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INFORMATION
FOR

MCI STUDENTS

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

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

1. WATERIALS

Check your course materials. You should have all the materfals listed in
the “Course Introduction.” In addition you should have enough envelopes to
mail all lessons back to MCl unless {:ur lesson answer sheets are of the
self-mailing type. If your answer sheets are of the preprinted type, check to
see that your name, rank, and social security number are correct. Check
closely, your MC1 recorsds 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 zheet. If you find a
discrepancy and correct it, ensure that you correct this information on all
your answor sheets. If you did not receive all your materials, use the
enclosed Student Request/Inquiry (MCI-R14_) to notify MCI of this fact and
uhatstyou)require. ?Note: The MCI-RI4__ may be mailed to MCI without envelope
or stamp).

2. LESSON SUBMISSION

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

DOE, John J. Sgt 332-11-9999

44.1, Procedures of Legal Administration

Lesson 3

Mi11tary or office address
(RUC pymber, if available)

Otherwise, your answer sheet may be delayed or lost. If you have to
interrupt your studies for any reason, contact your training NCO who will
request & single six month extension of time, which is added to the origtnal
Course Completion Deadline (CCD) date. If you are not attached to a Marine
Corps unit you may make this request by submitting the enclosed MCI-R14_, or




by calling the Registrar Division on AUTOVON 288-4175/2299/6293 or commercial
(202} 433-5174/2299/2691. You are allowed one year from the date of
enroliment to complete this course. Your commanding officer 1S notified of
your status through the monthly Unit Activity Report. In the event of
difficulty, contact your training NCO or MCI immediately.

3. ENROLLMENT/MAIL TIME DELAY

Presented below are the Enroliment /Mail Time delays. Column 1 represents
the First Class mail time from MC1 to the designated geographical location or
from your location to MC1. All correspondence is sent via First Class mail.
Course materfals are sent via Special Fourth Class Book Rate.) You should add
five working days for our processing. Example: Eastern U.S. - 3 days mailing
time to MCI1 + 5 working days MC1 processing + 3 days mailing time back to the
unit = 11 days. Column 11 represents Regular Mail from the time when the
enroliment application 43 mailed until the unit receives the course.

Example: Eastern U.S. - Enroliment application 3 days mailing time to MCI + §
working days MCI processing + & days mailing time to the unit = 14 days.

GEOGRAPL: ¢ AREA COLUMN 1 COLUMN 2
EASTERN U.S. 3 14
WESTERN U.S. 4 19
FPO NEW YORK 5 21
DEPT. OF STATE MARINE 7 24
SECURITY GUARD

HANAI1 (NON-FPO) S 12
FPO SAN FRANCISCO 7 27
FPO SEATTLE 6 23

Note: These times represent the service standard. The actual times may
vary. If the delay you sre experiencing 1S excessive, please contact the MCI
Registrar by phone, message, or letter, so that we may take action.

4. GRADING SYSTEM

LESSONS EXAMS
GRADE PERCENT MEANING GRADE PERCENT
A 94-100 veees EXCELLENT eee=e A 94-100
) 86-93 ee=-= ABOVE AVERAGE <~---- B $6-93
c 18-85 ~=e=s AVERAGE weeee 18-85
D 70-77 = =e=e- BELOW AVERAGE =----- D 65-77
NL BELOW 70 =eee= FAILING e F BELOW 65
9 0




You will recefve a percentage grade for your lessons and for the final
examination, along with & reference cheet (MCI R69), indicating the questions
incorrectly answered. All lessons must be COMPLETEO AND PASSEO before you
will be ad:inistered an exam. The grade attained on the final exam is your
course grade,

5. FINAL EXAMINATION

ACTIVE DUTY PERSONNEL: When you submit your LAST LESSON, your exam will
be nailed automatically to your commanding officer. The administration of MCI
final examinations must be supervised by a commissioned or werrant officer, or

a staff NCO (equivalent or higher), and it must be validated by the
administrator.

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

6. COMPLETICN CERTIFICATE

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

7. RESERVE RETIREMENT CREOITS

Reserve retirement credits are awarded to inactive duty personnel! only.
Credits awarded for each course are 1isted in the “Course Introduction” and
are only awarded upon successful completion of the course. Reserve retirement
credits are not awarded for MC1 study performed during drill periods if
credits are also awarded for drill attendance.

8, OISENROLLMENT

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

9. ASSISTANCE

Consult your training NCO in the event of course content problems. If he
1s unable to assist you, MC1 is ready to help you whenever you need 1t.
Please use the enclosed Student Course Content Assistance Request (T&E-1) or
“R the Agovon telephone number 1isted below for the appropriate course
writer section.

PERSONNEL /ADMINISTRATION/LOGISTICS/CORRECTIONS 288-3259
COMMUNICATIONS/ELECTRONICS/AVIATION/NSC 268-3604
INFANTRY 288-3611
ENGINEER/MOTOR TRANSPORT/UTILITIES 288-22715
SUPPLY/FO00 SERVICES/FISCAL 288.228%
TANKS/ARTILLERY/SMALL ARMS REPAIR/AAV 288-2290
For administrative problems call the MCI Hotline: 288-4175

For ~ommercial phone 1ines, use ares code 202 and prefix 433 instead of
288.
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10. STUDY HDITS

By saroiling o this course. you have
shown @ desire to Iimprove the skills yeu
seed for effective job performance. and
MC1 has provided materials to help you
othigve ywy goal. Now all you s
to dewelop your own methed for using
theoe Materials to best advantage,

The following guidelines present e jour-

peri approsch to completing yeur MCI
courss sucosssiully:

@ Make o ‘‘reconnaissance* of
your materials;

@ Plan yeur study time asd choose
& good study envircament;

@ Svudy thoroughly end vystem-
sticelly;

@ Prepare for the finsl exam.

8, MAKE A *RECONNAISSARCE’ OF
YOUR MATERIALS

Bogin with o lock at the ecurse
fatreduction page, Read thi COURNSE
INTRODUCTION to get the *%ig
picture’’ of the course. Then read the
MATERLALS ssction pear the bottom of
the page to find nut which text(sy snd
stedy aids you should have received with
the course. U any of the lisied materiils
are missing, ses paragraph 3 of this
pamphie! to find out how to get them, . §f
you have averything that 1s listed, you
are ready to ‘vecomaciter’ yowr 24C3
STrds.

Read through the table(s) of conten:s
of your text(s). Note the various subjects
oovered fa the couree and the odsr in
which they are taught. Leaf through the
wntis) and look at the fllustrations,

Read @ fow losson questions to get an

idea of the types that are asked, U

MCI provides other study aids, such as

e siiie rule or o plotting board, familiarize
youreelf with them, MNow, get down to
specificst

MO=C6 <UC=in

% PLAN YOUR 3TUDY TIME AND CHOOSE
4 GOOD STUDY ENVIRONMENT

From looking over the course Materiale,

y61 should have some idee of how owoh stedy

you vill aeed to complete this course., But
“gsome {den’’ Is not encugh. You need to
work up & personal study plan; the following
sleps should give you scme belp.

(@ Oet ¢ calendar and marh those days
of the week When you have time free for atedy,
Two study periode per week, oach lasting 1
to 3 hours, are suggested for completing the
minimem (wo lessons required sach month
by MCL. Of course, work and other schedules
are pot the same for everyons, The impor-
tant thing is that you scheduls o reguler time
for study on the same days of sach Week,

+ ‘The section marked ORDER OF
STUDIES tells you the samber of lessons in
the couree and the approximeate anmber of
otudy hours e will ased to completr aach
lesoon. the ; 0

For mample, if you et two
*hour study pericds each weck and the ORDER
OF STUDIES estitmates 2 study hours for
your first lsssca, you could saatly echedule
and complete the firet lesson in cne study
period, On your calendar you would mark
“Leeson 1‘’ on the appropriate day. Suppoas
that the second lesson of your ceurse requires
3 study hours. In that eaee, you would divide
the leseon in half and ‘work on sach half
curing & separete study period, You would
mark your calendar accordingly. Indicate o0
your ca'endar enactly when you plan to work
on aach leason for the entire course, Do sot
forget to schedule cae or two study perieds
to prepare for the final ezam,




® stick to your schedule,

Besidss planning your study time, you
should slso choose & stady anvironment that
ts right for you, Most people need o quiet
place for study, like o Library or & reading
lounge; other prople study better where
there s bacliground musie; still others prefer

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

study environment carefully eo that it fite
your individual needs,

¢. STUDY THORODGHLY AND
SYSTEMATICALLY

Armed with & workabls schedule and
sltusted in @ good study eavironmeal, you
are now ready to attack your course, lesson
by lssson. Yeu will find your first etudy
assignmeht and your first written assignment
on page 1 of lasson 1. On this page you will
also find the lesson ohjective, & statement
of what you ghould be able to do afler com-

platiag the sseignments.

DO NOT begin by reading the lesson
questions and flipping through the text for
answers, If you do 6o, you wili prepare
to fail, not pass, the final exam. Instead,
proceed as follows:

@ Rosd the study assignments care-
fully. Make notes o the idaas you (eef are
{mportant and mark any portion you have
difficulty understandl g,

@ Reresd 1o portions you marked
tastep ()  When you have mastered
the study assignment, atart to work on
the writiec assignment,

@ Reusd each question fa the written
assignment carefully.

@ Answer sit questions that you sre
sure of end leave the others blank.

® Reread the portions of the study
ssslgament that axplein the {tems you lefy
blank,

Complate the written assignment and
it to MCT tor grading,

@ Go on to the next lesson,

Follovr the same procedure for aath
lesson of the course, I you have problems
with the text or lssson questions that you
cannot solve o your Own, ask your sectios
OIC or RCOIC for help. U he cannot ald
you, request sssistance from MCl on the
MC1 Student Course Content Assistance

Request included in this pamphlet,

When you have passed the final lssson,
the fina] exam will be sent to your training
officar or NCO,

4, PHEPARE FOR THE FINAL EXAM

Z]

|

How do you prepare for the finsl evam?
Follow theee three stepe:

(@ Review each lesson objective as o
summary of what was taught {n the courss,

1) Heread all portions of the text that
you found particvierly difficult,

D Review all the t0s00n quastions,
paying specist attention o those you miseed
the first time around,

I you foilow these aimple steps, you
should do wefl on the final, COOD LUCK !




PREFACF.

kngineer equipment mechanic has been designed to provide lance corporals through
stulf sergeants with a source of study material which will enable them to perform more
efficiently the duties of an engineer equipment mechanic, MOS 1341, It discusses some
of the things t, consider when diagnosing, troubleshooting, and repaliing malfunctions of
principal syswems of engineer equipment. This is not a hasic equipment course nor does it
caver all the equipment, procedures, duties, and responsibilities of an engineer equipment
mechanie. [t is a general discussion of techniques for dlagnosing, troubleshooting, and
repairing systems of engineer equipment. This, coupled with other courses affered by
MC'T and OJ°'1, will enable the 1341 mechanic to qualify in his MOS.

There i8 o continuous need for good, expe rienced diagnosetic and troubleshooting mechanics
in the engineer fleld. Excessive repsir costs are continuously ineurred due to inexperienced
mechanics jumping into a repair job without first inaking a dlagnosis and then troubleshooting
for the cause. To explain these two terms, let us say that diagnosis is the ability to determine
what part or component has malfunctioned and troubleshooting 18 the art of determining the cause
of that malfunction.

