a venturi with a main metering valve (tube) installed in the center of the venturi. This in
itself will operate an engine at a constant speed (high speed circuit has been described)
after the engine has reached operating temp:rature. The engine in a motor vehicle normally
does not operate at a constant speed. Therefore, we must provide a means of varying the speed
according to the load required (cold start, idle, acceleration, and high speed). To start an
engine while it is cold requires a rich air-fuel mixture (sometimes 8 to 1) while high speed
operation needs an air-fuel mixture ratio of 16 to 1. These two ratios are the extremes, and
other operational requirements fall between the 8 to 1 and 16 to 1 ratios. Control of the
air-fuel mixture is accomplished by the five circuits of the carburetor, the float circuit,
low speed (idle) circuit, acceleration circuit, choke circuit and high speed circuit. The
choke circuit which aids cold starts will be discussed in work unit 2-2.

Before an engine can be started or run, it must have fuel vapor mixed with air in the
combustion chamber. Therefore, fuel must be available in the carburetor at all times. A
reservoir in the carburetor is supplied with fuel by the fuel pump. This reservoir is called
the float circuit or bowl (fig 2-3?. The fuel enters through a needle valve which is attached
to a float. The float and needle valve, when adjusted to the specifications in the TM of the
vehicle, maintain the level of fuel in the bowl provided there is fuel in the tank and vapor
lock conditions are not present.

RV

N\

PISTON CHECK BALL

Fig 2-3. Float circuit.

We now have fuel in the carburetor and the engine is running at an idle. How does the
fuel mix with the air flow? This is accomplished by the low speed (idle) circuit (fig 2-4).
The purpose of the low speed (idle) circuit is to provide the engine with the proper
combustible mixture (about 8 to 1) to operate at low speeds. In this circuit, passages are
drilled in the carburetor body from the bowl to a point above the level of fuel, then down to
the area where the throttle valve is located. You should note in figure 2-4, that at the
highest point of this passage, an air bleed hole is drilled from the fuel passage to the
carburetor throat and two holes are also drilled in the lower end of this passage, with an
idle adjustment screw located in the lowest hole. When an engine is idling, the throttle
valve is almost closed which restricts the flow of air into the engine and lowers the vacuum
in the venturi. The lower vacuum is not enough to pull fuel through the main metering
circuit. Therefore, since the lower hole in the idle circuit is below the throttle valve
(where vacuum is greatest), fuel is pulled from the bowl toward the air bleed hole and is
mixed with the air coming in through the air horn. This air-fuel mixture travels down through
the passage to idle adjustment screw and into the intake manifold and cylinders. This causes
the engine to run at an idle (low speed). Sometimes the engine runs rough at an idle. This
is caused by an improper ratio of air and fuel (combustible mixture) admitted by the idle
circuit. The idle adjustment screw regulates this ratio by adjusting the amount of air
admitted into the circuit.
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The procedures for adjustment at the idle will be covered in work unit 2-5 and the TM of the
vehicle,

NEEDLE VALVE

FLOAT BOwWL

IDLE ADUUSTME
IDLE SCREW T

THROTTLE '
VALVE (CLOSED)

Fig 2-4. Low speed (idle) circuit.

When the throttle valve is opened slightly (fig 2-5), the vacuum in the intake
manifold affects both the lower holes in the low speed circuit. This allows more fuel and air
to enter the intake manifold and, therefore, slightly increases the speed of the engine,

,

-l

SN

N

LOW SPEED )

PORT Z . ¥ w//;ow:%ij

THROTTLE VALVE (SLIGHTLY OPEN)

Fig 2-56. Low speed circuit (throttle valve open slightly).




The acceleration circuit (f1g 2-6) 15 placed 1n & Tocation where the supply of fuel 13
constont, normelly the float bowl, and consists of o plunger with & lesther cup fitted In a
Cylinger, As the accelerator 13 pressed by the operator, 11nkage on the carburetor moves the
ocelerator pi down 1n the accelerator pump cylinder which forces fuel 1in the cylinder
L AL usur Into the throat of the cerburetor. This procedure helps to
el minate the “¢ead spot® 18 the acceleration of the M’im speed. [xcessive pumping of the
scelevater with the nun smm (not running) will f100d the engine (cause too much fuel
or Tiquid (raw) fuel into the 1ntake menifold) particularly when the engine 13 cold. Mhen the
acelerator 15 pressed, 11nkage also opens the throttie valve. This allows more afr to enter
Ehe ventur! which 4150 pulls more fuel through the main metering Circuit. However, the engine
5900d will not accelerate unt1l the atr-fuel mixture 18 in proportions (epprox. 12 to 1) to
$ECommdate the quich accei-ration of engine speed. In short, the sccelerator pump circuit

1RJ0CLs raw full 1080 Whe 217 flow through the carburetor to increase (enrich) the air fuel
*iatere,

LR -k
2% TV Y DL . - -~

LI TS s _—

100OWN)  (LIFTED)

Ftg 2-6. Acceleration circuit.

Now that we have discussed how the carburetor mixes the proper amounts of fuel and eir
at starting, low spesds, and acceleration, let's look st the high speed circuit. As noted
previcusly, the ur-fu‘ retio veries with the speed (10ad) of the mgim. For maximum
oconomy of fuel, & retio of about 16 to 1 1s needed. This 1s accomplished by the Mxh s:nd
circuit (f1g 2-F). The main setering jet (orifice) meters fuel into the air flow. As the air
speed mua'm carburetor incresses, the veaturt action reduces the sir pressure (crestes
vacwm) in conter of the venturi. This vacwum pulls fuel through the metering orifice and
W the passige where the fuel 1s atomized by the air flowing through the carburetor. The low
$p0ed circuit €oes not operate when the vacuum 1s lowered by opening the throttle valve.
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THROTTLE VALVE (OPEN)

Fig 2-7. High speed circuit (main metering jet).

Another high speed circuit found in some types of carburetors is the metering rod (fig
2-8). This system uses a stepped (varying diameter) rod inserted in the metering orifice. As
the throttie is opened, Iinkage moves the metering rod up, which increases the amount of fuel
drawn into the air stream. This allows the engine to attain its maximum power (speed). Other
systems, Eower enrichment, vacuum step up, etc., are used in various makes of carburetors, but
will not be discussed in this course due to the fact that they are not being used on military

vehicles. For any technical information, repair, or maintenance criteria refer to the

appropriate technical manual or manufacturer's publication on the appropriate type of vehicle
(carburetor).

METERING ROD
RAISED

Fig 2-8. High speed circuit (metering rod).
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Thus far, this work unit has discussed the various circuits of a carburetor that
pertain to a single barrel carburetor. Multiple throat (barrel) carburetors have the same
circuits for each throat and, therefore, operate the same, whether it be a quadrajet, two
barrel, or single barrel. Multiple carburetors are installed on some special purpose vehicles
(racing) and each carburetor cperates the same as described in this study unit. Linkage
adjustment is a major difficulty on the multiple carburetors.

One classification of a carburetor is by the draft (air flow). There are updraft,
sidedraft, and downdraft carburetors which refer to the direction of air flow into the
throat. Another classification is by the number of throats (barrels), single barrel, two
barrel, and four barrel carburetors are used. Other classifications are used but vary
- according to the manufacturer.

EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

1. State the purpose of the fuel system on an internal Combustion engine.

2, List the eight main components of a fuel system.

a.

bl

hl

3. State the purpose of the carburetor.

4. State the cause of fuel flow through the high speed circuit of the carburetor.

5. List the five circuits of a carburetor on an internal combustion engine.

6. State the purpose of the low speed (idle) circuit of a carburetor,

7. State the adjustment made to the idle circuit.
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8. State the purpose of the float circuit.

Work Unit 2-2. CHOKES
STATE THE PURPOSE OF A CHOKE ON AN INTERNAL COMBUSTION ENGINE.
LIST THE TWO TYPES OF CHOKES.
LIST THE SYMPTOMS OF EXCESSIVE CHOKING IN AN INTERNAL COMBUSTION ENGINE.
STATE THE POSITION OF THE CHOKE WHEN THE ENGINE IS AT OPERATING TEMPERATURE.

STATE HOW ENRICHING THE AIR/FUEL RATIO FOR STARTING A COLD ENGINE BY USE OF THE
CHOKE IS ACCOMPLISHED.

STATE THE TWO METHODS EMPLOYED TO IMMEDIATELY LEAN THE AIR/FUEL MIXTURE AS SOON AS
THE ENGINE IS STARTED.

In the previous work unit, the principles of carburetion (where the mixture of air and
fuel is regulated) were discussed. However, when the engine is cold, a very rich mixture is
required. Normal carburetion cannot, by design, accommodate the extremely rich mixture for
cold starts. To accommodate the cold starting requirement, a choke is placed in the air horn
of the carburetor. The choke is a butterfly valve which restricts the air flowing into the
venturi. This allows the suction, created by the downward (intake) movement of the piston
(intake manifold vacuum), to pull raw gasoline into the air flow, enriching the air-fuel
mixture. Therefore, the purpose of a choke is to aid in starting a cold engine.

There are two types of chokes: manual and automatic. The manual choke is applied
when the operator pulls on a cable or wire in the operator's compartment, while the automatic
choke is applied automaticaly according to the engine temperature. The disadvantage of a
manual choke is that the operator must decide when to open the choke (push the cable in) after
the engine has warmed up. This is not only difficult to ascertain but it also may take
several minutes. Therefore, the operator will normally allow the choke to be closed (at least
partially) after the engine has warmed up. Excessive choking causes excessive carbon buildup
.on the spark ptugs and combustion chamber while also increasing gas consumption and flooding
of the engine. To overcome this, the automatic choke was developed.

The automatic choke, unlike a manual choke, normally uses heat produced by the engine
to control the application of the choke valve at the top of the carburetor throat (air horn).
The heat is supp?ied by exhaust manifold (normally) or coolant. Electric chokes have also
been used, but for the purposes of this course, discussion will pertain to the exhaust heat
actuated choke.

The exhaust heat actuated automatic choke depends primarily on the unwinding of a
thermostatic coil spring as heat is applied. There are several methods of supplying heat to
the choke: a thermostatic coil mounted on the carburetor with heat applied by a tube from the
exhaust manifold; the thermostatic coil mounted in the exhaust manifold (or crossover)
connected to the choke by Tlinkage; routing coolant in or near the thermostatic coil on the
carburetor; or a combination of exhaust heat, air velocity and intake manifold vacuum.

There are too many methods of applying automatic chokes to discuss them all in detail
in th}s course. For repair and maintenance criteria, refer to the appropriate technical
manual.

What occurs when the choke valve is closed? The answer is the carburetor air flow is
restricted. When the restriction is above the venturi (compare to throttle), intake manifold
vacuum moves into the carburetor throat (up to the restriction). As the piston travels down
on the intake stroke, the suction pulls fuel from the float bow! (fig 2-9) through the high
speed circuit, (due to the intake manifold vacuum). The increased air-fuel mixture aids in
starting a cold engine. However, if the choke remains closed after the engine starts,
flooding can occur. This is alleviated by one of two methods: by offsetting the choke valve
(plate) or by having a spring-loaded poppet valve in the choke plate (fig 2-10). Either or
both methods are used to allow air to enter the manifold as the engine starts which
immediately leans the air-fuel mixture. As the engine warms uq the automatic choke will open
by exhaust heat acting on the thermostatic coil, while a manual choke will remain closed (or
partially closed) until the operator pushes the choke cable in.



CHOKE
VALVE

MAIN
DISCHARGE

Choke open Choke closed

Fig 2-9. Choke valve.

Fig 2-10. Details of choke valve.
The basic operation of a choke valve is for it to be open when the engine is at

operating temperature and closed when the engine is cold. An added feature to help cold start

an engine is an idle speed advance cam which automatically advances the idle speed to ensure
that the engine will keep running with the enriched air-fuel mixture.
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EXERCISE:  Answer the following questions and check your responses against those 1isted at
the end of this study unit.

1. State the purpose of a choke on an internal combustion engine.

2, List the two types of chokes used on internal combustion engines.

b.

3. List the symptoms of excessive choking in an internal combustion engine.

b.

c.

4. State the position of the choke valve when the engine is at operating temperature.

5. State how enriching the air-fuel mixture for starting a cold engine is
accomplished.

6. What two methods are used to immediately lean the air-fuel mixture as soon as the
engine is started?

Work Unit 2-3. ENGINE MANIFOLOS
STATE THE PURPOSE OF AN INTAKE MANIFOLO.
STATE HOW ENGINE HEAT IS APPLIEO TO THE INTAKE AIR-FUEL MIXTURE ON INLINE ENGINES.

STATE HOW ENGINE HEAT IS APPLIEO TO THE INTAKE AIR-FUEL MIXTURE ON "V" TYPE
ENGINES.

STATE WHY HEAT IS APPLIEO TO THE INTAKE AIR-FUEL MIXTURE.
STATE THE MAIN REASON FOR UNEQUAL FUEL OISTRIBUTION IN THE CYLINOERS OF AN ENGINE.

We have discussed carburetion or the mixing of fuel with air in proper proportions.
Routing of this mixture to the cylinders is accomplished by the intake manifold. The manifold
is the device which connects the carburetor to the cylinders. Some fuel distribution problems
exist in the intake manifold. The major problem which affects fuel distribution is that the
fuel is not completely vaporized in the intake manifold. Gasoline (fuel) will not burn in the
1iquid state. The vaporization is accomplished by raising the fuel (particles) to its boiling
point. The boiling point is reached, to an extent, by applying heat to the center of the
intake manifold just below the carburetor. On an inline engine the intake manifold is bolted
to the exhaust manifold. In this case, a manifold heat control valve {fig 2-11) mounted in
the exhaust manifold causes exhaust heat from the combustion chambers to be routed to the heat
chamber just below the carburetor, As the chamber heats up, the air-fuel mixture is also
heated to aid in vaporization particularly with a cold engine. Once the engine is at the
operating temperature, the manifold heat control valve routes all exhaust gases to the exhaust
pipe. After the engine warms up, the engine (source of heat) and particularly the combustion
chamber completes the vaporization process.
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Fig 2-11. Manifold heat control valve.

In an V-type engine, exhaust heat is directed through an exhaust crossover passage in
the intake manifold (fig 2-12). The effect is the same (i.e., applying heat to the air-fuel
mixture which aids in the vaporization process). The complete exhaust system will be
discussed in study unit 4.

EXHAUST
CROSSOVER
i

Fig 2-12. V-type intake manifold.
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Inefficient vaporization of the fuel causes unequal air-fuel mixture in the individual
cylinders. This happens because the unvaporized particles (hydrocarbons) of fuel have a
tendency to travel in a straight line (inertia). The inertia of these heavy particles causes
them to pass the branch of the intake manifold (fig 2-13) which directs the air-fuel mixture
to the cylinders. The physical characteristics and shape of the manifold, composition of the
fuel, heat supplied, and engine speed all seriously affect the air-fuel distribution. Unequal
fuel distribution normally 1s evident when a cold engine is started. The rough idling,
misfiring cylinders, and black smoke combined indicate that the cylinders are receiving an
unequal air-fuel mixture. Unequal fuel distribution results in poor fuel economy and
increased exhaust emissions. Because of this, automotive manufacturers are increasing the
production of fuel injected engines.

EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

1. State the purpose of the intake manifold.

2. State how engine heat is applied to the air-fuel mixture on inline engines.

3. State how engine heat is applied to the air-fuel mixture on "V" type engines.

4. State why heat is applied to the air-fuel mixture.

5. State the main reason for unequal fuel distribution in the cylinders of an engine.

Work Unit 2-4. AIR CLEANERS
LIST THE FOUR TYPES OF AIR CLEANERS.
STATE THE PURPOSE OF AN AIR CLEANER.
STATE WHY THE AIR ENTERING AN ENGINE MUST BE CLEAN.
STATE THE PREFERRED METHOD OF SERVICING A PAPER ELEMENT AIR FILTER.
NAME THE AIR CLEANER THAT IS CONSIDERED THE MOST EFFICIENT.

In the previous work units, the discussion was centered on how air and fuel were mixed
then transported into the cylinders for combustion. The air used in the internal combustion
engine must be free of dust particles or excessive engine wear will result. Therefore, the
purpose of an air filter is to filter out dust particles. There are four types of air
cleaners used to filter out the dust particles: oil bath, oil wetted mesh, polyurethane, and
paper element air cleaners.

The oil bath type air cleaner (fig 2-13) uses a copper mesh element built into the
upper housing of the cleaner. The lower housing contains an oil sump (o0il bath) which is
maintained at a specified level. When the engine, is running a’r is drawn into the cleaner
and is deflected down and across the oil surface. Dust particles are picked up by the oil
(oil bath). The air then passes through copper mesh to remove oil particles and into the
carburetor.

Servicing the cleaner should be in accordance with the TM or about every §,000 miTles.

The oil must be emptied, the complete unit washed in solvent and the oil sump refilled with
SAE 40 oil. Very dusty conditions require servicing of the air cleaner more often.
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Fig 2-13, 0i1l bath air cleaner,

The oil wetted mesh type air cleaner is presently used on small gas engines, tractors,
or stationary engines., In this type air cleaner, the air passes through an oil wetted mesh
filter ring in which the oil picks up dust particles. This type cleaner has the disadvantage
of being unable to remove extremely fine dust particles from the air.

Servicing must be frequent depending on the conditions. Normally, after each use the
mesh must be washed in solvent or kerosene, squeezed dry, dipped in 0il, and excess oil
allowed to drain off.

The polyurethane cleaner (fig 2-14) is used on small displacement engines. The
element is generally supported by a perforated metal ring. When cleaning the polyurethane
element, care must be taEen to prevent damage. The element must be washed in mineral spirits
or kerosene, squeezed dry, dipped in oil and allowed to drain.

SUPPORT

POLYURETHANE

AIR PASSES
THROUGH
POLYURE THANE

Fig 2-14. Polyurethane element.
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The dry type or paper element filter (fig 2-15) is considered the most efficient
filter and is the one that is most preferred. It consists of an accordian-pleated, special
paper ring sealed on top and bottom with plastic rings. Most servicing situations require
simple replacement of the element. If the element is not over 50 percent plugged, as
determined by placing a light in the center of the ring and observing the outside, it may be
cleaned by tapping the edge of the element on a hard surface or by blowing the dust particles
out from the inside of the ring. Care must be taken not to damage the element, and cleaning
should be done in accordance with the technical manual pertaining to the particular vehicle.

Fig 2-15. Dry type air filter.

EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

1. List the four types of air cleaners used on the internal combustion engine.

a.

b.

C.

d.

2. State the purpose of an air cleaner.

3. State why air entering an engine must be clean.

4. State the preferred method of servicing a paper element (dry) air filter.
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5. Name the air filter considered to be the most efficient.

Work Unit 2-5. FUEL PUMPS
STATE THE PURPOSE OF A FUEL PUMP.
NAME THE TWO TYPES OF FUEL PUMPS,
STATE THE MINIMUM OPERATING PRESSURE OF A FUEL PUMP.

STATE THE MINIMUM AMOUNT OF FUEL A PUMP SHOULD DELIVER TO PROVIDE THE ENGINE WITH
ENOUGH FUEL FOR ALL OCCASIONS.

LIST FOUR ADVANTAGES OF AN ELECTRIC FUEL PUMP.
DESCRIBE THE PROCEDURE USED TO TEST A FUEL PUMP'S DELIVERY VOLUME.

In the operation of an engine, fuel is mixed with air in the proper proportions. The
air is clean (filtered), and the carburetor mixes the two elements. How does the carburetor
get the fuel which the engine needs? A fuel pump sucks gasoline (fuel) out of the fuel tank
through fuel Tines and pushes the fuel into the carburetor reservoir (float bowl). In short,
the fuel pump supplies the carburetor with fuel for use by the engine. Some fuel pumps
(double action) also produce vacuum to operate some vacuum operated components such as
windshield wipers. Double action fuel pumps are not used to a great extent since the
incorporation of electric windshield wipers on vehicles.

There are two basic types of fuel pumps--mechanical and electric. A mechanical fuel
pump (fig 2-16) uses cam action by an eccentric on the camshaft to produce movement of a
diaphragm. The diaphragm movement creates the suction of fuel from the tank and the pressure
to push the fuel to the carburetor through check valves (fig 2-17).

Fig 2-16. Mechanical fuel pump (cross section).
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Fig 2-17. Operation of mechanical pump.

Most mechanical fuel pumps used on vehicles are sealed and connot be repaired. Some
pumps have screws around the diaphragm to hold the valve body and the ower body together.
Although these pumps can be rebuilt, in most cases it is more practical to replace the pump
when ;t does not operate in accordance with criteria contained in the technical manual of the
vehicle.

Modern fuel pumps can give trouble-free service for many thousands of miles. However,
when fuel supply problems exist, it is best to insure that the fuel tank has sufficient
quantity of fuel first, then check the quantity of fuel delivered to the carburetor. To
ascertain the quantity delivered, disconnect the fuel line at the carburetor and direct the
Tine into a suitable container. Crank the engine with the coil wire removed.

The fuel should be expelled from the Tine in strong spurts. If no fuel comes out or
‘there is an insufficient quantity (1 quart in one minute by ratio), the fuel pump is probably
defective and should be y2placed. This procedure does not eliminate the possibility of a
restricted fuel filter, fuel line, or air leaks in fuel hoses. In diagnosing fuel pump
probgems, Took for leaks (oil or fuel) at the pump and ascertain if fuel has entered the
crankcase.

Another method of testing a fuel pump is by connecting a pressure gauge on a TEE in

the carburetor inlet line. The pressure reading should be at least 5 psi and no more than 8
psi. Check the specifications in the particular TM when trouble-shooting.

Electric fuel pumps have advantages over the mechanical pump. First, several pumps
can be used on one vehicle so that large amounts of fuel can be supplied and also, if one pump
fails, another will continue to supply the fuel. There is a tremendous reduction of the
tendency to vapor lock with an electric pump due to normal mounting away from the engine (heat
source). Electric pumps supply fuel as soon as the ignition switch is turned on, while the
mechanical pump requires the engine to turn (crank). ~Another advantage of an electric pump is
that the fuel in the line, when pressurized, does not pulsate.

There are two types of electric fuel pumps--suction and pushing. A pushing pump is
normally mounted in the tank pump. The suction pump is mounted between the tank and
carburetor. Either pump whether, it is electric (suction or pushing) or mechanical, supplies
fuel to the carburetor ‘hrough a fuel filter which eliminates sediment from the fuel. One
major disadvantage of an electric fuel pump is that it costs more than a mechanical pump.
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Diagnosis of the electric pump is the same as a mechanical pump except that the engine
does not have to be cranking. Just disconnect the Iine at the carburetor and turn the
ignition on. If no fuel is delivered then the pump is defective or the supply line is blocked.

EXERCISE: -

'.

2.

3.

4.

5.

Answer the following questions and check your responses against those listed at
the end of this study unit.

State the purpose of a fuel pump.

Name the two types of fuel pumps.

State the minimum operating pressure of a fuel pump.

State the minimum amount of fuel a fuel pump should deliver to provide the engine
with enough fuel for all occasions.

List four advantages of  electric fuel pump.

a.

b.

C.

d.

Describe the procedure used to test a fuel pump's delivery volume.

SUMMARY REVIEW

In this study unit, you learned the principles of the gasoline fuel system, its
components, and the principles of carburetion. In the next study unit, we will discuss the
diesel fuel injection systems.

Answiers to Study Unit #2 Exercises

Work Unit 2-1.

1
2.

To provide the engine with a combustibie mixture of fuel and air
a. Fuel tank

b. Fuel Tines

¢. Fuel pump

d.  Fuel filter

e. Carburetor

. Air cleaner

g. Intake manifold

h. Ems.ion contro.::

To meter and atomize th: “u.. 4ith air in the proper proportion
Venturi action
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a. Float circuit

b. Low speed (idle) circuit

c. Main metering circuit

d. Acceleration circuit

e. Choke circuit

To provide the engine with the proper combustible mixture for Tow speed operation
Idle mixture

To maintain a reservoir of fuel in the carburetor at all times

Work Unit 2-2.

1.
2.

3.

To aid in starting a cold engine

a. Manual choke

b. Automatic choke

a. Carbon buildup on spark plugs and combustion chamber

b. Increased gas consumption

c. Flooding

Open

When the choke is closed (engine cold), the intake manifold vacuum pulls fuel
through the high speed circuit.

By offseting the choke valve (plate) and/or by having a spring-loaded poppet valve
in the choke valve (plate)

Work Unit 2-3,

N = N

To connect the carburetor to the cylinders
By mountin? the intake on the exhaust manifold and incorporating a manifold heat
control valve diverting heat to the base of the carburetor

By incorporating an exhaust crossover passage in the intake manifold
To aid in the vaporization of the fuel
Inefficient fuel vaporization

Work Unit 2-4.

1.

NN
« s

a. 0il bath

b. 0il wetted mesh

c. Polyurethane

d. Paper element (dry)

To filter out dust particles
To reduce excessive wear
Replace the element

Paper element type filter

Work Unit 2-5.

NP ON) -
. .

To supply the carburetor with fuel

Mechanical and electrical

5 psi

1 quart per minute ratio

a. Several pumps can be used

b. Reduction in the tendency for vapor lock

c. Fuel supplied as soon as ignition is turned on

d. Fuel does not pulsate

Disconnect the fuel line at the carburetor, direct the Tine into a container,
operate the fuel pump, and observe the amount of fuel delivered.
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STVOY WIT 3
DIESIL FUEL SYSTEMS
UNIT OBJICTIVE: WITHOUT THE AID OF REFERENCES, YOU WILL IDENTIFY THE
IPLES OF A DICSEL FUEL SYSTEM. AFTER IDENTIFYING THE PRINCIPLES OF A DIESEL

SYSTEN, YOU WILL IOENTIFY THE VARIOUS TYPES OF DIESEL FUEL INJECTION SYSTEMS

AS TME PRESSURED ﬂl'd:ﬂ FUEL INJECTION SYSTEM, THE UNIT INJECTOR SYSTEN,
™ DISTRIBUTOR TYPL IWECTION SYSTEN,

In this study mit, discussion will be centered upon the mm‘ggu of diesel fuel

::.hmn x:hl wed on modern motor transport vehicles such as the and M939 serfes
fcles, W61 and LYS (Dragon Wegon), and the MI009 (CUCY).