Thig courge includes coverage in the tools and test devices necessary for a mechanic to
diagnose and trouhleshoot components of engineer equipment. Succeeding chapters deal with
standard gasoline and diesel engines: power traing: and auxiliary equipment used on Marine
Corps engineer equipment. Thig course, coupled with on~the=job training, will enable you
to he a more proficient mechanic. Be a mechanie, not a parts changer,

SOURCE MATERIALS

T™ 00872 A-15 Crane~Shovel, Crawler=Mounted with Attachments, Dec 1961

TM 00872 B-15 §rane-8hmrpl, Crawler«Mounted, Model M37{M&3), Jan 1965

TM 00473 D=15 C rane-Shovel, Crawler-Mounted, Model 2N(M62), Jan 1963

M 015651 Del§ Bay Clty C rane, TruckeMounted, Diesel-Engine-Driven, Mar 1964
TM=EN-01551 A=15 Erane-sii_ovoi. !f'mck-Mounted. DieSel-Engine-ﬁrivvn. Jun 1961
TM™ 04078 A-15 Tractor, Diesel=Engine=Driven, Model 100, Dec 1964
TM=-07542A-12 Loader &coop-'l}r FuﬁoTracEea, J1 Case Model MC 1150, 15 Oct 1972
TM-ENG=-2475 Adama Wodel 5t toFﬁ‘ ader, Nov 1957

‘M 2815=15/1 Detroit Diesel Engines, (reissued Oct 72)

TM 5-2805-204~-14 Fngine, Gasoline, Military Standard Models, Jul 1965

TM™ 9=-8000 Principles of Automotive \;enlclpa. Jan 1956

NAVPERS 10644F Construction Mechanic 3 and 2, rev 1966

NAVPERS 10845C Construction Mechanic | and C, rev 1970

SETI=1462 Fuel and Elect rical Trouble Disgnosis, Test Equipment

Wisconsin Air-Cooled, Heavy-Duty Engines, Wisconsin Motor Corp..
~Milwaukee, Wlisconsin

Fuclid Maintenance Munual for §2=30/C8 Crawler=Tractor, The

Rervice Department, Fuclid. Division of General Motors, Hudson,
Ohio, Apr 1966
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UNITED STYATES MARINE CORPS
MARINE CORPS INSTITUTK, MARINE BARRACKS
0% 1778
WASHINGTON, D.C. 20013

ENGINEER EQUIPMENT MECHANIC

Course Introduction

ENGINEER EQUIPMENT MECHANIC is designed to advance the professional competence
of privatea through sergeants as equipment mechenics, It will instruct them in the testing end
diagnostic equipment and in the methods of conducting tests, In addition, the course givea
coverage on diagnosing and troubleshooting of engines, power trains, and auxillary equipment,
Ideslly, the course should be used In conjunction with on~the-job training in order to meet the
MOS qualification reguirements for the equipment mechanic,

l.egson Study
Number Hours
1 2
2 3
3 3
4 3
2
13
ENAMINATION;
MATERIALS:
RETURN OF
MATERIALS:

ORDER OF STUDY

Regerve
Retirement
Credits Subject Matter
0 Teat Equipment
1 Engine Diagnosis and Repair
1 Diagnosie and Repair of Power Train Components
1 Diagnosing, Trouble shooting, and Repairing
Auxiliary Equipment
1 FINAL EXAMINATION
4

- - - - - - - - - - R A e R

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

MCI 13,41¢, Engineer Equipment Mechanic, Lesson sheets and answer
sheets.

Course materiale become the property of the student upon guccessful
completlon of the course,

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

i0
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Chapter |
TEST EQUIPMENT
1-1, GENERAL

The type of test equipment authorized for your unit will be determined by the echelun of
maintenance authorized, the T/E, the unit's misston, snd the type and quantity of equipment
to be supported. Test equipment is helpful and necessary in sgome cases for the correct disgnosis
and troubleshooting of maifunctions. This chapter will discuss only the test equipment used
to diagnose and troubles*oot malfunctions. Some of these itema are more common to motor
tranaport maintenance, but can be used on engineer itema of equipment.

1-2, TACHOMETER

Most engineer equipment ig equipped with a tachometer, but because of continuoue operation
you should not rely upon its being accurate. A hand-held mechanical tachometer {8 used to
measure engine rpm and to check the accuracy of equipment tachometers. The tachometer
shown in figure 1-1 will indicate rpm for both right and left rotsting shafta. The shafta must
be clean and dry because the rubber-~tip adapters act as the friction surface for the tachometer
and will slip. giving a false reading. Force the tip into the shalt only with enough force to
prevent slipping and not 80 hard that the instrument parts will bind, The tachometer shaft must
e held directly in line with the center of the rotating part. Handle it with care and store itina
place where it will not be bumped. When using the tachometer you should be extra careful or
your hands or clothing may get tangled in the moving machinery.

Tachometer asfembly

Clockwise scale

Counterelockwise acale

Indicator needle

Tip adapter for shafts with center hole
Tip adapter for flat surfaces

Shaft :

-aam.-bmu--

Fig 1=1. Hand-held tachometer.
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1-3, COMPRESSION GAGE

The compression test set shown In figure 1=2 {8 for use on diesel engines; the tester for
ganoline ergines performs the same function, but un a lower scale and it has fewer adapters.
*'n - ac the tester, remove the in,~ctor, injection nozzle, or apark plug from the eylinder to be
tes: »d and erank or run the engine at the speed specified. The highest reading on th» gage in-
dicater the compreasion pressure in the cylinder. Readings lower than apecitied indicate bad
valves or valve adjustments, bed cylinder head gasket, worn rings, or cracked parts. The
enmpresslon test will not int the trouble, but it will enable you to proceed with furiher teets
fo locate the prablem, For example, an engﬁw using excensive amounts of oil, but having the
epecitied compression is an indization of worn valve guides or ofl 1eaking at some other point,
The tester and adaptera are usually issued @8 a set in a box; keep them clean and dry. The
adapters are rubber or some other soft material or & machined fit; damage to theae components
will allow leakage and cause a fatse reading,

-, mﬁ- =t
-

-
-+

Fig 1-2, Diesel engine compression test set.

1-4, PRESSURE GAGES

Gages to measure air and oil pressure are required to check engine and component ofl
pressures snd brake or clutch mechanism air preasure. These gages are made in & variety
of nizes snd types and in soune cases the mechanic will use a new part like the one instatied on
the machine, When available, the test gages should be used because they are calibrated and are
designed to withstend some overload. When checking ofl or air pressure, select & gage that will
indicate the highest reading expected. Although the gages will withstand some overload, cotd
uil snd maladjusted compressors witl sometimes exceed the expected reading. Before removing
the plug to install the gage or before removing the gege after the job is completed, bleed the
system to rcduce the presaure., Ofl in some systems has enough pressure to force it into the
skin, and air preseure will force amatl particles into the skin., When not in use, keep the open
end of the gage covered to protect the gage from dirt and to protect the screw threads.

1-5. VACUUM GAGE AND FUEL PUMP PRESSURE TESTER

The tester is a single gage with a flexible hose and adapters, The gage is marked to
indicate pounds of pressure and inches of vacuum. It can be used to aseist in diagnosing problems
caused Yy lack of fuel, ignition timing, defective valves or gaskets, or improper carburetor
adiustments. The vacuum gage and fuel pump pressure tests are used with other tests to pin-

point mechanicat problems.




8. Vacuum test. This test is made by connecting the
fage to the intake petween the carburetor and the engins.
The connection may be at the base of the carburetor or
at & plug near the center of the intake manifold, Some
engines are not equipped to be tested with the vacuum
«ag®; there is no place to connect the gage. After the
gage is connected and the angine is operating at normal
operating tempgrature. note the inches of vacuum on the
Rage. A steady neadle that 18 between 18 and 21 inches
vacuum I8 aormal (tig 1-3). A steady reading below 18 ol
tnches (tig 1<4) indicates & loss of power due to & reading
condition that is sffecting all cylinders. Tta loss of
power may be due to late ignition timing, improper
secling of piston rings, or mechanical drag caused by
tight bearings. An improperly adjusted carburetor ip
usually indicated by s reading that slowly drifts trom one
reading to another (fig 1-5). Should the needle pulsate
(jump) steadily trom one reading to another {fig 1-6),
there is 8 complete loas of power on one or more
cylinders. The power loss may be caused by leaky
valves, blown head gasket, restricted intake manifold, or .
faulty ignition. An cccasional pulsation of the needle Fig 1-4, Loss of power
indicates ignition faflure or sticking valves, If the reading affecting all cylinders.
starts between 18 and 21 inches vacuum and gradually falls lower when the engine rpm is
held steac'y at approximately 2000 rpm, the cause 18 probably a restrictad exhaust system.

Fig 1=5. Improper ~arburetor Fig 1«6. Lose of power on one or more
adjustment causes slow oscillation. cylinder causes steady pulsation.

b. Fuel pump pressure test, Before starting the test, check the TM for fuel pump pressure
specitications, pﬁiseomect the fuel line from the carburetor and connect the tester to the line.

Crank the engine and pote the fuel pressure; the engine will rin on the gas that ie in the carburetors
DO NOT allow gasoline to fall onto a Lot engine. Fuel pump pressure lower than epecified may
be due to resiricted lincs, clogged cdlter, or faulty pump.

1-¢. DIESEL FUEL SYSTEM TEST EQUIPMENT

Thie set ({tig 1=7) consiste of & pump, geges, adapters, arnd & spray cup. It is used for
testing unit injectors and nozzless It is & cumponent of the contact maintenance truck, As field
sonditions usually] prevent the repair of unsatisfactory fuel system parts, replacoment, not
+epair, is recommended, This test get 18 used by higher echelon repair facilities to determine
che cause of defective unit injectors and nozzles go that repairs may be made, when applicable,
or to insure that the injectors and nogzles are functioning properly,

2 14




®

Plastic spray cup 8. Test head

1.

2. Cummins test fixture and 9. Mounting bape
accessories 10. Flexible connector

3. Plunger acrew knob 11. Reverse flow block

1. Low-pressure tester 12. Spacer block

5. Injector test pump 13. Adapter

6. Hydraulic gage. 0-500 psi 14. Burette

7. Gage and fuel line assembly 15. Spacer block

Connector nut
Connector nuts (N«4)
Connector nut (N=5)
Connector tube (N~1)
Connector nut (N«7)
Connector nut (N«8)
Ermeto adapter (N116)
Mounting plate

B AR D -

. B ¥
LS

k‘ . Ly ' & i i

Fig 1-7. Diesel fuel system test equipment.

1=7, FLECTRICAL TEST SETS

a, General, Many good electrical components have been replaced because the mechanic did
not know how to perform a test or did not know that teat equipment was available. The electrical
testing equipment normally used by engineer equipment mechanics i5 congidered to be motor
traneport equipment, However, the maintenance 8hop vehicles are now equipped with some test
equipment. The low-woltage circuit tester (LVCT) and the multimeter cen be used to teat most
components of the engineer equipment electrical aystem. There are other components of the get
guch ss the coll=candenser tester, generator and voltage regulstor tester, voli-amp tester, and
dwell-tach tester, but the LVCT snd the multimeter will perform most teata required on engineer
items of equipment. When properly used, they enable the mechanic to locste defective electrical
components, Parts can be tested to determine their condition; this will help eliminate waste, The
#ete are precision inetruments sand must be handled with care. They are usually repaired by
ardnance or electronic maintensnce personnel, The only maintenance performed by the user is
clesning of the set and replace ment of the battery,
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b, Componenta and use,

{1) Adapter kit {fig 1-8). The connections necessary for testing and diagnosing fungue=
prool aml radio=suppressed electrical aystems are contained in the adapter kit. The
components of the kit are designed to be plugged into the circuit of phielded systems
and provide a method of attaching the test equipment. The kit enntains @ generator
tield control which is a rheostat for controlling ihe current through the generator field

Fig 1-8. Model WPW adapter kit.