Work Unft J-1. TYPES OF DIESEL FUEL INJECTION SYSTEMS
STATL TME PURPOSE OF A OIESEL FUEL INJECTION SYSTEN,

LIST THE SIX FUNCTIONS A DIESEL FUEL INJECTION SYSTEM MUST PERFORM TO PROVIDE
(PP ICIDIT OPERATION.

WK THE COMPONENT WHICN CONTROLS FUEL PRESSURIZATION AND ATOMIZATION.

%II'SJCP!I’ THREL TYPES OF OIESEL FURL INJECTION SYSTEMS USED ON MILITARY MOTOR

STATE WOW FUEL 1S METERED BY THE CUMMINS (COMMOM RAIL) TYPE FUEL SYSTEM ON THE
M009 OR MBI SERIES VEWICLES.

STATE TWE FOUR FUNCTIONS OF TME UNIT IMJECTOR.
STATE THE FOUR FUNCTIONS OF TWE IMJECTION PUMP INCORPORATED WITH A DISTRIBUTOR
TYPE FURL SYSTEN.

553

STATE THE TWO TYPES OF SUPERCHARGERS USED ON MILITARY VEWICLES.

T™he ¢iese) fue) injection system fs actually the heart of the diesel engine. There
ore asny &1 fforent asig: used on engines today, but, rdless of the design or type of
tem, the of fue) injection system s to inject the correct amount of fuel into
ongine at proper time.

Fuel fnjection systems used on modern vehicles (diesel engines) have been perfected by
oy yeors of research and anlornt. This research and development have resulted in the
mdern {njection gsystem which s 1ightweight, sma)l, and relfable.

1f the engine is to operate efficiently, the fue) system must perform the following
functions: meter, time, pressurize, atomize, distridbute, and control fnjection.

° %& s measuring the proper amount of fue) supplied to the engine cylinders

1y, according to engine speed and Voad. is function can be done within the
pump or ot the injectors.

¢ Timing of the fus) injected is fmportant during 811 phases of engine operstion from
im' through full Yoad and speed. The fue) must be injected when the piston is at or
*:* top dead conter (TOC) on the compression stroke. During the varfance of engine

iritl, he timing 13 changed to allow for time 1ag between injection and fgnition or
e factors, .Zb.'! the time of injection 1s normally controlled by a governor
buflt into the fue) (injection) pump.

o The fm) must be 120d to be injected into the combustion chamber where the
pressure of w&”ﬁww\o wp to 500 psi. Pressurization opens the fnjector
::zlo'hzu!' oaded valve) and controls the atomization of the fue) through the

o i

' or sround the pintle. Since stomization occurs at high pressures
1500 to 4000 pei), the injector spring must allow the fue) sure to rise to the
specified rin pressure o g to the technica) manual or manufacturer's
recommpndations or impropor atomization wil) occur.
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¢ Fuel must be atomized in order to be burned efficiently because fuel, in 1iquid form,
does not burn"easily. The degree of atomization will vary according to combustion
chamber design. For instance, an engine with precombustion chambers requires 1ittle
atomization, while a direct injection engine relies solely on atomization and piston
crown design to mix fuel with air for spontaneous combustion. Improper or inefficient
atomization directly effects spontaneous combustion,

e Distribution of fuel must be accurate and occur at the zroper time (according to the
fring order). A distributor type system incorporates high pressure lines from the
injection pump to each injector. The firing order or the distribution of high
pressure fuel is determined at the hydraulic head of the injection pump. Other
systems use a camshaft actuated rod to operate the injectors and the distribution of
fuel to all cylinders is accomplished by a fuel manifold.

o The beginning and ending of fuel injection must be quick. Any delay will change the
pump to engine timing, Hard starting, poor running, and excessive smoke are symptoms
of a delay at the be?inning or ending of fuel injection. Control of injection 1is
accomplished by the incorporation of a delivery valve, retraction valve (1n the fuel
system), or a sharp drop on the cam lobe which operates the injector.

Many types of fuel injection systems are used on modern vehicles. The most common
typts used on military motor transport vehicles are pressure time (common rajl), unit
injector, and distributor systems. A general description of each is given below. More
specific details will be given in later work units.

® The pressure time (common rail) system (fig 3-1), used exclusively on Cummins diesel
engines, uses a gear driven pump to move fuel from the tank to the injectors. The
fuel moving through the working parts provides lubrication and cooling for the
injectors and pump. A flyweight governor controls the fuel pressure within the system
and also the idle and top (maximum) speed. The throttle, regulated by the operator,
controls the fuel flow and pressure to the injectors between idle and maximum speeds.
The injector is operated by the camshaft. Fuel to all injectors is routed through
passages in the cylinder head. The amount of fuel injected is controlled by the
pressure of fuel in the manifold at the injector and the amount of time the fuel inlet
orifice in thq injector is open to receive fuel.

FUEL TANK

Fig 3-1. Pressure time (common rail) system fuel flow.
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The Detroit Diesel unit injector (fig 3-2) uses a low pressure gear pump which brings
fuel from the tank through the fuel filter to the cam operated injector. The injector
meters, times, pressurizes and atomizes fuel into the combustion chamber. A separate
governor is connected to the control rack which varies the amount of fuel according to
Toad and speed of the engine. The control rack turns the injector plunger, placing
the helix in a position to control the closing of the inlet and exit ports. The
position of the helix controls pressurization, metering, and injection of fuel.

FURL PR T

Fig 3-2. Typical unit injector system.

The distributor pump (fig 3-3) and injector nozzle system utilizes an engine-driven
rotary injection pump that supplies and distributes pressurized fuel to the various
cylinders. Metering of fuel and injection timing are controlled by the pump. The
injector nozzle atomizes fuel in the combustion chamber when the pressurized fuel from
the injection pump overcomes the spring load in the nozzle body.



Fig 3-3. Distributor fuel injection.

Other components of the diesel fuel system are the tank, fuel filters, and return

lines. The fuel tank stores fuel, the filters remove impurities and moisture, and the fuel

return 1ines provide a route for excess fuel to return to the tank after circulating through
the injectors. These items are common to all vehicles.

Superchargers are used on some vehicles. A supercharger is a device used to force air

into the cylinders. There are two types: turbochargers and blowers.

The turbocharger (fig 3-4) is comprised of two impellers on a single shaft. The unit
1s mounted on the exhaust manifold to utilize the exhaust gas pressure to turn the
impellers. As the shaft turns, the intake impeller (turbine) pulls air in and forces
it into the intake manifold for use by the engine. Since the turbocharger pressurizes
the intake air, all exhaust gas remaining in the cylinder is pushed out before the
exhaust valve closes. This scavenging process improves engine power.



TURBOCHARGER

Fig 3-4, Turbocharger.

o The blower used on military vehicles is the "ROOTES" type (fig 3-5). It consists of
two Totors closely meshed and is gear driven from the engine. This positive

displacement blower causes air to be forced into the engine cylinders. The effect is
the same as with a turbocharger,

The application of superchargers incorporated on military vehicles is being
diminished. At present, most engines are naturally aspirated. Maintenance and repair
criteria are contained in the particular technical manual of the vehicle and/or engine,

AR EXHAUST VALVE

PO

EXHAUST VALVE

COMBUSTION
CHAMBER

SUPERCHARGER

Fig 3-5. Positive displacement blower.
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EXERCISE:

Answer the following questions and check your responses against those listed at
the end of this study unit.

State the purpose of a diesel fuel injection system,

List the six functions a diesel fuel injection system must perform to provide
efficient operation.

b.

c.

d.

f.

Name the component of a diesel fuel injection system which controls pressurization
and, therefore, atomization of fuel into the cylinder.

List the three types of fuel injection systems used on military vehicles.

a.

b.

c.

State how fuel is metered by a Cummins (common rail) type fuel system on the M809
or M939 series vehicles.

State the four functions of the unit injector.

b.

c.

d.

State the two types of superchargers used on military vehicles.

a.

b.




Work Unit 3-2. PRESSURE TIMEO (PT) FUEL INJECTION SYSTEM
STATE THE PRINCIPLE OF THE PT FUEL SYSTEM.
STATE THE OPERATING PRESSURE RANGE OF THE PTG FUEL PUMP ON THE M939 SERIES VEHICLE.
NAME THE COMPONENT WHICH CONTROLS FUEL FLOW AT LOW IOLE ANO HIGH IOLE.
STATE HOW FUEL FLOW FOR LOW IOLE IS PROVIOEO.
\ STATE THE PURPOSE OF BYPASS FUEL.

NAME THE COMPONENT WHICH CONTROLS FUEL FLOW (PRESSURE) IN THE FUEL MANIFOLO
BETWEEN IOLE AND MAXIMUM ENGINE SPEEOS.

NAME THE COMPONENT THAT CONTROLS THE TIMING (OPENING ANO CLOSING) OF THE FUEL
INLET ORIFICE.

NAME THE COMPONENT WHICH ALLOWS FUEL PRESSURE TO BUILO IN THE PT FUEL PUMP TO
START THE ENGINE.

The MB09 and M939 series vehicles use the Cummins NHC 250 engine. The naturally
aspirated, six-cylinder, inline, 1iquid cooled engine utilizes the somewhat unique Cummins
pressure time (PT) fuel system. This system is composed of a PT&-AFC (plugged) fuel pump (fig
3-6) mounted on the air compressor, fuel manifold, PT (type 0) injector, and fuel return
lines. Of course a fuel tank, supply lines, and filter are common to all internal combustion
engines. The pressure time (PT) fuel system is derived by the fact that fuel metered into the
cylinder depends on two things, the fuel pressure at the metering orifice (controlled by the
fuel pump) and the time the orifice is cpen to receive fuel (controlled by the cam actuated
injector plunger). The air fuel control (AFC) device incorporated in the pump is plugged when
used on naturally aspirated engines such as the NHC 250.
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TACHOMETER mn\

GEAR PUMP
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Fig 3-6. PTG fuel pump (cross section).
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Now let's learn the operation of the PTG fuel pump. The principle of the PT system is
based on the fact that changing the pressure of the fuel (1iquid) in a 1ine also changes the
amount of fuel (1iquid) delivered. The PT pump draws fuel from the tank and delivers it to
each injector and also provides a means of controlling the pressure of the fuel being
delivered. Therefore, it is a variable pressure fuel pump. Fuel pressures developed by the
PTG pump vary from 26 psi at idle to approximately 176 psi at the top rated speed of the
engine,

Take a look at figure 3-7. Fuel enters the gear pump, moves through a screen to the
governor, then through the throttle shaft, and lastly, through the shut-down valve to the
1njecto§s. Pulsations created by the gear pump are eliminated by a pulsation damper (refer to
fig 3-6).

As noted previously, the PTG pump is a variable pressure pump. In this type pump, the
fuel flow is controlled by the governor (fig 3-7) at idle and maximum speeds. If the
operating speed is somewhere between low idle and high idle, fuel flow is regulated by the
throttle which is controlled by the operator. At low idle, the goverior maintains sufficient
fuel pressure (flow) by the use of a plunger and spring which allow the idle port to open,
allowing enough fuel to maintain engire idle speed. At maximum speed (RPM) the governor
plunger shuts off fuel (1imits fuel pressure) to the injectors thus limiting speed. A bypass
port is incorporated in the governor housing which allows fuel to circulate through the pump
for Tubrication and cooling of the working parts.

Leekage
W Throttle & Throttle
Open Closed
Idle
Fuel L
bypess
Fuel
.
I it Q.llls
o ]
Weight . \

Assist Idle Spring

Governor Weiaht

Fig 3-7. Governor (showing fuel flow).

You should note in figure 3-7 that the throttle shaft leakage allows fuel to pass from
the governor around the throttle shaft to maintain low idle speed. For part load operation
(between low idle and high idle) fuel flow is regulated by the throttle shaft. Thus the
throttle controls fuel flow (pressure) between idle and maximum speeds.

Let's take a closer look at the governor., When the engine is not running, the idle
spring plunger is positioned against the governor plunger (fig 3-8). With the engine at idle,
fuel pressure from the gear pump flows through the governor barrel and forces the idle spring
plunger from the governor plunger (refer to fig 3-8?, thus providing bypass fuel to lubricate
and cool the fuel pump. When the throttle is opened fuel pressure is increased in the fuel
manifold. As engine speed increases, the governor weights move the governor plunger against
the governor spring guide. This increases the fuel pressure in the pump and also in the fuel
manifold according to the throttle position. Therefore, the initial movement of the throttle
immediately increases the amount of fuel passing through the metering orifice in the
injector. As engine speed increases, the governor allows fuel pressure to build in the pump.
This procedure makes the throttle control fuel pressure in the fuel manifold thereby adjusting
the amount of fuel delivered to the cylinders according to its position.
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Fig 3-8. 1dle spring and plunger (engine not running).

The fuel manifold is a drilled passage in the cylinder heads connecting the injector
to the fuel supply. A return system is also provided to allow fuel to flow through the
working parts of the injector for cooling and lubrication.

If you recall, in work unit 3-1, the metering of fuel to the cylinders of the PT
system is a function of fuel pressure and the time the metering orifice is open to allow fuel
to enter the injector pressure chamber. Timing the opening of the inlet orifice in the
injector is a function of the camshaft. The camshaft lobe is machined to provide this part of
the metering process (fig 3-9).
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Rocker lever

Camsghaft lobe
(cams)

Fig 3-9. Injector operating train.

As noted previously in this work unit, the fuel pump is essentially a pressure pump

which provides the fuel at varying pressures (26 to 176 psi) according to throttle position.

This is oniy one step in the metering of fuel. The second step is accomplished in the

injector which meters, pressurizes, and atomizes (injects) the fuel into the combustion

chamber. To better understand this, study figure 3-10 which describes the complete operating
cycle at the injector.
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Fig 3-10, PTD fuel injector operating cycle,
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Note that fuel is continuously circulating through the injector and metering of the
fuel takes place when the plunger moves up, opening the metering orifice. The amount of fuel
entering the pressure chamber in the injector cup is determined by both the pressure of the
fuel and the amount of time the metering orifice is open.

A1l fuel to the injectors flows through the shut-down valve (fig 3-11). The shut-down
valve is an electrical switch which shuts off fuel to the injectors when no current is
present. The switch is controlled by the accessory (ignition) switch in the cab. .A manual
control is provided on the valve in case of electrical power failure.

CAPSCREV/
[oe]]
OUTLET FUEL SHIELD L ASSEMBLY

CONNECTION VAIVE

SPRING

LOCKWASHER 0
HOUSING| PLAINWASHE®
=
0 CAPSCREW
LOCKWASHER

PREFORMED
SHAFT SHUT-OFF PACKING
o-RING | VALVE
A
vaNUAl SSEMBLY
SERIDE KNOB
PIPE
PLUG

fig 3-11. Fuel shut-down valve.
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IXERCISE:

1.

5.

7.

9.

Answer the following questions and check your responses against those iisted at
the enc of this study unit.

State how the fuel is metered by the PT system.

State the principle of the PT fuel system.

State tha operating pressure range of the PTG fuel pump.

Name the component that controls fuel flow at low idle and high idle.

State how fuel flow for low idle is provided.

State the purpose of bypass fuel.

Name the component which controls fuel flow (pressure) in the fuel manifold
between idle and maximum engine speeds.

Name the component which controls the amount of time the inlet orifice is open.

Name the component which allows fuel pressure to build in the PT fuel pump to
start the engine.

fork Unit 3-3. UNIT INJECTOR SYSTEM

LIST THE COMPONENTS OF A UNIT INJECTOR FUFL SYSTEM.

STATE THE FUNCTION OF THE FUEL PUMP.

STATE THE FUNCTION OF A UNIT INJECTOR.

STATE THE FUNCTION OF THE RESTRICTED FITTING.

STATE WHY THE FUEL PJMP CIRCULATES AN EXCESSIVE AMOUNT OF FUEL.
STATE HOW FUEL IS METERED IN A UNIT INJECTOR.

DEFINE EFFECTIVE STROKE IN A UNIT INJECTOR.

LIST THE SIX STEPS (IN ORDER) IN TUNING A UNIT INJECTOR FUEL SYSTEM.

The Detroit Diesel unit injector system is used on the M561 (GAMMA Goat) and will also
)e used on the Logistic Vehicle System (LVS, Dragon Wagon). Although the M561 uses a 3-53
ingine while the LVS will have a 8V-92TA, both have a two-stroke cycle. The components and
peration of the fuel systems are very similar.

54
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The components (fig 3-12) of the unit injector fue) system consist of:
A 90dr pump supplying fue) ot Yow pressure to the injector.
A fue) strainer and & fue) fiiter to remove sediment,
The Injectors which meter, time, pressurize, and atomize fuel into the cylinder,
A control tude which connects the contro) rack of each injector to the governor,
Steel fuel ines that serve s inlet and return Yines (maybe woven),

:u; menifolds sre drilled passages in the cylinder head(s) for inlet and return
ve),

A restricted fitting to maintain fue) pressure to the injector.

LV TR L 1Y
. . . v T
Cyiinott
HEADS
- U -

4 L 4 ) : - - \ - \‘
T 3 172 Y N

v /' v V \
run mlCtOl/

My Ito it
AV {WRL" §Y "L e CHECK vaLvE X

Lw FUtL putee
FURL STRAINLR

U
1L um/

Fig 3-12. Unit injector fuel flow.

The positive displacement gear pump draws fuel from the fue) tank through a fuel
strainer and check velve, The fuel then flows through & filter at Yow pressure to the
inlet manifold 1n Qlinder head. The fuel 1s provided to the injectors through inlet
(Jwmper) tubes. The unused fuel returns vis an outlet tube to the return fuel manifold and
restricted fitting to the fuel tank.
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The pump circulates an excess amount of fuel through the injectors which purge air
from the system and cool the injectors. A pressure relief valve is incorporated in the pump
to relieve excess pressure developed when the fuel filter is clogged.

After leaving the pump, the fuel passes through a filter and enters the fuel manifold
which distributes fuel to each injector. Fuel pressure in the manifold is maintained by the
restricted fitting (refer to fig 3-12) at the end of the return fuel manifold. Fuel which is
allowed to pass through the restricted fitting returns to the fuel tank.

Fuel enters the injector (fig 3-13) through an inlet filter then moves down the body
of the injector. Fuel flows through the upper part of the barrel fi11ing the area below the
plunger and travels through the lower port into the fuel return manifold. There is a machined
area (helix) on the plunger positioned to accomplish the metering of the fuel to be injected
into the cylinder. The amount of fuel metered is accomplished by the control tube moving the
rack and gear attached to the plunger of each injector. This movement is controlled by the
governor and positions the helix to meter fuel according to the load and speed of the engine.

FOLLOWER

FOLLOWER SPRING
FILTER CAP
GASKET
INJECTOR BODY

FUEL FILTER

GEAR RETAINER

SEAL RING CONTROL RACK

PLUNGER BUSHING

SPILL DEFLECTOR

CHECK VALVE
VALVE SPRING

SPRING SEAT sg;chJATLVE CAGE
NEEDLE VALVE v
SPRAY TIP SPRING CAGE

Fig 3-13. Unit injector.

A closer Took at the metering of fuel reveals that the plunger, in its movement up and
down, closes both the upper and lower ports to pressurize and inject fuel. Movement of the
rack turns the plunger which also varies the effective stroke (fig 3-14), thereby varying the
amount of fuel injected. Increasing the effective stroke aliows more fuel to be injected.

Not creating an effective stroke by positioning of the rack in the no fuel position, places
the helix where either the upper or lower port remains open during the pressurization stroke.

Effective stroke s the distance the plunger moves to pressurize and inject fuel (the distance
the plunger moves after both ports are closed).



Wyip e,

A

No injection No injection Idling
Rack out completely Rack out slightly

, EFFECTIVE
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g /
3 \END

D E
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Varied degrees of injection from no injection to full load by rotation of plunger.

Fig 3-14. Fuel metering (unit injector).

Not all of the fuel that enters the injector is injected into the cylinder. Excess
fuel circulates through the injector for cooling and lubrication and then exits to the fuel
return manifold. A restricted fitting is placed at the end of the return manifold to maintain
fuel pressure in the injectors and the inlet (supply) manifold. Return fuel is then routed
back to the fuel tank.

Servicing of the unit injector is not difficult. However, due to special handling of
lapped (precision fitted) parts and special equipment that is required, disassembly of the
injector will not be discussed. The procedures delineated in the te-hnical manual of the
specific vehicle or engine should be followed.

A guide for engine tune up and adjustment is provided in Appendix II. The
procedures for engine tune up must be followed in the correct order or engine efficiency will
suffer. The procedures for engine tuneup are as follows:

a. Adjust the exhaust valve clearance.

b. Adjust injector timing.

¢c. Adjust governor gap.

d. Position injector rack control levers.
e. Adjust high idle, no load.

f. Adjust idle speed.

- 57



Note

EXERCISE:

1.

the technical manual of the particular vehicle.

¢ Procedures for tuneup will vary according to engine and governor types. Check

Answer the following questions and check your responses against those listed at

the end of this study unit.
List the components of a unit injector fuel system.

b.

f.

9.

State the function of the fuel pump.

3.

State the function of a unit injector.

State the function of the restricted fitting.

5.

State why the fuel pump circulates an excessive amount of fuel.

State how fuel is metered in a unit injector.

Define effective stroke in a unit injector.

List the six steps {in order) to follow when tuning a unit injector fuel

system.

b.
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Work Unit 3-4. DISTRIBUTOR TYPE FUEL INJECTION (6.2L DIESEL)

STATE THE FOUR FUNCTIONS PERFORMED BY THE DISTRIBUTION FUEL INJECTION PUMP ON THE
M1009 (Cucv).

GIVEN A TEMPERATURE BELOW 200F, STATE WHY DIESEL FUEL MUST BE OF A DIFFERENT
GRADE.

STATE THE FUNCTIONS INCORPORATED IN THE FUEL FILTER IN THE M1009 (Cucv) FUEL
FILTER.

STATE WHEN THE FUEL HEATER ON THE M1009 (CUCV) FUEL FILTER ACTIVATES.

STATE WHY INJECTION PUMP TIMING ON THE M1009 (CUCV) MUST BE DONE WITH PRECISION.
STATE WHEN THE INJECTION PUMP IS REMOVED FOR TESTING.

STATE WHEN THE AUTOMATIC ADVANCE MECHANISM SHOULD START TO WORK AND EXPLAIN WHY.

STATE THE TWO OPERATIONS OF THE VENT WIRE ASSEMBLY IN THE INJECTION PUMP ON A
M1009.

STATE THE TWO WAYS THE METERING VALVE IN THE M1009 INJECTION PUMP OPERATES.
STATE HOW FUEL IS PRESSURIZED WITHIN THE INJECTION PUMP OF THE M1009 (cucv).
STATE THE FUNCTION OF THE DELIVERY VALVE.

STATE HOW THE INJECTION OF FUEL IS ADVANCED FOR HIGH SPEED OPERATION.

In the previous work units, you were introduced to two types of fuel injection
systems, the common rail (PT) and the unit injector system. In this work unit, we will
discuss the operation of a distributor type fuel system. The distributor system in this work
unit is incorporited on two military vehicles, the M1009 (CUCV) and M98 (HMMWY). Both
vehicles use *'.. 6.2L diesel engine. The major difference between this system and the others
previously discussed is the use of an injector pump and nozzles injecting the fuel into
precombustion chambers. The Roosa Master Fuel injection pump is a single cylinder, opposed
plunger, inlet metering, distributor type unit used in high speed diesel engines. Metering,
pressurization, distribution, and timing of injection are performed by the injection pump.
Atomization of the fuel into a precombustion chamber is performed by the injector nozzle.

Fuel is pumped from the fuel tank through a filter sock which separates paraffin and
other sediment from the diesel fuel. Paraffin forms in fuel oil (diesel) during cold weather
below 200F. As a precautionary measure, you should insure that the proper grade of diesel
is used according to the anticipated weather conditions. In a cold climate (below -200F)
use fuel designed for arctic use. In addition to the filter sock, a bypass valve is {nstalled
in the fuel line to allow fuel to flow when the sock is clogged. In order for this operation
to happen (bypass) there must be at least 4 gallons of fuel in the tank. Therefore, the tank
must be kept above 1/4 full.
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The 1ift pump is a mechanical diaphragm pump, operated by an eccentric on the
camshaft, mounted on the right front of the engine (refer to fig 3-16). The pump brings fuel
from the tank and supplies about 5 1/2 pounds of pressure through the fuel filter. This pump
appears like any single diaphragm fuel pump used on gasoline engines and serves the same
purpose.

The fuel filter on the M1009 (CUCV) incorporates a two-stage pleated paper type
filter, water separator, water sensor, and a fuel heater (look at fig 3-16). The filter
element will remove particles 10 microns in size and larger, providing clean fuel for
injection. The filter should be changed (replaced) according to manufacturer's
recommendations or the lubrication order (LO) pertaining to the vehicle to insure that the
clean fuel reaches the injection pump. During the filtering process, water is removed and
collected in the bottom of the filter. When enough water is accumulated in the filter, a
sensor will activate the fuel 1ight on the dashboard. Water in the filter can be drained by
opening the drain cock and vent on the filter base. The fuel heater, mounted in the filter
base, activates when the temperature is below 200F and will then turn off when the fuel
reaches 500F. This provides protection against wax (paraffin) separating from the fuel and
clogging the filter. The heat will only be on until the under hood temperature gets hot
enough to heat the fuel. However, this does not heat the fuel in the tank. Therefore, the
correct grade of diesel fuel must be in the tank prior to starting the vehicle. Testing the
heater with an ammeter should draw 8.6 amps (approx); it must be tested below 20 degrees
ambient temperature.