{2) Heavy=duty battery starter tester (fig 1=0)., This set is used to test battery capacity,
starter and battery cables, and starting motors. It has a scale for reading volts end
a acale for reading amperes. Procedures for using the set are neually provided with
the set. The procedures discuseed here are for general use when there are no 8pecific
instructions with the set or in the TM.
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NEOAYIVE PSITIVE
LEAD ” LEAD
(MLACK) {RED}

Fig 1«0, Heavy~-duty battery starter tester.

{(a) Battery capacity test (fig 1-10). The capacity test is made if visual inspection and
preiiminary tests faii to locate the electrical trouble or if electricat troubles are

reoccurring. Before making the capacity test, the electrolyte must be at the
proper level and have a specific gravity of at least 1, 226 at 60°F or sbove.

— SATTERY *STARTER
= TESTER

RATTERY
CABLE TERRINAL
cLANP rost

LEAD
cLire

Fig 1=-10. Battery capacity test connectione.

Step 1, Turn the control knob of the tester to the OFF position and connect the ammeter
teade us {llustrated (fig 1-10).

Stap 2, Turn the voltmeter gelector switch to 15=VOLTS and connect the voltmeter leads.
NOTE: The tester leads are to be connected to the battery terminal and not to
lend clips,

Step 3. Turn the control ¥ncb clockwime to BATTERY and adjust po that the tester am-~

meater reads a discharge rate equal to 3 times the ampere -hour rating of the
battery, (The ampere-hour rating of the battery is listed in mupply publications.
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Step 4, With the ammeter reading the apecified load for 15 geconds (NO LONGER),
note the voltmeter reading. then turn the control knob to the OFF poeition, If
the teater is pulling the apecitied loads for periods longer than 15 seconds it
will burn up the teater and 1eads or completely discharge the battery,

Step 8, The readings on the voltmeter indicate the battery condition, For a 12-volt
battery, 9.6 iu good, P to P, 6 is fair. and less than 9 volts is unsatisfactory,

Step 6, Only the 12-volt battery is mentioned because most engineer equipment is
equipped with one or more 12-voit batteriea. Test each battery individually
to insure that each is in satiafactory condition,

(b) Cable teat {fig 1-11), Starting and charging system difficultiea are aometimea
cauned E exceseive cable registence. Only the voltmeter part of the teater is used
to make the cable reaistance test. When the voltmeter is properly used, a reading
of more than ,1 wit indicatea excessive reajstance which may b:e due to poor con-
nections or defective cables. The teats are made by connecting the voltmeter leads
across each connection and cable in turn, Correct any deficiencies noted before
proceeding to the next cable or connection.

BATTERY-STARTER
TESTER

STARTER

BATTERY LIMK
CABLE TESY

!} R

Fig 1=11, Cable test,
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Turn the voltmeter selector to 5 VOLTS.

Step 2. Connect the voltmeter leads as fllustrated. The voltmeter l¢ad must contact
the battery post and the connection terminal or srom terminal to terminal.

Loose or corroded connectiona will cause a false reading if the leads are
connected to the cable clamps.

Step 3. Do NOT atllow the voltmeter lead to ground the circuit.

Step 4. With the te-ter connected, close the starting circuit and obtain the reading.
Leave the ignition or the throttle controls in the off or stopped position when
making the test. The test requires the starting motor to be under load,

(e} Ground circuit teat (fig 1~12). This test & made In the same manner as the cable
test except that a reading above . 2 yolt is excessive. Excessive readings may be
due to poor connections or defective parts within the starting motor. A poor connection
between the engine and the vehicle frame will cause an excesaive reading if the battery
ground strap is connected to the vehicle frame. Excessive voliage loss indicates re=

sistance in the circuit which will interfere with the operation of the entire electrical
system.

Fig 1-12. Ground circuit test.

{3) Volts-ampere tester (1ig 1=13). The voltecampere tester 100k like the battery starter
tester and care must be taken to be sure the correct set is being used. Both sets have
a scate for yoit readings and a scale for the ampere readings. The wits-ampere

tester (s used for testing the starting motor amperage draw and charging circuit and
primary circuit resistance.




FIXED LOAD
J-WAY TDGGLE SWITCH

POSITIONS:
LEFT - 6 VOLTS
CENTER - 24 VOLTS
= RIGNT - 12 VOLTS
POINTER NEEDLE
[ ] a& .y
P CALIBRATING CORRECTOR®
==1LOAD CONTROL KNOB
"?""'e: VOLYMETER
v e — SELECTOR
\_ i SWITCH
R /
\ CONTROL
mnsz RING INDICATES
- POSITIVE LEAD
VOLTMETER CALIBRATION
CHECK BUTTON

Fiz 1-13, Volts-ampere tester.

{a) Starting motor ainperage draw teat {fig 1-14), The purpose of the test is to determine
the amperage draw of the starting motor. The engine must be at normal operating
temperature 8o thet the cranking load will be normal. Note in the {llustration that
the tester leads are connected 80 that if the tester controls are turned to a certain
poaition there will be a direct short acrosa the battery,

Note: Thease procedures are for a 24~yolt system.

Step 1. Turn the load control knob to FIXED LOAD. Leave the (ixed~load switch at
24 VOLTS and turn the voltmeter selector to 40 VOLTS,

Step 2. Connect the test jeads a8 {1lustrated in figure 1+14,

Step 3. With the ignition switch off or the throttie in the stc.pped position, engage
starter and note the exact reading on the yvoltmeter.

Step 4, Lisengage the starter, then turn the load control knob clockwise until the
voltmeter reads exactly the same 88 with the starting motor operating.

Step 5. Read the tester ammeter for the starting motor amperage draw.

Step 6, Turn the loed control to FIXED LOAD before disconnecting leads, DO NOT
turn counterclockwiee.

WOTE: USE VOLTS~
AMPERE TESTER OMLY

l [ earn |

Fig 1=-14, Starting motor amperage draw test.
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(b) Charging syatem tests.

1. Test preparations. Inspect the entire charging system for loose or corroded

connections. Check the generstor drive belts for proper adjustment. If all
connections are clean and tight snd the belts are adjusted, inatall the adapters
and controls of the adapter kit. -

Sten 1, With the engine stopped and alt electrical loads awitched off, disconnect the
battery lesd from the regulator and install adapter as shown {fig 1-15),

Step 2. Turn the load control knob to DIRECT and connect the 75-ampere ammeter
leads as {llustrated.

Step 3. Install the generator testing control on the generator,

Step 4. Turn the toggle switch on the generator iesting control to FIELD CONTROL
and turn the field control to OPEN.

Step 5. There are other leads of the volta*ampere tester that will require counecting,
but these will be discussed under each test.

o608
VOLTWETER TERST! bt —
FUELD '
cantaor, 2B\ = '
KNoo -
¢ IELD .

seiTce .
GENERATOR o osrves

merine

CONTROL

e 10) GEN.

- L ] n
A8

[T ®AT. | [ oav

Fig 1415, Charging circuit teat connection preparations.
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2. Insulated circuit resistance test {fig 1-18). Excessive resistance in the charging
circuit will cause undercharging of the batteries and an abnormal load on the
denerator and generator regulator.

Step 1. With the load control knob on DIRECT, turn the voltmeter selector to 4 VOLTS
and connect the voltmetler leads between the voltmeter terminal of the generator
testing control and the battery as {llustrated. (NOTE: The meter will read off-
scale to the left,}

Step 2. Start\lL.e 2ngine and run it at approximately 1, 000 rpm,

Step 3. Turn the fisld control knob of the generator testing control to ohtain a reading
Jf 10 amperes on the volts-ampere tester. A voltmeter reading of 4 or more
volts, vhen no reading can be cbtained on the ammeter, indicates that the
generator regulator cutout rolay is not closing or that the charging circuit
is open at another point, Check the system again for loose connections and
broken conductors. Check position of tester controls. 1f no charging rate s
obtained and the voltage wil) not rise above Zero, the generator is probably
defective.

Step 4. With the test ammeter reading exactly 10 amperes, the voltmetsr should not
exceed .5 volt, A reading above . 5 volt indicates excesaive resistance,

GENEQATOR :::::: .
TESTING \
CONTROL hy VOLIMETER
- LEADS
oE

T T
| eae | |
Fig 1-18, Insulated charging circuit resistance test.

3. Locating clrcuit resistance (fig 1-17), The procedures for locating charging
circuit resistance are used only if the insulated circuit readinge indicate there is
excessive resistance. If the previous readings are within specified 1imits, there
i no need to perform these tests,
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Step I, With the volta-ampere tester set the same as for the insulated circuit test, the
charging rate te adjusted to exactly 10 amperes.

Step 2, Upe the volimeter leads connected as outlined below and illustrated In figure
1-17 to check the resistance in the various parts of the eircuit,

Voltn:'eter test leads connected to 1 and 2 maximum reading , 3 volt

1] " " 1] 2 aﬂd 3 " n 2
1] " n " " 4 .m 5 1] n ‘1
" " n " 1] 1 am 7 H] 1] :1

(1)

{ 5\.

(7) (2
@:Il ' o/?o

TESTER

uusunn;"/ R
TEBTING 1
CONTROL -

0‘ (3

O '.
ﬂ BATL. "' | BAT, |

Fig 1-17, Locating charging system resistance,

4, QGround circuit resisiance test {fig 1-18). The insulated circuit may show satte-
factory test readings, but a cestriction in the ground circuit will keep the system
from operating properly. Direct current {de) must return to ite source and the
ground circuit te the path normally used for returning. The charging circuit and
the regulator circuit can be tested by the following procedures.

Step 1, After completing the insulated circuit resistance test, keep the tester controle
the same and the generator operating at exactly 10 amperes. Connect one yolt=
meter lead to a ground on the generator and the other lead to a good engine
ground. The volimeter reading should pot exceed .1 volt,

Step 2. Continue the 10-ampere reading and m~ve the voltmeter lead from the engine
ground to the regulator base. The vcitmeter reading should not exceed . 1 volt.

Step 3. If higher readings are noted, locate the problem by connecting the voltneter
across each wire and connection. The highest reading on the voltmeter will

be obtained when it i® connected across the point of high resistance. The
resistance may be due to » loose, corroded, or dirty connection.
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VOLTE* ANPERE -
TESTER

*

97 ERATOR

TESTING
CONTAOL
OtN. -
0O
STARTER

l sat | | om
Fig 1=-18. Ground circuit resistance test.

5. Output test (fig 1=19). This ia a load test to check generator output and drive belt
slippage. The gencrator 18 opersted at its rated capacity and the engine rpm is
observed. ‘The rated output should be obtained at or below apecified engine rpm.
When making this test be careful not to excead generator output as indicated on
the data plate or in the TM,

Step 1, Connect the volte=ampere tester and the generator testing control as {llustratec
and set the control knob of the tester in DIRECT. Set the toggle switeh of the
generator testing control in FIELD CONTROL and the field control In the IN
position.

Step 2. Set the engine rpm at the specified rpm {(approx 1, 000) and slowly turn the
field control toward the OUT position while watehing the tester ammeter. The
reading should rise evenly and steady. If the generator does not produce the
rated output at the specified rpm, it should be removed.

GENERATOR
TESTING
CONTRMOL GEN.

Fig 1-19. Generator output test connections.

(5=

Cutout relay test (fig 1=20), ‘T'he cutout relay im & part of the regulator assembly
which npens and closes the circuit between the generator and the battery. When
the generstor s producing enought current to overcome the battery voltage, the
cutout relay clnses and allows the current to flow to the battery., This relay will
npen the circuit when the generator {8 not producing emough current and prevent
the flow of electricity from the battery to the generator. The component parts of
the regulator are tested after the generator and charging circuits have been tested
ard are operating satiafactorily.
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Step 1,

Step 2,

Step 3.