The injection pump (fig 3-15) is mounted on the front gear train under the intake
manifold. Precision timing must be achieved if high efficiency is to be attained. Therefore,
after the timing chain is installed, the injection pump drive gear has to be mounted on the
camshaft and the driven gear timed to the drive gear (align timing marks on the gears).

Now, the timing mark on the front cover must be determined. To accomplish this, a
special tool must be used and torqued to 50 1b/ft; refer to the appropriate Technical Manual.
Reestablishing the timing mark must be done upon replacement of the timing chain or overhaul
of the engine. Removal of the injection pump should be done after you have eliminated other
possible causes of the maifunction, such as clogged filters, fuel lines, malfunctioning 1ift
pump, etc. In other words, use a trouble-shooting guide (Appendix III or the TM).

Fig 3-15. Distributor injection pump (cutaway).
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Fuel is drawn into the pump by the vane type transfer pump and is routed to the
automatic advance mechanism housing cover and metering valve. For a complete fuel flow
through the distributor fuel system, look at figure 3-16.

The automatic advance mechanism controls the advance and retard of fuel delivery.
This mechanism starts working during high speed driving to insure that the fuel pulse arrives
at the cylinder in time for the compression stroke when the piston is at top dead center.
This is where compression is at its highest point. If it were not for the advance mechanism,
the fuel would not arrive at the cylinder before the piston had already started downward on
the power stroke. Thus, the automatic advance mechanism insures smooth engine performance.
The mechanism consists of a power piston, a servo valve, a servo spring, a servo piston, and a
cam advance pin.

A vent wire assembly controls the amount of fuel that is returned to the fuel tank
from the injection pump. It is located in a short passageway behind the metering valve bore.
Excess fuel coming from the transfer pump flows by the vent wire, taking any air which has
entered the transfer pump along with it. After passing the vent wire assembly, the fuel
enters the governor compartment.. From here, excess fuel leaves the pump through the return
line. The amount of fuel that enters the return line is controlled by the size of the wire in
the assembly. If the amount of return fuel does not meet specification requirements, the
existing vent wire can be exchanged for one of a different size.

Most of the fuel goes through the metering valve. The metering valve operates in two
ways: (1) By the throttle lever, when the vehicle is operating at intermediate speads; (2) by
the governor 1inkage, when the vehicle is at minimum and maximum engine speeds. The metering
valve allows a measured amount of fuel to pass into the center of the hydraulic head where the
distribution rotor is turning. Fuel goes to the center of the rotor, which has two inlet
passages at one end and an outlet passage at the other end. As the rotor turns, the inlet
passages line up with ports in the hydraulic haad. When this occurs, the fuel is forced into
the pumping chamber.

The pumping chamber consists of two sets of rollers, shoes, and plungers, which rotate
inside a cam ring. The cam ring has lobes on the inside, one for each engine cylinder. The
force of the fuel coming into the pumping chamber, together with the centrifugal force
?enerated by the rotor, moves the plungers apart. The plungers move outward, a distance which

s directly proportional to the volume of the fuel passing the metering valve. As the rotor
turns, the rollers contact the peaks of the cam ring lobes, pushing the plungers together. It
is this action which pressurizes the fuel to the degree required to open the noz-‘es.

The fuel, which is now at injection pressure, is forced back along the center passage
of the rotor and into the discharge port. The fuel {s pumped out of the rotor when the
discharge port of the rotor 1ines up with one of the discharge outlets in the hydraulic head.
As the rotor turns, its single port discharges a pulse of fuel into each of the eight
hydraulic head outlets in sequence.

Each discharge fitting is connected to a nozzle by a high pressure 1ine. The fuel is
pumped through the discharge fitting, through the high pressure 1ines, and into the nozzle and
the engine's cylinder. Fuel enters the nozzle at a rate and amount that varies with the
demands of the engine. wWhen the engine fuel demand is low, such as at idle, the fuel pulses
are smaller and farther apart than when the engine is running at wide open throttle. At wide
open throttle, larger amounts of fuel, spaced closely together, force the nozzles to open more
often and to stay open longer to meet the needs of a high speed engine.

Fuel from the injection pump has now been metered, pressurized, timed, and distributec
to each nozzle. When the fuel reaches the nozzle, it will arrive with enough pressure to open
the nozzle and enough fuel to meet the engines requirements. Also, each pulse of fuel will be
timed to arrive at the cylinder as the piston reaches top dead center (ToC).

3-21 61



- HOUSING
PRAESSURE
ABQULATOR

PRESSURR
g | {] |l~coLoabvance

Fig 3-16. Fuel flow (6.2L diesel).

The delivery valve (fig 3-17), located in the center of the distributor rotor, helps
the nozzle to reseat (close) rapidly and prevents fuel from dribbling into the precombustion
chamber, Pressurized fuel coming from the pumping chamber forces the delivery vaive plunger
slightly out of its bore. Fuel passes the plunger and out the discharge port. When fuel

préssure drops, the delivery valve plunger immediately reseats, causing a rapid drop in
injection 1ine pressure.
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Fig 3-17. Delivery valve operation.
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There are three mechanisms in the Stanadyne D8 2 fuel injection pump which serve to
advance injection timing: (1) the automatic advance, (2) the mechanical light load advance,
and (3) the housing pressure cold advance (HPCA) solenoid.

e In the automatic advance mechanism, the cam advance pin links the advance
mechanism to the cam ring. This pin is connected to the advance mechanism at its
Tower end and to the cam ring at its upper end. In this way, when the advance
piston shifts position, the cam ring also shifts position because of the linkage
provided by the cam pin. This movement, or rotation, of the cam ring results in
the advance of fuel delivery. The action of the power and servo pistons is
dependent upon fuel pressure from two sources: the housing pressure behind the
servo piston and the transfer pressure behind the power piston. When the engine
is cranking, the fuel behind the servo piston is at housing pressure and the power
piston is seated against the housing. As the vehicle's speed increases, the
transfer pressure rises as a result of increasing pump speed. When this happens,
the transfer pump sends fuel to a chamber behind the power piston. When transfer
pressure behind the power piston exceeds housing pressure, the force of this
accumulating fuel overcomes the resistance of the servo piston and spring, and the
power piston shifts position. The power piston pushes the cam advance pin and
rotates the cam ring in the direction opposite to the rotation of the distributor
rotor and the rollers, shoes, and plungers. Because of this rotation, the rollers
contact the cam lobes earlier and injection timing is advanced. When the transfer
pressure drops, the timing will be retarded because the cam ring will rotate in
the other direction.

e The light load mechanism provides advance when the engine is operating at low
speed or at 1ight load when the transfer pressure is too low to move the advance
piston. The 1ight load advance consists of an external face cam and rocker lever
assembly. At the top of the pump, this assembly is connected to the throttle
shaft. At the lower end, the rocker lever contacts the protruding end of the
servo advance plunger. The throttle shaft moves the face cam and lever assembly
which in turn moves the servo plunger toward the cam pin. This action changes the
reference point of the servo spring. At a predetermined angle, the surface of the
face cam becomes a flat plane, so that further throttle movement does not affect
servo plunger, and the spring reference point becomes fixed. After this point,
advance action is regulated by transfer pump pressure, as was discussed earlier.

® The housing pressure cold advance solenoid is one of the three solenoids which
affects the injection pump's operation.. The HPCA solenoid makes it easier to
start the vehicle in cold weather by reducing the housing pressure in the advance
mechanism. The HPCA solenoid is located at the return fitting, under the pump
housing cover. The HPCA solenoid is activated by the coolant temperature switch
which is mounted on the engine. wWhen coolant temperature is low, the solenoid is
energized and the plunger is extended to 1ift the check bal) off its seat. With
the check ball out of place, the housing pressure is reduced to almost zero. With
practically no housing pressure to overcome, the transfer pump pressure behind the
power advance piston can easily advance the cam ring.

The fast idle solenoid increases idle speed when the engine coolant temperature is
below 1250F. This solenoid is mounted outside of the pump on the throttle cable bracket.
The fast idle solenoid is energized by a signal from the coolant temperature switch. When
energized, the solenoid plunger extends and holds the throttle off the low idle stop.

The fuel shut-off solenoid stops the engine by cutting off the fuel flow. It is
located inside the pump housing cover. The fuel shut-off solenoid acts on the governor
linkage hook to rotate the metering valve. when the ignition is turned off, the solenoid is
deenergized and the return spring pulls the solenoid arm to the "OFF" position. The movement
of the arm to the "OFF" position moves the governor linkage hook, rotating the metering valve
to cut off fuel delivery.

The min-max governor (fig 3-18) maintains idle speeds with varying engine leads and
also limits the maximum speed of the engine. The main components of the governor are: the
governor weights, the governor arm, the low idle spring, the idle spring guide, the main
governor spring, the main governor spring guide, and the guide stud.
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Fig 3-18. Distributor fuel injection pump.

The governor weights spin around with the rotation of the drive shaft. Their
centrifugal force controls the metering valve at minimum and maximum engine speeds. At idle
speed, the governor weights exert very little force, so that the spring on the governor keeps
the metering valve almost closed. At high engine rpm, the force of the governor weights moves
a pivot arm, compresses the spring, and rotates the metering valve to an almost closed
position. At intermediate speeds, the vehicle operator directly controls the metering valve
through the throttle. In this case, the force of the governor weights and the min-max spring
tension are balanced, so that neither has the power to control the metering valve.

The pressure regulator protects the transfer pump from being damaged as a result of
excessive output pressure. Pressure can become excessive, either because of increased pump
speeds or because of restrictions in the outflow line. The pressure regulator valve relijeves
this pressure when it reaches a preset limit. Under normal operating conditions, the valve
spring holds the piston forward, blocking the valve's output line. Under this condition, the
valve has no effect on the system. If the output flow from the pump is restricted, out
pressure increases. High pressure fuel pushing on the face of the valve piston compresses the
spring. If the pressure is high enough to overcome the force of the spring, the piston will
be pushed back, uncovering the valve's output line. Fuel is allowed to flow back to the
pump's input side, relieving the output pressure. A viscosity compensating device maintains
the constant pressure of fuel, regardless of variations in fuel viscosity. This device is
incorporated into the design of the pressure regulator mechanism.

When an engine malfunction has been isolated to the fuel injection pump you should
(refer to Appendix III or trouble-shooting guide in the TM) investigate each of the components
of the pump to determine which would most likely cause the symptoms. Check to see if the
head and rotor are seized or binding by rotating the drive shaft. Clean the outside of the
pump, remove the cover, and inspect the inside for contamination such as water, metal
particles, rust, or other fcreigr :1atter. Move the throttle lever back to observe the
comporients of the governor. If these procedures fail to locate the malfunction, the pump will
have to be tested on a test stand. The procedures on the test stand will not be discussed
here because of the necessity of special equipment. For procedures on disassembly and repair
of the injection pump refer to the technical manual.
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EXERCISE:

].

2.

3.

4.

5.

8.

]0.

n.

Answer the following questions and check your responses against those listed at
the end of this study unit.

State the four functions performed by the distributor fuel injection pump on the
M1009 (cCucv).

b.

C.

do 4

Stage wiy arctic diesel fuel must be used when the air temperature is below
-200F,

State the four functions incorporated in the M1009 (CUCV) fuel filter.

b.

c.

d.

State when the fuel heater in the M1009 (CUCV) fuel filter activates.

State why injection pump timing on the M1009 (CUCV) must be done with precision.

State when the injection pump is removed for testing.

State when the automatic advance mechanism should start to work and explain why.

State the two operations of the vent wire assembly in the injection pump on the
M1009 (cucv).

b.

State the two ways the metering valve in the M1009 injection pump operates.

b.

State how fuel is pressurized within the injection pump on the M1009 (cucv).

State the function of the delivery valve.

«~
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12. State how the injection of fuel is advanced for high speed operation.

SUMMARY REVIEW

In this study unit, you learned the types of diesel fuel systems, in particular, the
pressure time, unit injector, and distributor fuel systems. In the next study unit, you will
be introduced to exhaust systems.

Answers to Study Unit #3 Exercises
Work Unit 3-1,

1. To inject the correct amount of fuel into the engine at the proper time
2. a. Meter
b. Time
C. Pressurize
d. Atomize
e. Distribute
f. Control injection
3. Injector or the injector spring
4, a, Common rail
b. Unit injector
¢. Distributor
5. By fuel pressure provided to the injector and the time the fuel inlet orifice s
open to receive fuel
6, a. Meter fuel
b. Time injection
C. Pressurize fuel
d. Atomize fuel in the combustion chamber.
7. a, Turbocharger
b. "ROOTES" type blower

Work Unit 3-2.

By the fuel pressure at the metering orifice and the time the orifice is open
Changing the pressure of the fuel in a line also changes the amount of fuel
delivered.

26 psi to approximately 176 psi

Governor

By use of a plunger and spring which allow the idle port to open allowing enough
fuel to pass, maintaining idle speed

To ¢11ow fuel to circulate through the pump for cooling and lubrication.
Throttle

Camshaft

Fuel shut-down valve

OoO~NN [ X 7] N —
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Work Unit 3-3.

1.