Step 4.

Connect the volte-ampere toster and the generator testing control ga illustrated.
Set the volts~ampere tester load control knob on DIRECT and the voltmeter
selector switch at 40 VOLTS., Set the generator testing control toggle switeh

in the FIELD CONTROL position and the field control in the OPEN position,

Increage the engine apeed to 1, 000 rpm and slowly turn the field control out 8o
that the voltmeter reading builds up a fraction at a time, Check the tester
ammeter after each increase in voltage, The cloeing voltage of the cutout re-
lay is the highest voltmeter reading that can be obtained before the ammnter
pointer moves.

After the closing voltage has been determined, turn the field control clockwise
until the ammeter indicates approximately 10 amperea charge, Then slowly
turn the lield control to the IN position while watching the ammeter. The
opening ampersge of the cutout relay will be the greatest discharge reading
=btained belore the pointer drops to gero.

The cutout relay ia cloaed by current flowing through the winding, and opened
by spring tension. The gatisfactory closing range of the cutout relay is 25 to

27 volts [or a 24-volt charging system. Only in emergencies will organizational
maintenance personnel attempt to repair or adjust the cutout relay.

uutsim_m;llssﬂsn

GENERATOR
TESTING
CONTROL

Fig 1=20. Cutout relay test.

7. Voltage regulator test (fig 1=-21), The voltage regulstor limite the voltage of the

charging syrtem and protecte the lights and acceasories from high voltage.

Step 1.

Step 2,

Stey. 3.

Step 4.

After completing the cutout relay test, turn the generator testing control toggle
switeh to REGULATED and the field control to OPEN, Turn the control knob
of the volts~ampere tester to FIXED LOAD and the gelecter switch to 24 VOLTS.

Remove the ammeter test lead from the regulator to battery wire and connect
the voltmeter test leads to the regulator battery terminal and to ground,

Increase the engine speed to 2, 000 rpm. Switch the generator teating control
toggle switeh to FIELD CONTROL and then back to REGULATED to eycle the

regulator. The reading on the voltmeter now indicatee the setting of the
voltage rezulator.

If the remding obtained ia unsatisfactory, replace the regulator asaembly,
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VOLTS -

_l_s_lmul

GENERATOR
TESTING
CONSROL /

13V .
l BAT. I

| oAt |
Fig 1-21, Voltage regulator test.

8. Current regulator test {tig 1+22), Current flow creates heat; for example. current
wing through the conductor in a light bulb causes it to become white-hot and pro=
duce light, Lt is possible for the generator to butld up sufficient current to melt
the metal in {t, therefore the current must be controlled to prevent damage. The
current regulator prevents the generator from exceeding its safe output when the

battery is in low state of charge or when the electrical load exceeds the maximum
safe output,

Step 1. After completing the voltage regulator test, lock the local control knob of the
volte<ampere tester in the FIXED LOAD position and turn the fixed-load

switch to 24 VOLTS., Place the generator testing control toggle switch in the
REGULATED position,

Step 2, Connect one ammeter and one voltmeter test lead to a good ground and op-
ammeter and one yoltmeter test lead to the regulator battery terminal,
the engine speed at approximately 2, 000 rpr.. '

Step 3, Turn the load control knob of the volts-ampure tester to VARIARBLE and adjust

untfl the volimeter reads 26 volts. The ammieter reading now indicates the

setting of the current regulator. Check appropriste TM for manufacturer’s
specifications.

Step 4, If unsatisfactory readinge are obtained, replace the regulator assembly.

VoL - FE!S TESTER

——

RETRG
CONTROL

g s R

BAT, l ] BAT. i

Fig 1-22. Current regulatar test,
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Ignition primary circuit resistance test {tig 1-23). Hard etarting and misfiring can
be caused by excessive reaistance in the ignition primary ecircuit., Remember that
reeistance i8 affected by the type of material ueed, the aize of the conductore,
corrosion, and dirty or loose connections. Although there can be other caueen of
rard starting end r.dsfiring, testing the resistance of the clreuit during acheduled
maintenance is a worthwhile time investment.

Step 1. Turn the volta=ampere tester volimeter selector to 4 VOLTS,

Step 2. Connect the adaptere, if needed, and the vnltmeter teat 1aade between the
battery and the battery side of the ignition coil. Place the clips In such &
manner that they will not touch ground end short-cireuit the primary circuit.

Stepr 3. Turn the ignition on, crank the engine slowly until the pointe close. Note
the voltmeler reading. The highest reading will be obtained when the pointe
are fully closed. The reading should no. exceed . 2 volt,

Step 4. A high reading indicates excenaive resistance. The cireuit ehould be checked
" aerose each cunductor and connection to locete the highest voltmeter reading
and the location of the resistance. ‘

VOLTS=ANPERE
TESTER

ADAPTE|
< !
[__]
. Q @
1 : . [ 5 ] m . l ;
BAT. BAT. ountEt

Fig 1-23. Primary cireuit reaistance test connections.

(4} Dwell=tach tester {fig 1-24). The dwell-tach tester is used to measure the dwell angle
and the rpm of an engine that has a spark ignition, One lead (normally red) is connected
to the primary ignition circuit at the ¢losest place to the contact points and the other
lead is connected to ground. Some testers have only one meter for reading both dwell
angle and rpm. Other testers, such as the Sun Dwell=Tach (fig 1-24), have a meter
for reading dwell angle and a meter for reading rpm. The testers that use batteries
have & comrol for calibrating the tester before each use. If the tester cannot be
calibrated, the batteries should be reJlaced. Testers without an internal power source
are usually calibrated hy turning a serew at tha pivot point of the pointer needle, The
adapter kit is used wih the testers on magnetos and distributors with shielded systems.
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(RED)

Fig 1=-24, Dwell=tach tester {Sun}
(a) Distributor circuit r *sistance test (fig 1=25). Testers with an internal power gource
can be used to test the resistance of the primary eircuit in the distributor. Resistance
of the eircuit is made prior to taking a dwell angle reading because excessive re-
gigtance will give L v incorrect reading, NOTE: Resiatance of a magneto ignition system
cannot be checked with the dwell=tach tester.

Step 1. Calibrate the dwell-tach tester by turning the dwel® tack switch to CALIBRATE
and the dwell regulator so that the pointer re:  n the set line of the dwell angle
scale. Then connect the red test lead to the p +vy {rcuit of the distributor
terminal and the black lead to a good ground.

Step 2, With the ignition switeh in the ON position, turn the engine slowly untfl the
poiate close. When the points are fully closed, the highest reading on the
dwell angle scale will be Indfcated. Thie reading should be inside the bar on
the right end of the scale; a reading outeide the bar indicates high resistance
in the distributor ground eircuit.

Step 3. If the reading indicates that there 18 high resistanae in the eircuit, check the
points, distributor plate, and distributor houging. Remember that the sige of
any conductor used will also affect the resistance,
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Fig 1-25, Distributor ¢ircuit resistance test.

(b) Engine idle rpm test {fig 1-25). The engine rpm should be checked to insure that it
is within manufacturer's specitications. High and low idle rpm can be tested with the
dwell=tach tester when making governor and carburetor adjustments.

Step 1. Calibrate the dwelletach tester gnd turn the dwell-tack switch to the proper cam
locbe position. The number of cam lobes usually is the same as the number of
cylinders: however some magneto ignition systems can have lesg than the
number of cylinders. When the number of cylinders and the r mber of lobes
are different, check the manufacturer's recommendetions for testing engine
rpm. Set the tachometer scale selvator switch to 5000 RPM,

Step 2, Connect the black tester lead to & good ground snd the red tester lead to the
primary circuit of the ignition system,

Step 3, Crank the engine and note the reading on the tachometer scale for engine rpm.
If the rpm is less than 1, 000, set tachometer scale selector to 1, 000 rpm
positicr. Adjust the components necessary to change engine rpm to specifications,

{c) Contact point dwell test. ‘Figure 1-26 {Nlustrates gome of the fallacies of using a feeler
fafe to adjust contact points. Measuring the dwell angle (tig 127) is the moat accurate
method of adjusting the contect pointa in a epark ignition aystem: Degrees of dwell, dwell
angle, and cam ‘El" are terms used t0 refer to the number of degrees that a distributor
cam will turn while the points are closed. Dwell angle will affect ignition timing and coll
output, If the points stay closed too long, ignition will be late; if the pointa open too soon,
the coll will not produce ihe spark required. When making the dwell angle test, the engine
rpm should be varied from idle to 2, 000 or maximum governed rpm and the variation of
the dwell noted.
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Fig 1-27. Dwell angle.
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Step 1. Calibrate the tester aﬁd turn the aelector switch to the correct lohe position,
Connect the tept leads (fig 1+28) and gtart the engine,

Step 2. Adjust the contaot points to obtain the specified dwell angle. To obtain the
dwell angle while making the edjustment, remove distributor cap and rotor.
Turn on ignition switch. Adjust points tc correct dwell angle while engine is
turned by starting metor.

Step 3, Variations in the dwell angle reading can be caused by high resistance,
mechanical wear, and loose connections.

Fig 1+28. Connections for testing dwell angle.

{5) TLE.}.-L“‘ light. Ignition of the fuel-air m'cture must occur at the prover time for the
engine to operate properly. A timing light is used to check and adjust the timing of the
ignition in a apark ignition system. The timing light is copnected to the No. 1 apark
plug high~tension lead and to the apark plug. Locate the timing mark (uaually on the
crankshaft pulley or the flywheel). With the engine running, the light should come on
when the timing mark is in the correct position. if the power~type timing light is used,
connect the high-tension lead to No. 1 spark plug (leave distributor-to-plug high-tension
lead connected) and connect the low-voltage leads to the battery. Crank the engine and
check the timing.

Note: It is advisable to ground the mecondary wire of the ignition coil to prevent high
tension current from traveling over spark plug wires, ete. during adjustments.
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UNITED STATES MARINE CORPS
MARINE CORPS INSTITUTE. MARINE BANRACKD
90X 1778
WASHINOTON. D.C. 20013

FNGINEER EQUIPMENT MECHANIC
Lesson 1

Test Equipment

STUDY ASSIGNMENT: MCI 13.41c, Engineer Equipment Machanic, chap 1,

LESSON OBJIECTIVE: Successful completion of this leason, combined with on=the=job training
using the principles presented, will engble you to disgnose fuel and
electrical problems using the teat equipment available in the Marine

Corps,
WRITTEN ASSIGNMENT!

A, Multiple Cholce: Select the ONE answer which BEST completes the ptatement or answers the
question. Aflter the corresponding number on the anewer eheet, blacken the appropriate
box,

Value: 1 point each
1. What device is used to measure the engine rpm?

a, Torque wrench ¢, Compression gage
b, Tachometer d. Speedometer

2. When a compreusion teet {8 made, what problem will NOT be indicated by a low~
com preselon reading?

a, Bad valves or valve adjustment
b, Worn rings

c, Cracked heed or bad haad gasket
d, Cracked intake manifold

Note: Itame 3-6 are illusirationa of four different readings of the vacuum gage and fuel
pump pressure tester, You are to identify the condition indlcated {a=e) by the reepective

gage readings.

a, Lose of power on one or more cylinders caugses ateady pulsation.
b. Improper carburetor adjustment causes slow oscillation,

c, [.088 of power affecting all cylindere

d, Normal vacuum reeding

e, Loee of power dua to restricted exhaust aystem

1an i p, 1




7. Unlt injectora and nozzlea are tegted with &

a, fuel pump presaure test set.

b, diesel engine compression test set,
¢, diesel fuel aystem test set,

d, compresalon gage.

8, A visual Inspection of the battery and preliminary teste fail to locate the electrical
problems, Which test would be taken prior to the capacity test?

a, Generator voltage test c. Voltage regulator voltage test
b, Specific gravity teat d, Voltage regulator amperage test
7, The diagram shows the hookup for a ____ test,

RATHI B ATARTVN
(14N 1]

a, ground circuit
b, link cable

c. cable

d, capacity

VOITO TER

10, When making a cable test, excessive reaistance !@ Indicated when the resading exceeds

volt,
8 .1 e .3
b‘ L] 2 d‘ L 4
11, When conducting a eranking motor ground circuit test, a high voltage reading may be
caused by
8. excess resistance, c, low resistance,
b, poor connectlon. d. voltage loss.

13, Which test{s) can be made with the volts~ampare teater?

a, DBattery capacity

b, Starter ground circult and cable resistance

c. Cam angle and engine rpm

d, Charging circuit reslstance and gtarter motor amparage draw

13, When using the volta-ampere teater on the charging circuit, what !8 indicated by a reading
of 4 or more volts on the voltmeter when no reading can be obtained on the ammeter ?

a. QOpen circuit in charging system

b, Cloaed circuit In charging syatem

¢, Grounded circuit in charging system
d, Battery capacity is low.

14, When conducting a charging system ground circuit resistance test, a voltmeter reading
in cxcese of .1 volt would indlcate

n, excessive reelstance. c. increased engine load,

b, insufficient resistance, d, Increased starting motor spin.
13, 41
len |; p. 2
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15, When conducting & cutout relay teat, the closing voltage of the cutout relay is the highest
voltmeter reading obtained

a, before the pointer drops back to zero.
b, after the pointer drops back to gero.

c, after the ammeter POinter moves,
d, before the ammeter pointer moves.

16, Excessive resistance in the ignition primary circuits maybe indicated by

a, slow oscillation, ¢, hard starting and miefiring.
b, steady pulsution, d. glow cranking epeed,

17. \What device 8 used to check the timing of the ignition jn & epark ignition system ?

8, Dwell=tach tester ¢, Timing light
b, Vacuum gage d. Low voltage cipcuit tester

18, What device i used to measure dwell angle and the rpm of a spark ignition engine?

a, l.ow voltage circuit teater ¢, Vacuum gage
b, Dwaell=tach teater d. Tachometer

Total Pointe: 18

L] LS #*

t, 41
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Chapter 2
ENGINE DIAGNOSIS AND REPAIR

The objective of this chapter is to enable the student to identify the procedures necesaary
to dtagnoae and correct malfunctions of some of the common models of:

1. gasoline engines,
2. diesel engines,
3, engine cooling systems.

The malfunctions w i not be ltated In the order of most frequent occurrences. The

. ae trouble-
shooting charts and tips are to be used a8 a training aid only. For more specific information
on specific items of equipment, check the TM for that specific item of equipment,

2-1. INTRODUCTION

As on engineer equipment mechanic. you are required to maintain, diagnose malfunctions of,
and repair gasoline and diesel engines. Some items of equipment such as bridging boat, puiups,
chain saws, and small generators are powered by gusollne engines. Most of the larger items of
engineer equipment such as crawler-tractors, crane-shovels, and large generators are powered
by diesel engines. Both gascline and diesel engines come in various sizes, models, and makes,
but use either the 2- or 4-stroke-cycle principle of operation.. They are produced by many
manufacturers; however, the most common diesel engine being used by the Marine Corpe 18
produced by Detroit Diesel, a division of General Motors Corporation. These diesel engines
operate on the 2-stroke-cycle principle and are the 71 series. Units authorized to perform
maintenance are provided with the necessary tools and equipment required to maintain, troubleshoot
and repair engines within the echelon authorized. Experienced personnel are the other require-
ment, Diagnosing s the art or act of recognizing a problem from the symptoms, and a trouble-
ghooter {8 one who can locate the causes of a problem from these symptoms. You can readily
see that you will need experience, knowledge, and the proper equipment to perform this re~
quirement.

2-2. GASOLINE ENGINES

a. introduction. The gasoline engines used ty the Marine Corps can be elther 2- or 4-stroke-
cycle; single=- or multiple-cylinder: battery or magneto spark ignition; in-line, V, or other-
type cylinder arrangement. There are very few gasoline engines used with more than four cyl-
inders, The nomenclature of engine parts and components can be learned from books, but the
theory, principles, and functions are learned by reading, observing, and doing; both knowledge
and experience will be needed to diagnose and repair gasoline engines, If you know the theory,
principles, and functions, you will be able to follow the sequence of events to locate engine
problems. You can trace each action and locate and eliminate a malfunction because you know
which part or component must function at the proper time in relation to other parts or componenta.

b, Diagnosing malfunctions. Once an engine develop® trouble, yon are responsible for locating
the couse of the malfunction and restoring the engine to the original performance gtandards. The

operator can tell you how {t acts, but you must rely upon your knowledge, experience, tools

and cquipm2nt to locate the problem and correct it. You must listen to the ¢engine and the ex~
planation by the operator and then determine which part, component, or system i{s osauelvg tbe
problem. An engine malfunction can be caused by one defective part or a combination of de-
fective parts or systems, Consglder and check all possibilites when diagnosing engine malfunctions.
“or example, there is no need to change all the spark plugs on an engine with a misiring cyl-
{nder if all it needs s a replacement for a defective spark plug high-tension lead, However,

do not overlook the possibllity that both the high-tenslon lead and the spark plugy may be defec-

tive. The following parsgraphs will disocuss some of the malfunctions of gasoline engines and the
methods used to locate them,

(1) Engine falls to turn,

(a) The first and easiest part of diagnosing {8 to determine how the engine {8 cranked:
battery starter or hand=cranked with pull rope or crank. Visually check for any
obvicus defects. After checking and eliminating each problem, try cranking.
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() 1If engine is hand=cranked, check for a dragging or defective component,
1. Check the pull-rope assembly {if enclosed) to be sure it is operating properly.

2. Check the attachments that are required to turn with the engine. Disengoege the engine
¢lutch or remove the belts used to drive attachmenta.

3. Try rotating the engine opposite the normal cranking direction. This can indicate
internal damagen. Then, liaten for unusual noises when turned in the normal
cranking direction. Some causes of internal seizure are water in the cylinder,
overheated paris, or damaged or broken parts.

(¢} U the engine is battery-cranked, after checking the following itema, make the checks
listed above for hand~cranked engines.

—
-

Battery cablo connections. Pe sure they are clean and tight,

I

starting circuit. Be gure the cond'ictors are of the proper size, not broken, nor
freyed and shorted, and are clean and tight.

te

Battery condition. Be sure the battery has sufficient charge to crank the engine,
Check the apecific gravity of the electrolyte to determine the atate of charge.

4. Defective cranking motor. You will need teat equipment to check the cranking motor.
The electrical parts can be defective or the drive parts can cause it t6 be inoperative.
A looee starter can cause malfunction, but this should have been noted during the
visual check and the electrical starting circuit check. Other cranking motor problems
will be discussed later in the course.

(2) Engine turns, but fells to start. Make the following checke after performing the before-
operation service.

(a) Incorrect cranking speed. This should be the first check made since it is the eaniest
ohe. There are several possible causes for slow cranking apeeds and there could be
a combination of causes.

1. Engine oil. For engines with an of] reservoir (oil in the crankcase), the ofl viscosity
may be too heavy for the temperature. The 2-stroke-cycle gasoline engines aormally
have the engine oil mixed with fuel and would Not be affected by viscosity.

1

Starting circuit. Hand-cranked engines may have some part of the engine or attach-
nient binding or causing a drag. This can aluo be trye for engines with an electric
atarter; the battery, cable, and starting motor conditions are checked first unless
visual inspection showed signs of dragging components or attachments,

3. Internal damage. Overheating and scored or damaged internal parts will also cause
the engine to crank slow and hard. This will normally disappear after cooling, except
in extreme cases, but may oauss unusual noises thereafter. Sudden overloads or
backfire can bend parts or cause other damages which will cause slow cranking speeds,

{b) Correct cranking speed. If the engine cranks at normal cranking speed, but fafls to
start, it probably has one or more defective aystems or components. An engine will
usually start {f it has gas and air, the air-fuel mixture is compressed, and a spark
i provided at the proper time. However, it {s posaible toc have too much gasoline
for the amount of air and a spark that is t00 weak to ignite the normal air-fuel mixture,

1, System chacks. Before making any detailed checks. you can usually eliminate some .
probable causen for fallure by checking the following.
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a, Fuel supply. Bs sure ths engins has an arsquate supply of fuel. Some fuel tanks
are construnted to prevent draining the tank completely; they will show some fuel,
but iot an adequate supply, If the engins is equipped with a fuel strainer, check
to be sure that the fuel ia not restricted nor contam’ ..ed with water or other
foreign matter. Remove the air clesner and see If fyel i8 being drawn through
the carburetor venturi. Excessive amounts of gasoline indicate that the mixture
i{s too rich,

b. Ignition, Make a quick check of the ignitiop hy removing one spark plyg high-
tension lead from a spark plug and whtle cranking the engine hold it about 1/8

in, away from the base of the spark plug or any other good ground. The ignition
system shouid produce a blue spark about the diameter of a small pencil lead. If
there ia a good spark, remove the epark plug and see if it will jump the spark
slug gap while holding the base of the spark plug against the engine for a good
ground, When inaking these tests, use insulated pliere or another type of in~
sulation to prevent electrical shock.

2. Components check. 1f a raptd check of the systems fails to locate the problem, a
detailed check of the components and parts is required. ‘

a. Carbyretor. Theck the operation of the choke and throttle butterfly. Both should
operate freely without looseness. With the ghutoff valve turned on, observe the
carburetor to be sure the float circuit does not allow too much gasoline in the
chamber. A gravity feed eystem will allow the gasoline to run through the car-
buretor without engine cranking il the float does not stop the flow. The float
circuit may also restrict the flow and prevent gufficient gas from entering. Check
the screws used to adjust the mixture and makean initial adjustment il necessary.
Check for leaka between the carburetor and the cylinder. On the 2-stroke cycle,

a leak will prevent the mixture being pressurized and forced into the cylinder, and
on the 4-stroke cycle, a leak will allow additional air to enter and change the ratio
of the 2ir-fuel mixture.

b. Battery-distributor ignition. The first check should be for moisture in the dis-
tributor, gdistributor cap, or anywhere on the high=tension gide of the system
which could cause the system to fail. Check the condltion and adjustment of the
contact points. If necessary, test the coil and condenser. If all parts are good
and properly installed and adjusted, start at the battery and trace the flow of
electricity through the ignition circult. Make a test at each junction so that a
shorted or broken conductor wlll not be overlooked. Don't forget to test the
ground circuit from the polnts back to the battery. '

¢. Magneto. There are two types of magnetos used on gasoline engines. Some are
self-contained and connected to.the engine {fig 2-1A) while others are constructed
to use a special flywheel as a part of the magneto {fig 2-1B). The gelf-contsined
unit has an impulee coupling o increuse the speed of the magneto while cranking or
operating the engine at low tdle speeds. Operation of the impulse can be heard when
cranking the engine or when idling very slowly; it makes a snap or tapping sounu,
If the impulse is not working properly, the magneto will not deliver the spark
necessary to ignite the mixture, The flywheel type depends on cranking speed to
generate the low voltage to initiate ignition. Moisture will affect the magnetos in
the sgame manne: as the battery- distributor tgnition. Also check the condition and
adjustment of the contact points. Test the coil and condenser and check the strength
of the magnet. Some of the self=-contatned magnetoa have a gear-driven rotor and
the internal parts of the magneto require timing as well as timing the magneto to
thc engine. For those magnetos behind the flywheel, the high-tension lead is
soldered to the coil. This particular magneto is properly timed when the correct
flywhcel is properly installed and the point sctting g correct, An exception to this
is the military standard gasoline engine.
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1 Screw 11 Beal 21 Clp 31 Bearing 41 Screen
2 Prackst 12 Washer 32 Pin 33 Ring 43 Screw
3 Screw 13 Bpring 23 Switch 33 Shim 43 Cover
4 Screw 14 Coupling assy 34 Lever 3 Rotor 44 Serew
S Washer 13 Hub assy 25 Nut 35 Pearing 45 Contact set
8 Capacttor 18 Spring 20 Washer 38 Support - 46 Washer
T Cap 17 Shell 37 Lead 37 Gasket 47 Screw
8 Coll 18 Key 28 Screw 38 Screw 48 Clip
9 Housling 10 Nut 20 Washer I Wick 40 Screw
10 Washer 20 Bushing 3¢ Bushir=t 40 Berew

A

Section view of self-contained Fairbanks Morse magneto.