(-] ~ AP wWwnN
. . .

a. Gear pump

b. Strainer

¢c. Injectors

d. Control tube

e. Fuel lines

f. Fuel manifold

g. Restricted fi..ing

To supply the injectors with fuel at low pressure

To meter time, pressurize and atomize fuel into the cylinders

To maintain fuel pressure in the inlet manifold

To maintain fuel flow through the injector for cooling and lubrication
By the movement of the rack which positions the helix controlling the closing of
the upper and lower ports

The distance of the plunger movement after the upper and lower ports are closed,
thereby pressurizing and injecting fuel into the cylinder

a. Adjust the exhaust valve clearance.

b. Adjust the injector timing.

¢. Adjust the governor gap.

d. Position the injector rack control levers.

e. Adjust the high idle no load.

f. Adjust the idle speed.

Work Unit 3-4.

1.

W N
. °

-0 o [ -] ~SNOoOo;S
. » . .

e

-
~N
.

a. Metering

b. Pressurization

¢. Distribution

d. Timing

Because paraffin separates from the fuel below 200F

a. Two-stage pleated paper filter

b. Water separator

C. MWater sensor

d. Fuel heater

When the temperature is below 200F

To attain high efficiency

When all cther causes of the malfunction cutside the pump have been eliminated
During high speed driving to insure the fuel pulse arrives at the cylinder in time
for the compression stroke

3. Removes air from fuel entering the pump

b. Controls the amount of fuel that is returned to the fuel tank

a. By the throttle at intermediate speeds

b. By the governor linkage at minimum and maximum speeds

By the force of the two plungers being pushed together

To help the nozzle to reseat and prevent fuel from dribbling into the
precombustion chamber

By the automatic advance mechanism rotating the cam ring
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STUDY UNIT 4
EXHAUST SYSTCM

STUDY UNIT OBJECTIVE: WITHOUT THE AID CF REFERENCES, YOU WILL IDENTIFY THE
PURPOSE OF AN EXHAUST SYSTEM, HOW TO MINIMIZE EXCESSIVE NOISE, THE MAJOR CAUSE OF
EXHAUST SYSTEM FAILURE, AND HOW COMMON EXHAUST PROBLEMS ARE ALLEVIATED. YOU WILL
ALSO IDENTIFY THE SYMPTOMS OF CARBON MONOXIDE POISONING.

The internal combustion engine produces waste gases and noise. The gases (exhaust)
emitted must be carried past the passenger compartment to ijnsure that the operator and
passengers do not become victums of carbon monoxide poisoning. Excessive noise must he
reduced so the operation of the vehicle can be more pleasant. Therefore, an exhaust system is
incorporated as a component of the internal combustion engine.

Work Unit 4-1. EXHAUST SYSTEM

STATE THE PURPOSE OF THE EXHAUST SYSTEM.

STATE WHY EXHAUST GASES ARE CONSIDEREQO DANGEROUS.

LIST THE SYMPTOMS OF CARBON MONODXIDE POISONING.

STATE HOW THE NOISE OF ENGINE OPERATION IS MINIMIZED.

STATE THE MAJOR CAUSE OF EXHAUST SYSTEM FAILURE.

STATE HOW COMMON PROBLEMS OF EXCESSIVE NOISE AND BACK PRESSURE ARE ALLEVIATED.

The internal combustion engine produces an excessive amount of noise and poisonous

gas. Therefore, an exhaust system must be incorporated with the engine to reduce the noise
and carry the exhaust gases away from t“e operator’s/passenger's compartment. To do this, the
engine (vehicle) must have a manifold, exhaust pipe, catalytic converter (on some vehicles),
muffler, and tailpipe (fig 4-1). Exhaust gases contain carhon monoxide (CO) which is a
deadly, colorless, odorless gas. When CO enters the operator's/passenger's compartment of a
vehicle, it will cause headaches, drowsiness, nausea, and, in increased quantities,

unconsciousness or death. These symptoms make the exhaust system an important component which
must be in serviceable condition at all times.

EXHAUST PIPE

e \ =) TAILPIPE

MUFFLER

Fig 4-1. Typical exhaust system.
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The ourpose of the exhaust manifold s to collect exhsust qases oroduced in the
Cylindars ond direct the 98ses to the exhaust pipe. The exhaust manifold is bolted to the
side of the enqgine (19 4-2). On inline e ines there s one axhaust manifold while on V-8
engines {opposed, V-4, and V-6 als0) there 13 one on each benk (side) of the "v*). o0n "y*
tyoe enqines, 4 cCompletely separate System may be incorporated on each side {bank) or a
Crossover pipe may join the two sides toqether.

A major consideration in the exhaust system design s back pressure. Excessive hack
pressure 1n the eshaust system wil! cause loss of power. Excessive back pressure wil)
noraally ne created whan the nuffler exit is blocked by corrosion causing one or more baffles
10 breax 10030 404 cover the exit. when the wuffler nas leaks or creates excessive back
bressure, the auffier aust de replacad.

Inline V" Type

Fig 4-2. Exhaust manifold.

The e7*.ust pipe conmects the engive manifold with the muffler (or catalytic
converter) to carry soent qQases and noise way from the engine compartment. The taiipipe
continves carrying the geses awsy from the vessenger compartment after the sound is muffled.

A catalvtic converter (fig 4-3) 15 added to vehicles (engines) which use unleaded
gasoline. Basically, o catslytic converter contains chemically treated pellets or honeycomb
to trenslforn nasious enigsions (nvdrocerbons) into less harmless corbon dioxide and water
v300r. The pellets or honeycomd are coated with platinum and rhodium (or paliedium) or with
platinum only. The container is constructed of stainless steel. Honeycomd elements are
wipped 1n 3 stainless stee) sesh. The catalytic converter operates at approx imately
15000F . to reduce the exhaust enissions; therefore, hest shields mus: 8iso be provided.
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STAINLESS STEEL
SHELL

== HONEYCOMB MONOLITH
PLATINUM-RHODIUM COATED

STAINLESS STEEL
MEN

Fig 4-3. Catalytic converter.

It is known that noise is reduced when it strikes a barrier (baffle). With an
internal combustion engine exhaust gases are routed through a muffler (fig 4-4) which
suppresses noise by passing the gases through a series of baffles. The muffler is also
designed to minimize the back pressure produced by the haffles. I[f back pressure is
excessive, some of the burned gases will remain in the cylinder and dilute the incoming
combustible gas. This will reduce engine power and, if great enough, will not allow the
engine to start or run.

Fig 4-4. Types of mufflers.

Mufflers, exhaust pipes, and tailpipes wear out largely due to corrosion. Road
conditions (salt on icy roads), humidity, and riin corrode the outside of these components.
However, the major cause of exhaust system failure is corrosion produced by heat (of the
exhaust gases) and condensation (water) inside the pipes and, particularly, the muffler.
About one gallon of water is formed for every gallon of fuel burned. As the water passes
through the exhaust system, acids are formed and the water quickly corrodes (rusts) the

4-3

70



interior of the system. The corrosion creates holes in the exhaust system which causes the
common problems assoc{ated with the exhaust system, excessive noise and excessive back
pressure. These problems are solved by replacing the bad component or by complete {nstalling
a new exhaust system. Excessive noise caused by leaks in the system and excessive back
pressure caused by corrosion of the baffles in the muffler which blocks the exit to the
tailpipe are only repaired by replacement of the Components. Hangers and supports, mounted on
the frame of the vehicle, will keep the exhaust system {n place and not dragging the ground.

EXERCISE:  Answer the following questions and check your responses against those 1isted at
the end of this study unit.

1. State the purpose of the exhaust system.

2. State why exhaust gases are considered dangerous.

3. List the symptoms of carbon monoxide poisoning.

b.

Ce

d.

4. State how the noise of engine operation is minimized.

5. State the major cause of exhaust system failure.

——t—

6. State how the common problems of excessive noise and back pressure are allevia.cd.

SUMMARY REVIEW

In this study unit you learned how the exhaust system incorporated with an internal
combustion engine reduces noise and carries harmful gases away from the operator's
compartment. The symptoms of carbon monoxide poisoning were also discussed.

Answers to Study Unit #4 Exercises
Work Unit 4-1,

1. To reduce noise and carry the exhaust gases away from the operators/passenger
compartment.

2. Exhaust gas contain carbon monoxide, a colorless, odorless, deadly gas.

3. a. Headache
b. drowsiness
C. nausea
d. unconsciousness
e. death

4. By passing exhaust gas through a series of baffles in the muffler.

5. Corrosion inside the exhaust pipes and particularly the muffler due to heat and
condensation.

6. By replacing the bad components.
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AUTOMOTIVE FUEL AND EXHAUST SYSTEMS
REVIEW LESSON

Instructions: This review lesson is designed to aid you in preparing for your final exam.
You should try to complete this lesson without the aid of reference materials, but if you do
not know an answer, look it up and remember what it is. The enclosed answer sheet must be
filled out according to the instructions on its reverse side and mailed to MCI using the
envelope provided. The questions you miss will be 1isted with references on a feedback sheet
(MCI-R69) which will be mailed to your commanding officer with your final exam. You should
study the reference material for the questions you missed before taking the final exam.

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

Value: 1 point each
1. The three types of fuel used in internal combustion engines are

a. gasoline, diesel, and coal.

b. kerosene, LPG, and coal.

€. natural gas, 1iquid petroleum gas, and fossil fuels.
d. gasoline, diesel, and natural gas.

2. The volitility of a fuel is

a. the ability of fuel to flow.
b. oxidation.

c. the boiling point of fuel.
d. the heat value of fuel.

3. The three stages of normal combustion include formation (nucleus), propagation, and

a. spreading.

b. hatching out.
c. pre-ignition.
d. detonation.

4. An explosion of the fuel-air mixture in the combustion chamber describes

a. detonation.

b. pre-ignition.

¢. normal combustion.

d. propagation of combustion.

5. Detonation may be caused by

a. retarded ignition timing.

b. excessive carbon build up in the combustion chamber.
c. high octane fuel.

d. rich fuel-air mixture.

6. A loss of power in an engine may be caused by
a. normal combustion.
b. detonation of fuel-air mixture.
c. a defective fuel pump.
d. a defective distributor.
7. High valve temperatures or hot spark plugs can cause
a. provagation of flame front.
b. normal combustion.
¢. pre-ignition.
d. 1lean fuel mixture.
8. Pre-ignition may lead to

a. advanced timing of the spark. c. normal combustion.
b. detonation. d. delayed formation of combustion.
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9.

10.

1.

]2.

]3.

14.

15.

16.

17.

18.

Additives, such as tetraethyl lead, in gasoline tend to

a. decrease detonation tendencies.
b. 1increase fuel consumption.

C. decrease fuel consumption.

d. retard {gnition timing.

Automotive engineers have designed engines to use a higher combustion temperature to
reduce exhaust emissions. What type of fuel do these engines use?

a. Methanol C. Leaded gasoline
b. Unleaded gasoline d. Alcohol

Viscosity and cleanliness are two major requirements of diesel fuel. wWhat would be a
third requirement?

a. Octane

b. Volitility

¢. Boiling point

d. Ignition quality

A diesel fuel of good ignition quality will insure that the fuel will

a. ignite spontaneously and burn completely.
b. 1lubricate the precision fitted parts.

C. obtain optimum atomization upon injection.
d. produce paraffin.

The ignition quality of a diesel fuel is identified by its

a. octane rating.
b. cetane rating.
c. 1iso-octane content.
d. naphthalene content.

Why must the viscosity of diesel fuel be considered when determining the type of fuel
to use?

a. To insure the fuel flows freely and lubricates properly

b. To insure the fuel atomizes correctly

c. To insure the fuel flows freely, lubricates the pump and injectors, and atomizes
correctly at the lowest temperature encountered

d. To insure the fuel lubricates and atomizes properly

Two impurities normally filtered out of diesel fuel by the fuel system on a vehicle are

a. water and sediment.
b. sulfur and paraffin.
c. paraffin and carbon.
d. water and paraffin.

Cetane rating of diesel fuel is determined by

a. the percentage of iso-octane content.

b. a comparison with a fue) of known quantities of alpha methyl napthalene.
c. the percentage of naphthalene.

d. the comparison of iso-octane and naphthalene.

Which of the following elements significantly influences carbon and deposit formation
in the combustion chamber of a diesel engine?

a. MWater c. Sulfur
b. Iron d. Carbon

Diesel fuel must be designed for the climatic conditions expected during a field
problem or combat. Which type of diesel fuel would you use if you were to operate
vehicles in Korea during the winter and expect temperatures from -30° to -100 F?

a. DF1 c. OF 2
b. CF A d. 92 Octane rating
R-2
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19. The purpose of the fuel system on an internal combustion engine is to provide the
engine with

a. enough fuel. ¢. water for cooling.
b. air at the proper rate. d. a combustible mixture of fuel and air.

20. The components of a fuel system include a fuel tank, carburetor, filter, and

a. intake manifold. c. fignition system.
b. exhaust system. d. cooling system.