RING MAGNET IMBEDDED
IN RIM OF FLYWHEEL

HIGH-TENSION COIL

Section view of flywhee¢l-type magneto.
Fig 2-1. Section view of magnetos,
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d. Spark pluga. If visual inspection of the igniton system indicates that it i8 func-
tioning properly, if there was a 8park at the spark plug high-tension lead. angd if
there is gesoline in the carburetor, removal of the apark pluga should be the next
dtep ip diagnosis and troubleshooting. Clean, gap. and test the epark plugs and
take a compression reading while the pluge are removed. Visual inspection of the
spark plugs will also give some indication of the condition of the inteynal parts.
Spark pluge which are loaded with dark olly carbon indicate that the engine 18 using
oll or that the 2-gtroke cycle fuel-oil mixture contains too much or the wrong type
of ofl. Overheated spark plugs usually have blisters or scale formationa around
the insuletor, and the electrodes are badly burned.

e. Internal engine parts. The compression test will indicate the general condition

of the valves and piston rings. Low compression that ehows a rise after adding

oll indicates defective rings. Low compresaion on two adjecent cylinders indicates
a defective head gasket. [f there 18 no change in the low readinge after adding otl,
defective valves are indicated. However. you should remember that the 2-atroke-
cycle enginse may or may not have valves; also that an engine can have compres-
slon that ie satisfactory for cranking and atill be unsatisfactory for power or econ-
omy of operation. Higher than normal compression readings indicete carbon
deposita.

{3} High oil consumption, By the time an operator becomes concerned about high oil con-
sumption, there are many other problems with the engine. But when an item 18 in for
some component or attachment repair you should check it for poseible high ofl consump-
tlon. Like other mechanicel problems. high oll consumption can be cauaed by many
things or a combination of things. Some of the more common causea are discussed below.

{a) Leaks. One of the easieat causes of high oll consumption to locate {8 external leaks.
Visually check all gaskets and seals. Dust and dirt will normally collect at these
pointe, but if it 18 very wet after use, further investigation is required. Check all
around valve cover and oll pan. Check the places where shafta extend from the
engine. Check the ofl-pressurc gage, lines, filters, and breathers. Do not confuse
ofl that ie dripping from the clutch compartment with transmission ofl. Thie oil must
be checked by feel and by amell to determine if it is coming from the rear engine oil
geal or the front transmission aeal. I some cases the clutch cover may require
removal before a decision can be made, When there 1s doubt as to the source of the
oil leak, clean the area thoroughly and run the engine long enough to atart the oil
leaking again,

{t) Crankcase ventilaiors. Some engine crankcases are ventilated through the carburetor.
It 18 possible for ofl to be drawn into the combustion chamber with the air from the
crankcase and burned. The system can be checked by removing the line between the
crankcase and the intake manifold or the carburetor, and checking for oil.

{c) Inteinal defecta. The compression check discussed earlier can detect some of the
high ol consumption causes, but not all of them. A quick check of the exhaust will
help determine if the oll is being burned with the gas. leaking from the gaskets, or
being blown by the exhaust vaplve guides. A dar't ecoty exhaust indicates that the engine
ofl consumption is from internal causes. If the soot is shiny and wet looking the oil
18 probably being blown by the exhaust valve suides without passing through the com-
bustion chamber. Excessive ofl use from internal sources may be ofl passing worn or
sticking rings. worn cylinder bores, worn valves or valve guides, or a defective head
gasket. OIll can show in the liquid cooling system, which indicates a defective head
ganket,

(9 Qverheating.

(a) Atr-cooled engines. Most overheating problems encountered with air-cooled engines
are caused by restricted air passages and overloading. Dirt, leaves, and other debris
lodgge between the corling fins and the ehroud, and block the cooling air. This will also
cause hot spota if only a part of the system 18 restricted. Other causee for overheating
are low oll level, low idling for long periods, and high speads or overloading, Incor-
rect carburetor adjustment. retarded ignition, and excessive carbon deposits within
the combustion chember will alao cause overheating.
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) Liquid-cooled. An insufficient amount of coolant in the systam is the primery ceause

for overheating. Chemicals added to the water, ruat from the engine perts, and
debria added to the cooling syatem will build up and restrict the normal flow of the
coolant through the syetem. Dirt, leaves, and other debris close or reatrict the air
passages through the radistor core and prevent proper cooling. Before meking further
checks, be sure there is a sufficient quantity of the proper oll in the engine. Deteri-
orated radistor hose, especially on the suction side, will sometimes collapse and
restrict the flow of the coolant. Some liquid cooling systems are pressurized to
increase the bolling point tempersture. A leak that prevents a buildup of pressure
will cause overhesting. Incorrect fuel, improper carburetor adjustment, and exhaust
restrictions will elso cause overheating.

(5) Unususl noise. Nolses sre the hardeat of all engine problems to diagnoee because

there are so many different parts inside and outside the engine thet are possible causes,
Although noise 18 the hardest to diagnose, it will sometimes sccompany some other
symptom. For example, an engine that is pinging will often have 8 lose of power,

slightly higher temperature. and sometimes be hard to start., A compression check will
probably indicate carbon buildup, or a check of the ignition timning will show that it is
advanced. To determine the cause first determine what type of nolse the engine is mak-
ing: knocking, rattling, clicking. pinging, etc. Then locate the place where the noise
can be heerd the loudeat, A stethoscope is the best instrument for locating the sounds,
but a welding rod or a plece of wood will serve the purpose. Place your thumb tightly
over the end of the rod or wood and then put your thumb ln your ear and move the opposite
end of the atick or rod about the engine to locate where the sounds seem the loudest.

After the sound hes been pinpjointed, you can determine which part 18 causing the problem.

(a) Knocking. Most engine knocking is caused by worn internsl parts. A dull thud or knock

when the engine is loaded Indicates loose main bearings. A metallic knock that s
loudest when the engine ie idling at about 2, 000 rpm indicates l00o8e rod bearings.
Piston pin knock and ro knock are difficult to tel) apart, but the piston pin produces

& double knock which 18 ususlly heard when the engine te idling. In addition to loose-
fitting parts, low or improper viscosity oll will sometimes cause a knock. Since oll
film reduces friction between the metal parts and acts 88 a cushion to prevent knocking,
if the ofl film is 100 thin or insufficlent, the two parts hit and produce the noise, A
maein bearing knock will be heerd loudest near the grankehaft along the crankcase where
the meoin bearing 18 located. Connecting rod noise wil) probably be heard loudest in the
lower pert of the crankcase: plston pin knock along the upper part near the particuler
cylinder. When you short out the spark plug for that cylinder. the mein ani connecting
rod besring knock will be reduced or disappear; but it will cause a piston pin to knock
more severely, Some of the amall engines use ball and proller bearings which mey elso
produce s grinding noise. Bent parts can alsc cause knocking nolses. Loose main or
rod besrings sre also aseociated with low oil pressure, but pome parts that are not
pressure-lubricated may be loose. In guch a caee, the engine would knock but ha'.e @
good ol pressure. Other knocking nolses can be caused by the gear train, flywheel,
crankehaft pulley, camehaft, fuel pump, and water pump.

() Clicking. A rapid clicking nolse that is continuous, but more pronounced when ac-

celerated under load 18 probably caused by excessive valve lash, Clicking under load
when accelerated is normal for most engines, but the noise should disappear 8s the
engine gaine speed and during normal idle. H the nolse does not diseppear, check the
valve 1ash and the engine timing. Carbon deposits in 8 cylinder will also ceuse a
preignition ping.

(c) Miscellaneous nolees. A aqueaking noise is often heard when an engine 18 accelerated

rapidly. A loose or worn fan belt will slip and cause squeaking. If the belt is stil)
servicesble, check the edjustment; it proper adjustment does not stop the squesk, rub
the belt lightly n two or three places with a har of soap. Dry or defective water pump
bearings will cause a squeaking noise. Some pumpa have luba fittings so that greasce
can be added; others have plugs or no way to lubricate and require replacement.
Squeaking or grinding notses can also be caused by the timing gears or at any place
where two metals rub together. Mont squeaking or grinding nolses are caused by

lack of lubricant, maladjustment, or defective parts,
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{8) Low ofl pregsure. The mont frequent cause for low ofl pressure is lack of oil or im-
proper visconity oil for the temperature. However, the proper grade of ofl can become
diluted with fuel leaking from the fuel pump or by the pistons of a flooded engine. If
an engine used in extremely dusty areas does not have its ofl and filter changed frequently,
low oil pressure may develop because of a clogged system. A defective ofl-pressure gage
will sometimes show a low reading even though the oil pressure is good: worn parts, such
as main, connecting rod, or camshaft bearings. that are pressure-lubricated, will allow
the oil to bypase and cause low pressure. A defective oil pump or pressure relief valve
phould be suspected if all other parts appear to be eatisfactocy or are not worn exces=
éively. The best remedy for low oil preseure {8 to change the oil and filter and be gure
the engine {8 refilled with the proper oil, If the parts require replacement, be sure that
all passages are cleaned and that the ofl pump and relief valve are functioning properly
before reinstallation.

{7) Loss of power. An engine adjusted to operate at low altitudes will not perform as
efficently at high altitudes, Since most Marine Corps buses and campe are located
close to sea level, you should consider the altitude when hearing a complaint about
lose of power. To correct the problem, a change in ignition timing and carburetor
sdjustment may be required, The moat common csuse for 1osms of power {8 miafiring,
usually caused by one or more of the following: fouled spark pluge, defective conisct
points, incorrect lgnition timing, contaminated or improper fuel, or defective valves.
The wrong type of spark plug or a 1oose one will canse a misfire, ‘The plug may be
too hot or looseness may not provide gsufficient cooling. The contact points can be
dirty, pitted, incorrectly adjusted, or have a weak spring. The valves can be burned, be
loose In their guides, or have weak or broken eprings.