21. The purpose of a carburetor is to
a. meter and vaporize fuel in the intake manifold.
b. meter and distribute fuel to the cylinders.
c. meter and atomize fuel with air in proper proportions.
d. vaporize and distribute fuel into the intake.
22. Fuel is brought into the air flow through the high speed circuit by the

a. accelerator pump. ¢. choke.
b. venturi action of the air flow. d. fuel pump.

23. A carburetor consists of five circuits and a throttle valve. The five circuits are
the choke, float bowl, high speed, » and circuits.

a. medium speed, low speed
b. fuel pump, venturi

¢. low speed, accelerator
d. venturi, accelerator

24. The low speed circuit routes air from the air horn past a siphon in the float bowl to
a point below the throttle valve. This will provide

a. a combustionable mixture for low speed operation.

b. a combustionable mixture for medium speed operation.

c. the engine with fuel at all speeds.

d. the venturi action needed to pull fuel into the air stream at high speeds.

25. The low speed circuit adjustment screw at the lower portion of the carburetor
controls the

a. engine speed. ¢. idle mixture.
b. idle speed. d. venturi action.

26. Where is a reservoir of fuel maintained in the carburetor?

a. In the float circuit (bowl) ¢. in the choke circuit
b. In the fuel pump d. In the venturi

27. The choke is a device which

a. allows the engine to run at high speeds.

b. allows the engine to run at low speeds.

c. aids in starting an engine when it i< cold.

d. aids in leaning the fuel-air mixture when the engine is cold.

28. An automatic ch..e senses the heat in the engine and automatically unriches the
fuel-air mixture. wWhat type of choke is applied by the operatur?

a. Vacuum ¢. Thermostatic coil
b. Manual d. Exhaust heat valve

29. Excessively choking a gaso!i 2 enginz causes carbon buildup on spark plugs and in the
combustion chamber. What would immediately indicate that the choke has failed to
open?

a. High engine temperature ard lack of fuel

b. B8lack smoke in the exhaust and high engine temperature
c. Increased gas consumption and flooding

d. Flooding and lack of fuel
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30. During normal operation of a vehicle (warm engine) the choke valve is

a. closed. c. partially open.
b. partially closed. d. open.

31. When the choke is closed, raw fuel is pulled through the

a. tow speed circuit. c. float circuit.
b. accelerator circuit. d. high speed circuit.

32. An offset choke valve {plate) allows the immediate leaning of the fuel/air r xture
when a cold engine starts. By what other method is this accomplished?

a. By closing the choke

b. By a poppet valve in the choke plate
c. By pressing the accelerator pedal

d. By closing the idle mixture valve

33. The fuel-air mixture, upon leaving the carburetor, travels through

the which furthers the vaporization process and connects t. the
cylinders.

a. venturi c. exhaust manifold

b. manifold heat valve d. intake manifold

34. On in-line engines, heat is applied to the fuel-air mixture to aid in vaporization bv

a. mounting the carburetor on the exhaust manifold.

b. mounting the intake manifold on the exhaust manifold.

c. incorporating a heat passage (crossover) in the intake manifold.
d. routing a coolant hose near the carburetor.

35. Why is heat applied to the fuel-air mixture?
a. To aid in the metering of fuel
b. To prevent ice from forming in the carburetor
c. To aid in the vaporization process
d. To prevent vapor lock
36. The main reason for unequal fuel distribution is inefficient

a. fuel vaporization. c. cooling system.
b. heat control valve. d. carburetion.

37. The four types of air filters are: oil bath, oil wetted mesh, paper element, and

a. polypropalene. c. polysaturated.
b. polyurethane. d. oil saturated pager.

38. Dust particles ertering the engine's intake are removed by

a. operating the engine with the hood closed.

b. the oil filter.

c. the air Filter.

d. moving the vehicle to a les dusty condition.

39. The air entering an engine must be clean or will result.
a. excessive filtration c. a lean fuel-air mixture
b. excessive wear d. a dirty carburetor

40. The preferred method of servicing a paper element {dry) air filter is to
a. blow the dirt out from the inside of the element with air.
b. tap the element on a hard surface.
c. replace the element.
d. wash the element in solvent.
41. The most efficient air filter is the

a. oil bath. C. paper element (dry).
b. oil wetted mesh. d. polyurethane.
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42.

43.

44,

45.

46.

47.

48.

49.

50.

5].

A fuel pump supplies fuel to the

a. engine. c. fuel tank.
b. carburetor. d. cylinders.

Two types of fuel pumps are

a. positive displacement and suction.

b. nonpositive displacement and pushing.
c. mechanical and electrical.

d. mechanical and positive displacement.

A fuel pump is considered to be good if the minimum pressure is at Jeast

a. 5 psi. c. 5 kpm.
b. 8 psi. d. 8 kpm.

To satisfy fuel demands for all operating occasions a fuel pump must deliver about

a. one quart of fuel per hour.
b. one pint of fuel per minute.
C. one quart of fuel per minute.
d. one gallon of fuel per minute.

Electric fuel pumps have several advantages. They include: several pumps may be
used, fue! does not pulsate, reduced tendency for vapor lock, and

a. fuel is supplied when the starter is activated.
b. fuel is supplied when the switch is turned on.
C. the pump does not become defective.
d. the pumping action does not spurt.

To check the delivery volume of a fuel pump, you would disconnect the fuel 1ine at
the and

a. fuel pump, observe the pressure.

b. fuel pump, observe the vacuum gauge.

¢. carburetor, observe the pressure.

d. carburetor, observe tiie quantity delivered.

The purjose of a diesel fuel injection system is to inject the correct amount of fuel
into the combustion chamber at

a&. the proper instant. C. a synchronized pressure.
b. a predesignated pressure. d. the anachronous moment.

A diesel fuel system must perform several functions for the engine to run
efficiently. They include the distrihution, atomization, pressurization,
timing, s 3nd of fuel.

a. compression, vaporization

b. mete. :ng, controilled injection
C. viscosity, injecticn

d. 1injection, vaporization

In a diesel fuel injection system, pressurization and atomization are controlled by
the

a. fuel pump of filter. C. pressure regulator.
b. governor. d. 1injector or injector spring.
The three types of diesel fue) injection systems used on motor transport vehicles are
the distributor, unit injector, and systems.
a. pump ~ontrolled (Jjerk) c. Roosa Master
b. common rail d. electronic
R-5
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52.

53.

54,

55,

56,

57.

58.

59.

60.

61,

anooToe

The MB09 and M939 vehicles use a Cummins (common rail) fuel system. How is the fuel
metered in these vehicles?

a. By the pressure regulator

b. By the governor

c. By the fuel pressure at the fuel inlet orifice and the time the inlet orifice is
open

d. By the distance the injector plunger moves to receive fuel

A unit injector on a Detroit diesel engine has five functions. These include timing
injection, pressurizing fuel, atomizing fuel, controling injection, and

a. distributing fuel to cylinders, ¢. metering fuel.
b. regulating fuel pressure. d. regulating return fuel.

Some military vehicles use a supercharger. One type is a positive dispiacement
"Rootes" blower while another is a(n)

a. electric fan, c. naturally aspirated blower.
b. exhaust powered turbocharger. d. venturi,

In the PT Fuel system, fuel is metered by the

a. pressure of fuel at the metering orifice and the time the orifice is open.

b. regulated fuel pressure and the governor.

¢c. fuel metering valve.

d. pressure regulator at the plunger inlet.

The principle of the PT fuel system is that by changing the pressure in a fuel line
the also changes.

a. timing of injection

b. rate of atomization

c. amount of fuel delivered

d. time the metering orifice is open

The PTG fuel pump operates between

26 and 100 psi.
26 and about 176 psi.
30 and about 150 psi.
30 and 200 psi.

Fuel flow of the PT system at low idle and at high idle is controlled by the

pressure regulator.
delivery valve,
governor,

throttle.

anooTo

A :p;ing and plunger in the governor assembly controls fuel flow through a port at 26
psi for

a. intermediate speeds. ¢. high idle.
b. low idle. d. low idle and high idle.

In a PTG fuel pump bypass fuel provides

a. fuel through the injectors. c. lubrication of the injectors,
b. fuel for intermediate speeds. d. cooling and lubiication of the pump.

In a PTG fuel pump the fuel pressure (flow) between idle and maximum speeds is
controlled by the

pressure reyulator.
throttle.

governor,

idle port.

anoooe



62.

63.

64.

65.

66.

67.

68.

69.

70.

The opening of the inlet port 1a the PT-D fuel injector is controlled by

a. fuel pressure.

b. governor action.

c. the camshaft.

d. the position of the throttle.

Which of the following components :1lows fuel pressure to build in the PTG fuel pump
and also permits fuel to flow to :he in actors?

a. Fuel shutdown valve
b. Governor

c. Transfer pump

d. Pressure regulator

The components of a unit injector fuel system include a gear type fuel pump, unit
injectors,

a. distributor head, and pressure relief valve,
b. control tube, and PT-D injecter nozzle.

c. control tube, and restricted fitting.

d. restricted fitting, and high pressure lines.

The gear type pump on a Detroit diesel engine supplies fuel to the injectors
at pressure.

a. high c. varfable
b. low d. moderate

A unit injector performs five functions. They are the atomization of fuel,
pressurization, timing of injection,

8. supplying fuel, and control of injection.

b. distribution, and metering of fuel.

c. controlling injection, and distribution of fuel.
d. metering fuel, and controlling injection.

The restricted fitting in the fuel return line of a unit injector fuel system
maintains

a. fuel pressure in the inlet manifold.

b. fuel in the return 1ine to the tank.

c. fuel pressure in the return line to the tank.
d. high pressure throughout the fuel system.

The fuel pump incorporated with the unit injector fuel system provides an excessive
amount of fuel for

a. metering and the return fuel.

b. cooling and lubricating the unit injector.

c. cooling the fuel pump.

d. maintaining an adequate level of fuel in the tank.

The control tube on an engine with the unit injector fuel system is operated by the
governor. Movement of the rack .

a. controls maximum engine speed.
b. controls minimum engine speed.
c. meters fuel according to load.
d. varies the amount of fuel supplied by the pump.

in a unit injector, the distance the plunger moves aftar the upper and jower ports
are closed by the position of the helix is

a. the effective stroke.

b. varied by the return fuel.
c. governed by the fuel pump.
d. the maximum stroke.
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72.

73.

74.

75.

76.

77.

78.

79.

When tuning a unit injector fuel system, positioning the injector rack control levers
is done after adjusting the

a. high idle no load.

b. idle speed, and "igh idle no load.

c. fuel pump pressuce.

d. exhaust valve clearance, injector timing, and governor gap.

The fuel injection pump on the M1009 (CUCV) meters, pressurizes, distributes,
and the fuel.

a. times c. f1injects
b. atomizes d. controls the pressure of

Paraffin formation in diesel fuel is critical to the operatior. of the M 1009 (cucv).
At what temperature does paraffin begin to form?

a. 300F c. 200F
b. 100F d. 00F

The fuel filter on the M1009 (CUCV) incorporates a two-stage pleated paper filter,
water separator,

a. fuel heater, and water sensor.

b. fuel heater, and filter sock.

C. water sensor, and pressure regulator.
d. pressure regulator, and fuel bypass.

At what point when trouble-shooting the M1009 (CUCV) fuel system do you remove the
injector pump for testing?t

a. When the malfunction first indicates the injection pump or other fuel system
components

b. When the cause is in the fuel system

c. After all other causes of the malfunction have been eliminated

d. After the cause indicates a problem othar than in the fuel pump

The automatic advance mechanism insures that the fuel pulse arrives at the cylinder
during

a. low speeds. €. the start up of the engine.
b. 1intermediate speeds. d. high speeds.

The vent wire assembly in the M1009 (CUCV) injection pump removes air from the fuel
and

a. controls the amount of return fuel.
b. controls the amount of bypass fuel.
c. allows air to cool the injection pump.
d. allows fuel to enter the transfer pump.

The metering valve in the distributor injection pump receives fuel by the

a. fuel shutdown valve and the transfer pump.

b. advance mechanism and the vent wire assembly.

C. throttle at intermediate speeds and the governor at minimum or maximum speeds.
d. transfer pump and discharge plungers.

The plungers and cam ring act together to
a. pressurize the fuel for delivery to the injectors.
b. meter the fuel.

c. aid the discharge valve to retain residual pressure in the high pressure line.
d. aid the transfer pump intake of fuel.
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80. Aiding the nozzle plunger to reseat, which prevents fuel from dribbling into the
precombustion chamber, is a function of the

a. vent wire assembly.

b. metering valve.

c. cam ring and plungers.
d. delivery valve.

81. Timing the injection of fuel for high speed operation is advar by the

a. governor acting on the pressure valve,
b. advance mechani.m rotating the cam ring.
c. throttle increasing the metered fuel.
d. governor restricting the bypass fuel.

82. The reduction of noise is one purpose of an exhaust system. Another purpose would be

a. carry exhaust gas away from the operator/passenger compartment.
b. reduce emissions.

€. recirculate exhaust gases to the engine.

d. reduce exhaust back pressure.