{8) Defective cranking motor, Before removing U.e cranking motor, be sure the battery
has sufficient power, the conductors are in goo ' condition. the terminals sre clean
end tight, and the switches are operating proper!y. 1f this fails to help then check Table 4-13
Cranking Syetem Troubleshouting.

c. Repair. Once the engine problems have been '.cated and the initial parts requested, the
preliminary repair work can begin, The parts or components requiring removal or adjustment
to effect repaire should be thoroughly cleaned. Eliminate as many poesible causes for abrasives
getting into the engine as practicals Steam i8 & good means of cleaning engines, but it harms the
electrical conductors. The heat of the steam causes the insulation to become hard and prittle and
the water that penetrates 18 difficuit to dry or remove. An approved cleaning solvent is probably
the best cleaner for gasoline engines. Apply a golvent, such as gunk, and allow it to stand for
about 15 minutes before washing with water; give the solvent time to penetrate the caked grease
but do not allow it to dry. Use solvent: with caution and do not spply to & hot engine. After the
engine has been cleaned and s space prepared in the shop or where the repairs will be made, the
engine or component can be disassembled and repairs started. The emaller engines can be
placed on the workbench for easier, faster, and betier reépairs, but the larger engines are some-
ti'nea more difficult to remove than to repair on the machine, Some facilities have engine stands
whirh are used if the engine must be removed.

(1) General procedures. The type of repair necessary will normally determine where it
Wil be done and how much preparation will be required, For example, there {8 no
need to remove the engine {i: order to repair the magneto unless the magnéto 18 located
in such a position that it can’t be rcmoved, Remove only those components that require
repair or that must be removed to gain access to the part requiring repair, If the engine
must be removed and will be teat run before reinstullation, remove all the components
required for operation. Observe the bolts, pamkets, seals, and parts as they are re-
moved so thut they can he reinetalled in the same place. For example, some bolis ere
longer than others or have different threads and must go back to the same place, The
exterior of some parts look the same, but a small passage on the inside could be biocked
and cause further damsage if installed upside down. When only & component is removed,
the ares and openings where it was mounted must be protected from weather and dirt;
plug the lines and openings and protect the machined surfares sgainst rust and corrosion.
e careful when uning force during digasrembly. Some parte or componente may have
an internal part that could be damaged if not removed before the two plecus are separated,




Atter the parts have been removed. clean and checx them thoroughty for wear. cracks,
alinement or original shape, cleanlineas, corrceion, and adjustment. Replace all parts
when there 18 doubt about their serviceability and they cannot be repaired. Some com-
ponents are sealed and should not be disassembled unless repair of the component i3
within your echslon of mainttnance. The component 18 replaced or referred to the prop-
er echelon for repalr. After & sealsd unit has been repaired and adjusted, rceeal the
component. Reassembly 18 usually the reverse of disassembly, but some parts may
require inatallation before the preceding part can be tightened. Check the nut and bolt
torque in the specific TM for the machine. Replace the gaskets during reassembly, but
‘be sure to use A gasket of the correct thickness; {n some places a thicker ganket will
change the bearing preload and the end thrust of & phaft., Some Baskets are also hsat-
resistant and must be replaced with & gimilar type. Waterproof and fungus-proof systems
require specicl attention to insure that they are dry and properly eealed during installa-
tion.

(2\ Briggs and Stratton. There are several models of this engine, but the discussion will
cover suificient detalls go that you can study the technical prblications for the other
engines. All possible problems cannot be foreseen and only a portion of the mainte-
nance 18 discussed in this text.

@) Ignition. Some of tho items you will find when diagnosing the engine problems are
a weak 8paik, no spark, or fouled spark plug. Do not replace any parts if the engine
has another problem that requires repairs until all problems have heen diagnosed and
a decision to repair has been made.

1. Spark plug. Remove the high-tension lead from the spark plug, then remove the plug.
C&an ﬁ spark plug with a candblasting plug cleaner ard tester. Be surs that all
carbon deposits are removed from the insulator, the shell, and the electrodes. I
the plug is burned or unserviceable, replace it with a new onu. Before inetalling
either the olu or a new plug, check and set the gap as prescribed in the TM {(usually
.025), Use a new gasket, acrew the plug into the hole and tighten it anugly or to the
specified torque if given. It muost be tight enough to seal the compreasion, but not so
tight that it will distort the plug and change the gap or damage the threads.

18

Flywheel-type magneto. The cause may be due to & malfunction or & defective part
within the magneto. Remove the cranking pulley or device and the cowling to expose
the engine flywheel. Remove the crankshaft nut and flywheel. Moet flywheels have
bolt holes 8o that a puller can be used to remove it. After the flywheel s off. you
will see a part of the magnet in the flywheel and the reat of the magnete attached to
the engine. The magnsts should be tight and etrong. They are pressed into or bolted
to the flywheel with dowel guides for alining, and are difficult to remove and install.
Do not drop or bang the flywheel around; this will loosen the magnet and possibly
break some of the fins off the cooling fan. Check the contact points. Replace them
if they are pitted, burned, broken, or have a weak or broken spring. They should
be alined so that the contact aurfaces make full contact, Check the plunger or the
rubbing block for wear or binding and the cam surface that forces them open for
wear. Check the condition of the electrical conjuctors and connections. The con-
denser will seldom go bad, but if there is doubt. reblace it. Contact points that are

padly pitted indicate a taulty condenser, corroded or ioowe conductors, or dirt and
grease. The coil will seldom be bad, but if it shows signs of insulation cracks due
to age or heat, it should be replaced. Both the coll and the condenser can be tegted
with test equipment. Check the spark plug high-tension lead for inmulation cracks.
shorts, and continuity. Check the crankshaft for movement, endways or asidsways.
Movement in excasn of that specified in the TM could affect the contact point gap
and the magneto operation. I all parts are good or new paris ars available, put
some lubriplate on the plunger or rubbing block and install, After all parts have
been inetalled, adjust the contact point gap to the apecifications linted in the TM
fusuelly . 020 in.}). Some units aleo require adjustment between the contact block
as flluetrated in figure 2-2,




Fig 2-2. Adjusting contact points and contact point epring.

() Carburetion, Only a few of the repair facilities for engineer equipment have the
tools to disassemble and repair carburetors. It {8 also difficult to get repalr kits.
But most problems with carburetion are not in the carburetor. Before removing
the carburetor, check the intake manifold gasket, fuel tank and lines. and the air
cleaner. Be gure the tank has enough clean fuel., Be sure the ajr cleaner ig not
clogged and acting ae a choke. I the cerburetor has fuel running out after the tank,
lines. and ajr cleaner have been found good. remove the gasoline line connection at
the carburetor and blow the debris out of the float needle valve. Once You have
stopped the gasoline drip and there ere still carburetion problems, check the gaskeis
between the carburetor and the intake manifold. and the manifold and the cylinder
head. If they are setisfectory, reedjust the carburetor. The initial setting 18 made
by completely closing the needie valve {fig 2-3) and then backing it out 1 to 11/4
turne; turn the idle adjustment screw in and back out 1/2 to 3/4 turn, When closing
the adjustment, be sure they ere seated, but do not force or the valve will be dam-
aged. If the engine faile to atart, replace the carburstor and make the initial ed-
justments as discussed above. The final adjustment can be made after the engine
has warmed up; turn the needle valve in or out until the engine operates smoothly
under loed. Adjustment of the idle-adjusting screw affecte the engine operation
during idling peniods.

{c) Governor. There are very few gmall gasoline engine problems that can be traced
to the governor. Most problems that appear to be the governor are caused by mis-
firing spark pluge or incorrect carburator adjustment. However, binding linkage,
worn governor parts, or {ncorrect adjustment will cause the engine to function im-
properly. Some governors opeératé from emount of air flow created by the
flywheel whlle others are gear-driven. In either cese the parta should operate
freely. The springs ghould be connected and adjusted properly. WNote the notthes
in the governor lever in figure 2«3, By moving the apring cloasr to the fulcrum

(governor ehaft}, the governor will become more sensitive, Turn the adjusting nut

on the governor rod to adjust the engine rpm. The engine should idle at approximately
1, 200 rpm, but check the epecific TM for the particular engine. If the governor lever
has hecome loonened or has been removed, reset by loosening the gcrews In the lever
and pushing the lever down. While holding the lever down, turn the governor ghaft
clockwise to the etop and tighten the gcrews.
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GOVERNOR ROD
[ ADJUST ING WUT
— SPRING
a1

Figi2-3. Small gasoline engine carburetor and governor linkage,

() Valve mechunism (fig 2-4), Defective valves can cause the engine to misfire, back~
fire, or fail to start. They can be repaired or replaced with little difticulty by re-
moving the cylinder head, carburetor snd intake, and the exhauet; then removing the
valves for examination and repair. Clean the carbon and gum deposits from the valvee
and the valve geate. Check the diameter of the valve stem for weur and the valve face
for wear or pits. Check the valve seat for pits and cracks. Check the valve springs
for tension and breaks., Use a new valve stem and check the valve guides for wear,
Replace those parts which cannot be repaired. I the valve face can be repaired and
the stem is good, reface it on the valve-refacing machine. Reface the valve seate and
clean thoroughly t0 remove the valve-grinding compound. Install the parts and adjust
by turning the engine until one valve spring is completely compressed and then adjust
the other. On some models of the engine, the valves must be removed and the end of
the stem ground to obtain more clearance, If the engine is completely dissssembled,
the cam lobes, camshaft gear, and the epark edvance for gear-driven, self-contained
magnetos should also be checked,
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TT=— EXHAUST VALVE

. ty— VALVE SPRING RETAINER (4 rqr)

INTAKE VALVE ——
Qg S VALVE SPRING SEAT (2 rqr)
VALVE SPRING RETAINER (41q¢)  _——{n (= o
VALVE SPRING SEAT (3 sqr) EXHAUST VALVE SPRIN
INTAKE VALVE SPRING ROTATOR ASSEMBLY
VALVE LIFTER
VALVE SPRING SEAT _ u
VALVE LIFTER

Pl i
064 \ CAMSHAFT

T CAMSHAFT pLUG

Fig 2-4, Exploded view of valve mechanism.

(e} Crankshaft and related parts.‘ The crankshaft and its related parts are usually re-

moved when major repalrs are required. The connecting rod and piston can be re-
moved without disturbing the crankehaft, but it should be checked anyway. Check the
end play, mai: bearing condition (ball bearings), and the crankpin, The end play is
adjusted by adding or removing gaskets petween the creankcase and the bearing support
asaembly. ‘The crankshaft can be removed through the hole covered by the bearing
support assembly. The bearinge are pressed onto the ghaft and will require a puller
for removil, Check the diameter of the crankpin to yee If it {8 out-of ~-round or worn,
The connecting rod bearing is the poured type that requires replacement of the connect-
ing rod and cap if defective. Inatall the cap on the rod, torque, and check the diam-
eter of the hole, Before the piston can be pushed through the top, the rtdge formed

in the cylinder must be removed to prevent breaking the piston ringe. Check the
cylinder bore and the piston for out-of-round and wear. Check the ringe for clean~
linees and wear. Remove the rings from the piston, iratall in the cylinder bore,

and check the gap. Check and replace the piston pin if necessary. When inatalling
the piston and rod asaembly, stagger the ring gaps around the piston 180° from each
other. Inatall the asgembly o that th¢ cam clearance flat i8 toward the cam gear and
the marksa on the connecting rod match those on the cap. After the crankshall and re~
lated parts have been installed, turn the crankehaft at least two full revolutions to be
certain the connecting rod does not strike anything. Also check the timing marke on
the gears to Ineure proper timing of the engine parts and components.

{3) Wisconsin,

(s} CGeneral, Many of the repair procedures for the Wisconsin gasoline engines are gen-

erally the same a® for the Briggs and Stratton engines, but specifications will be
different, Wisconsin @lao makes larger air~cooled engines. One application of the
larger engine is the V~four used on the 350-gpm dispensing and transfer pump of the
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amphibious assault fuel vystem, The Wisconsin engines also operate on the 4-stroke-
cycle principle and use either the self-contained or flywheel-type magnetos. Jiowever,
most are equipped with the self~contained magneto.