83. Why is exhaust gas from an internal conbustion engine considered dangerous?

a. Because exhaust gas contains volatile hydrocarbons

b. Because the exhaust of an engine contains carbon dioxide at a deadly level

C. Because the gas contains carbon monoxide, a colorless, odorless, deadly gas

d. Because a catalytic converter must be used to reduce the deadly properties
contained in the exhaust gas

84. A result of carbon monoxide poisoning can be death. Symptoms include
unconsciousness, drowsiness, headaches, and

a. a period of blackouts.
b. sleepiness.

c. fatigue.

d. nausea.

85. The noise produced by an internal combustion engine is reduced by

a. the catalytic converter.

b. passing the exhaust through a series of baffles in the muffier.
€. the distance to the end of the tailpipe.

d. allowing the exhaust to recirculate through the enginrn.

86. Exhaust system failure is caused chiefly by

a. external damage to the sy-' 1.

b. improper repair of malfun ns,

€. corrosions produced by hea. and condensation.

d. external corrosion produced by constant contact with salts distriouted on roads
to melt ice.

87. Common problems of excessive noise, back pressure, or carbon monoxide in the
passenger's compartment may be corrected by

a. replacing the bad components.

b. repairing the holes in the system.

C. tuning the engine.

d. not operating the vehicle on icy roads.
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APPENDIX 1
TROUBLE-SHODTING FUEL SYSTEM (M939)
ENGINE WILL NOT CRANK

Step 1. Check for mechanical or hydraulic seizure. Remove fuel injectors fbr crankshaft
rotation test.

a. Try to rotate crankshaft manually using engine barring tool.
b. If crankshaft will not rotate, go to step 2.

c. [If crankshaft rotates and liquid is discharged, check if liquid is coolant or
fuel.

d. If liquid is coolant, replace cylinder heads.
e. If liquid is fuel, replace fuel injectors.
Step 2. Eng‘ne must be inspected for extent of internal damage.
Renlace engine.
ENGINE CRANKS, FAILS TO START
Step 1. Check for defective fuel shutoff valve.
Remove, inspect, and replace, if necessary, with new fuel shutoff valve.
Step 2. Check for broken fuel supply pump drive shaft.

a. Remove tachometer cable from fuel pump; crank engine and ohserve if drive
shaft end in pump housing is rotating.

b. If drive shaft does not rotate, replace fuel pump.
Step 3. Check for incorrect fuel injector and valve adjustments.
Step 4. Check for possible dirty or damaged fuel injectors.
Remove, inspect, and replace if necessary with new fuel injectors.
Step 5. Adjust valve and injector clearances.
Step 6. Replace fuel pump.
ENGINE IOLE-ROUGH, ERRATIC
Check for incorrect injector and valve adjustments.
Adjust injector and/or valves.
Replace injectors.
If rough idle continues, rerlace fuel pump.
EXCESSIVE FUEL CONSJUMPTION
Adjust injector.
Replace fuel injectors.
EXCCSSIVE EXHAUST SMOKE AT IDLE AND UNDER LOAD
Step 1. Check for incorrect fuel injector and valve.
Adjust if necessary.

Step 2. Check for possible dirty or damaged fuel injectors. Remove, inspect, and replace,
if necessary, with new fuel injectors.
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Step 3. Replace fuel pump.
If malfunction is not corrected, go to step 4.
Step 4. Check cylinder heads.
a. Remove cylinder heads and check for:
1) Cylinder head warp.
2) Faulty gaskets.
3) Burned valves.
b. While cylinder heads are removed, check cylinder 1iners and pistons for:
1) Worn or scored cylinder liners.
2) Broken piston rings.
6. ENGINE FAILS TO STOP
Step 1. Check fuel shutoff valve and solenoid.
Step 2. Replace defective fuel shutoff valve.
7. ENGINE MISSES
Step 1. Check fuel injectors (see malfunction 5).
If malfunction is not corrected, go to stap 2.
Step 2. Check for improper valve seating, burnt valves.
8. LOWER POWER-LOSS OF POWER
Step 1. Check for incorrect fuel injector and vaive adjustments, adjust if necessary.
Step 2. Check fuel injectors (see malfunction 4),
If maifunction is not corrected, go to step 3.
Step 3. Replace fuel pump with calibrated replacement unit.
If malfunction is not corrected, go to step 4.
Step 4. Ck-:k cylinder heads {sea malfunction 5, step 4).
9. ENGINE OVEF .>tEDS
Replace fuel pump with calibrated replacement unit.
10. ENGINE LUBRICATING OIL DILUTEC BY FUEL
See mz1funciion 5.
11. ENGINE FUEL KNOCKS
Step 1. Check valve and injector timing.
Step 2. 'See malfunction 4.
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TAUALE - SHOOTING DETROLT PIESFL -0 3YSTEM

EwGing wity wot dofafe

“tep 1,

itey O,

tep 3.

termie. shaat starter,

Merd cva e enging At 1east ore omolete revolution. Cautfon: dAhen using & wranch
ga the  anaghaft bolt at the front of the enqine, do not turn The cronEsio" Tn s
%wn!_m 1.: kel 6 7alql fon hecause The BOTL wilY be Toosened, T engine cannot be

Cated thrnugh A am1¥a rovat.TTon, Tnterns damage s Tndicated and engine
st Be disagteviag Lo estertela caunte of binding,

1emove fue! injectors. Turn m?un over saveral times o di1solace Viquid from
tvlinders theough injactor openings. Remove hand hole covers, clean air box and
detersing type of 1iquid, cousing condition. Replace hand hole covers and fuel
irjectors. Stert ¥nqine. If engine cannot de rotated freely, Internal demage s
indicated. Disessemdie engine and revlace dameged parts.

wD STANTING

$tep 1,

Step 2,

Steo ),
Step 4,
Steo .,
Steo .
Step 1.

Sartara tue) flow test, If sir i3 oresent with all fuai lines end connections
ssemled correctly, reolace faulty Injectors.

Serfare fye) flow test, (F fue!l flow tg inadequate, clesan, inspect, repalr, or
reolace valve seat assemdly.

ool ace qeor and snaft sssemnly or fuel pum hous ing.

Check condition of fue! pump drive and dlower drive and replace defective parts.
Repatr fuel filter or strainer,

Revair defective or demeged fuel noses and fued Injector pipes.

12s0ect for DINGING of govwrnor to injector )inkage thit wil) prevent qovernor

from positioning Injector racks fnto FULL FUSL positisn. Remove any bind found
o resdjust governor nd injactor controly,

JULVEN RUMRING OR FREQUENT STALL ING

Step 1,

teo 2,

Steo ).
Sten 4,
te0 9.
LAk of
Sten 1,

Sted 2.

Steo ).

Step 4.

Troahle-shoot conling systom,

Oneck engine fuel 10111 Dack and 1f return iy less then 0.8 per gallon per minute,
refev to trowole-shooting fuel system,

Oneck injector timing end setting of race. Remove end replece faulty injectors.
Ot compression. If low, replace engine or rebuilld.

(heck for governor instabiiity and edjust governor,

POMER

I€arrect setting of governor 340, Injector rack, injector haight, or valve
cledrance will retuit in lack of power. Enging should de odjusted according to
oropriste test and odjustaent procedure. Check engine gesr train tmn?.
Isproperly tise gesr train tising, Inproceriy tined gear train will result in
loss of power due to valves and injectors being actuated at the wrong time in the
engine’s apereting cycle.

Perforn engine fuel flow tast. If less then 0.8 gallons per minute s returning
W0 the fuel tank, troudle-shoot fuel systes.

insoect ond Clean Cylinder sleeve ports through hand wle covers in cylinder
olocc. Onech Dlower for obstructioas or denage. Clean, repair, or replace faulty
rLs.

Oven. . for low compression,
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Steap 5. Trouble-shoot fue) system.

Step 6. Chack ambient air temperature. Power decrease of 0.15 to 0.5 horsepower per
cylinder for each 109F, temparature rise above 900F will nccur.

Step 7. Trouble-shuot turbocharger,
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APPENDIX I
TROUBLE~SHOOTING 6.2 LITER FUEL SYSTEM (M1008)
BLEED AIR FROM FUEL SYSTEM
Step 1. Open plug on top of fuel filter.

Step 2. Crank engine for 10 seconds at a time or until fuel flows continually from plug
outlet.

Step 3. Close plug on top of fuel filter.
Step 4. Crank engine for 10 seconds at a time until engine starts.

Step 5. If engine will not continue to run, repeat steps 1 through 3 until engine idles
and runs properly.

ENGINE CRANKS, BUT WILL NOT START
Step 1. Check to see if there is fuel in tank.
Refuel if necessary.
Step 2. Check starting procedures.
Correct starting procedures are in TM 9-2320-289-10.
Step 3. Check glow plugs.
Replace if necessary.
Step 4. Check glow plug control system.
Replace if necessary.

Step 5. Check for fuel to injector pump.

Caution: Direct fuel spray away from source of ignition.
Step 6. Check for restricted fuel filter.
Replace if necessary.
Step 7. Check fuel pump operation.
If no fuel flows, replace fuel pump.
Step 8, Check for plugged or crimped fuel lines,
Clear restriction in fizel lines.
Step 9. Check for contaminated or incorrect fuel.
Remove fuel tank and replace fuel as necessary.
Note: If STE/ICE {s available, perform NG 30- engine crank-no start. (See TM
9-2320-289-20)
Step 10. Inspect injector pump for malfunction.
Remove injector pump for repair,
ENGINE STARTS, BUT WILL NOT CONTINUE TO RUN AT IDLE.
Step 1. Check for plugs, crimps and leaks in éuel 1ines.

Check restriction in fuel return lines and repair leaks.
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Step 2. Check glow plugs ooeration.
Replace glow plugs or controller as necessary.

Step 3. Check operation of injector pump.
Report to DS maintenance.

Step 4. Check for contaminated or incorrect fuel.
Remove fuel tank and replace fuel as necessary.

Step 5. Check operation of fuel pump.
Replace if necessary.

4. ENGINE STARTS, IDLES ROUGH (WITHOUT ABNORMAL NOISE OR SMOXE)

Step 1. Check operation of injector pump.
Report to DS maintenance.

Step 2. Check fuel lines for plugs, crimps, and leaks.
Clear restriction in fuel lines and repair leaks.

Step 3. Check for air fuel system.
Install clear plastic tubing on fuel return line from engine. If bubbles appear
in tubing when engine is cranking or running, this indicates an air leak. Locate
and repair leak.

Step 4. Check for incorrect or contaminated fuel.
Remove fuel tank and replace fuel as necessary.

Step 5. Inspect for injection nozz'e(s) malfunction. Famove and replace as necessary.

5. ENGINE COLD-STARTS AND IDLES ROUGH WITH EXCESSIVE NOISE AND/OR SMOKE, BUT CLEARS UP AFTER
WARM UP

Step 1. Check break-in mileage.
Break in engine at 2000 miles (2200 km) or more.
Step 2. Check for inoperative glo:: plugs.
Replace glow plugs as necessary.
Step 3. Check for injector nozzle(s) malfunction.
6. ENGINE WILL NOT RETURN TO IOLE
Step 1. Check external linkage for damage.
Step 2. Check injection pump for internal damage.
7. FUEL LEAKS ON GROUND - NO ENGINE MALFUNCTIONS
Step 1. InSpect for 1oose or broken fuel line or connection. Examine corplete fue)
system, including fuel tank, fuel pump and injector lines. Determine source and
cause of leak.
Repair leak.
Step 2. Inspect injector pump internal seal.

Remove injector pump for repair,




8. NOTICEABLE LOSS OF POWER
Step 1. Check air cleaner element and polywrap.

Remove and install new air cleaner or service as necessary. (Refer to TM
9-2320-289-10.)

Step 2. Check for plugged fuel filter.
Install new fuel filter as necessary.

Step 3. Check for plugged fuel tank vacuum vent in fuel cap. Remove fuel cap.
If loud "hissing" sound is heard, vent is plugged (slight hissing sound is normal).
Replace as necessary.

Step 4. Check for plugged fuel system from fuel tank to injector pump.
Flush out fuel line from tank to injector pump as necessary.

Step 5. Check for pinched fuel lines in system.
Replace as necessary.

Step 6. Check for incorrect or contaminated fuel.
Remove fuel tank and replace fuel as necessary.

Step 7. Check for external compression leaks.

Apply "Leak-Tec" to all nozzles and glow plugs. If leaks appear, tighten nozzle
or glow plug.

Step 8 Check for damaged exhaust system.
Repair or replace as necessary
Step 9. Inspect for compression leaks at all nozzles and glow plugs.
If leak is found, tighten nozzle or glow plug.
Step 10. Remove nozzles and check for p]ugging.
Repair or replace.
9. NOISE--"RAP" FROM ONE OR MORE CYLINDERS (SOUNDS LIKE CONNECTING ROD BEARING KNOCK)

Step 1. Inspect for nozzle(s) sticking open or with very low nozzle opening pressure.
Remove nozzle for test and replace as necessary.

10. EXCESSIVE BLACK SMOKE AND/OR QBJECTIONABLE OVERALL COMBUSTION NOISE
Step 1. Inspect injector pump for internal praoblem.
Remove injector pump for repair.
11, ENGINE WILL NOT SHUT OFF USING KEY

Step 1. Check operation of fuel shut down valve. Repair as necessary.
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