{) Controls, The chnke control and ignition switch are located on a panel at the flywheel
end of the engine. The throttle control, vacuum gege, oil-pressure gage, and tachom-
eter are on the instrument panel. All of the controls and instruments are potential
problem areas,

{c) Ignition. The V-four and some of the single-cylinder engines sre equipped with self-
contained magnetos that sre shielded to heip prevent radio interference. Molature
probably causes most ignition problems, but the location of the ignition switch on the
V-four engine will also cause trouble. The switch closes the circuft to ground out the
magneto primary circuit and stop the engine. A defective switch or conductor can
ground out the magneto and prevent starting or proper operation., Shielding around
the systam provides a good ground for any electricity that leaks out of the defective
part. [t is usually easier to remove the magneto to make repairs than to attempt
repairs while it is instelled on the engine. The contact points, condenser, coll, con-

. ductors and connectiona, and the mechanical parte ghould be checked and replaced if
necessary. The magneto must be properly timed to the engine when installed. Re-
move No. 1 spark plug and crank the engine slowly untfl you can feesl compression.
Then aline the edge of the marked flywheel vane with the mark on the shroud. Re-
move the inspection plug and install the magneto so that the marked tooth on it is
viefble through the inanection hole. I the engine has more than one cylinder, be sure
the correct high-tension lead from the magneto is connected to the proper spark plug.

{d} Carburetion. The V-four engine has a fuel pump to supply the carburetor. The pump
has a lever which allows the operator to pump gasoline to the carburetor by hand. If
the float circuit 18 not working properly, you can force gasoline into the engine with the
lever and flood the engine. A clogged aip cleaner will restrict the air passage, reducing
the air flow to the engine cauaing a rich mixture. In addition to the normal gasket and
manifold leaks, some engines are equipped with & vacuum gage which can cause trouble
if it or the line is defective. Any leaks which allow additional aipr to enter will change
the air-fuel mixture ratio (too much atr for the fuel) and cause improper engine
operation.

(4 Military standard engines.

{a) General. The L 1/2~ and 3-horsepower (hp} military standard gasoline engines are
air-cooled, 4-stroke-cycle, overhead valve, gasoline engines. ‘The L0- and 20-hp
engines are the spame _Xcept that the cylinders are horizontally opposed. The military
standard engines have one or more cylinders depending on size. Although these engines
were designed and produced to meet military standards, the basic fundamentals and
principlea of operation are the same as for other 4-stroke-cycle engines. Cranking
motors and battery-charging components are standard equipment on the 10- and 20-hp
engines and can be installed on the 1 1/2- and 3-hp engines. The military standard
engine has a life expectancy of i, 500 hours at the rated full load and speed bhefore major
repairs are required (compared with 100 to 500 hoars for other air-cooled gasoline
engincsl.

() Ignition. The 10- and 20-hp engines use a self-contained magneto which requires the
eame repairs as other self-contained units, The 1 1/2- and 3-bp engines are equipped
with a magneto that is different from the other magnetos explained in thia text. One
part of the magneto is similur to the flywheel type and the other part is contained in
the governor accessory case. The contact points und condenser are in the accessory
case while the magnets for generating the primary circuit current and the coll are
located behind the flywheel. The spark plug high-tension leads are connected to a
terminal block near the coile, Repairs are made cavler because the contact points
and condenser can be replaced or adjusted without removal of the flywheel. Only
the accesfory case cover is removed to adjust or replace the contact pointe. However,
moisture can cause more trouble because of a leaky accessory case cover gauket or
loose parts. Co. densation can also cause enough moisture to ground out the ignition
system, All models are equipped with ehielded electrical and ignition systems which
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cun causc A grounded circuit. Before attempting to time the 1gnition of these engines,
it is important to know what model engine is being repaired. The 1 1/2- and 3-hp
engines are timed by rotating the flywheel counterclockwise until the intake valve
clodgcH; stopping when the JIGN mark 1s on line with the pointer. The intake valve on
the 2-cylinder engine must he the one nearest the flywheel. With the engine set,
rotate the eam (item 11 in,fig 2-5) until the lower goints just begin to open, Fov the
2-cylinder engine, rotate the flywheel another 180" and line up the marke. Then
check the upper eet of points. Do not rotate the cam to time the upper set of points;
#djunt the gap untll the pointa just begin to open,

1 Washer, fist, No, B 3 Washer, lock, BT, No. & Con sasem ’ [}
2 ar!f."‘ﬂ.em. hex- 4 ('sr:a'e-lt::?ﬂ  { ('o':’i'f:‘ "’m:’ 10 3':;{,“"".:: N
1 ' . Ton et . y
, N B32 2 e i Aceeasory csss 0378 uf (3 rqr) (unt?ct. bly 2
n. (1 wqr) 8 Conwelor o 1] Il‘:l?l.lunum
Fig 2«5,  Two-cylinder engine contact assemblics, adjustment and removal points,

‘The 10-hp cngine {8 also @ 2-cylinder engine, but the timing marks are lined up by
removing the No, 1 spark plug and cranking the engine until you feel compression,

then alining the flywhcel and housing marks. The camshaft and magneto geer murks
must ulso be alincd, The flywheel mark will be top dead center (TDC), but for check-
ing¢ with .t timing light the mark will be IGN, No, 1 cylinder of thy 10~ and 20-hp
eonptines i murked on the engine cowling, The 20-hp engine timing (fig 2-8) is basically
the same us the 10<hp execpt that the magneto 1s rotated Ho that it will impulse and fire
No. 1, then Impulse three morve times. The camshaft and mupneto pear marks are
then alined when Installing,  Tgnitlon of thene two engines can be advanced or retarded
slightly by loosening the mounting holtd and rotating the magneto,
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HOTE: FIRING ORDER 1S |-4:2.3,

TOP DEAD CENTER
TIMING MARK
" R—y

FLYWHEEL HOUSING ¢ B CAMSHAE T GEAR
RK IGHITION TIMING
— MAR
-2l

STEP 1. REMOVE SPARK PLUG FROM HUMBER STEP 3, WITH TIMING MARKS ALINED AS

ONE CYLINDER DESCRIGED N STE! 2, THE CAMSHAFT

STEP 2. INSERT THUMB W tPAMK PLUO OEAR 101, ON TIMIND MARK WiLL

HOLE AND TURN PULLEY UNTIL AIR APPEAR TN OPENING IN TIMING OEAR
ESCAPING BY THUMD INDICATES COVER,

HUMBER ONE CYLINORR |5 O% COM-
PRESSIGN STRORE, GONTINUE TO
TURN UNTIL TOC TIMING MARK
ALINES WITH ELYWHEE L HOUSING
MARK, IHSTALL SPARK FLUG.

NOTE: POSI‘I’ION MAGHE TO GASKET ON MAONETO
SEFORE INSTALLATION,

MAGNETO GEANR

CANSHART GEAR
IGNITION TIMING
no-reln “THE MAGNETO WUST Bt INPULIEG STEPI. TURN ma %%SUOHTLY AND
YO DETERMINE NUMSER ONE CABLE, posTia d::. fom JHAT MAGNETO
STES 4. NEMDVE CABLE FROM NUMBER ONE GEAR [GNITION TMIING MARK ALINE,
SPARK PLUD AND NOLD END ONE-

llﬂl‘lﬂl INCH £ ROM SHROUD OR MAONETO
CASE, TURN MAGNETG GEAR CLOCKWISE
UNTIL MAGNETG IMPULSES AND SPARK
GCCURS, IMPULSE MAGNETO THREE
ADDITIONAL TIMES,

Fig 2+6. Magncto alinement and positioning (model 4A084-11).
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{c) CGoverno . Maximum rpm of the military standard gesoline engine is conirolled by a
governor. The apeed of the t 1/3- and 3-hp engines ia regulated by shortening or
lengthening the control rod that extends from the accessory case up to the carburetor
throttle lever. Surging or por spead regulation {8 eliminated by turning the carburetor
idle adjustment needle., The starting point for adjusting these governors is to disconnect
the control rod from the throttle lever and hold the control rod and lever down. Raise
the throttle lever 1/16 in, and adjust the length of the centrol rod 8o that it can be con-
nected. Note that on some engines the control rod is clamped to the throttle lever and
can-be extended by loosening the clamp while the other control reds have a clevis that
screws (n and out to extend or ghorten them. Adjustment to the 10- and 20-hp engine
governors {8 more complicated than in the amaller engines. The governor and tachalne
eter are driven by the camshaft gear through the magneto gear. The governor ia
removed each time the magneto {2 removed and will require adjustment. There are
more linkeges and adjustments on the governor of the larger engines. Beiore the
govenor is adjusted, the engine ignition and carburetor must be adjusted and operating
properly. The engine must be at operating temperature before making the governor
adjustment. The governor adjustment procedures for both the 10- and 20-hp engines
are explained in figure 2-7,
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Step 1,

Step 2.

Loosen locknut **A** and turn minimum-epeed stop gerew counterclockwise 4 qurns to
prevent engine overspeed,

start engine and allow to warm 30 minutes.

Step 3. Loosen governor control knob and place governor control in govern position (toward

Step 4.

carburetor). Tighten knob.

Apply load and turn minimum-speed stop gerew clockwise to obtain engine speed of
3.600 rpm. Tighten locknut **A.**

Step 5. Disengage load and check engine speed. [f apeed doee not exceed 3, 708 rpm, no further

adjustment {g necessary. If epeed exceede 3, 708 rpm, perform stepe 8 and 7.

‘1.oosen locknut *'B** and turn governor spring adjuetment nut clockwiee 4 turns to reduce
no-loed speed. Tighten lockmut *'B.**

Step 1. Perform steps 4 and 5.

1f no~load speed is adjusted too close to 10ad epeed, instabillty or hunting will occur.
If instabllity occure, adjust governor spring adjuetment nut to obtain no-loed epeed of
3,708 rpm; then perform steps 4 and 5 to obtain stability.

¥ig 2=7. Governor adjustments for 10~ and 20-hp military standard gasoline engines.

(d) Lubrlcatlon eystem. The 1 1/2- and 3-hp engines are splash-lubriceted and rely on
the proper amount of the proper grade of oil for lubrication. The 10- and 20=hp
enginee ere pressure-lubricated and uee s gear-type oll pump to force the oil through
the eyetern. A defective oil pump, clogged syatem, or leck of oil can ceuee many
problems. The ofl pump {8 similar to other gear-type pumps, but 1t ie 1ocated behind
the flywheel which must be removed to repeir the pummp. Some engines are equipped
with an emergency phutdown device that operates from the ofl pressure. A loee of
oil preesure will short out the magneto. These larger enginee are al8o equipped with
hydraulic valve tappets which fell to cperate properly if the engine oil le too low or
becomes contaminated. ‘The oll pump gears are boused in the ¢rankcase of the engine
and requlre replacement parts: The pump ie not replacesble ae an assembly.
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(e) Cylinders and eylinder heads. The military standard gesoline engines are valve-in-
head type engines; the valves can be adjusted be removing the rocker coveras. The
cylinder heads and the cylinders are replaceable, but special tools are required for
their removal. Therefors, a valve job cannot be done without the special wpanch to
remove and install the eylinder head. Figure 2-8 shows the spescial wrenoh being
used to torque the cylinder heads. If either the cylinder head or the cylinders are
removed. replace the gaskets before reinstalling.

L—n [

v Torque wrench 2 C¥linder besd put 3 Adabter, % to % In
: “torue weene
adapter

Fig 2-8, Cylinder head nut torque wrench adapters.

d. Troubleshooting. When diagnosing engine malfunctions, consider and check all possibilities.
The following charts will cover some of the malfunctions of gasoline and diesel engines, the causes
and possible remedies to correct them.

Table 2«1, Troubleshooting Cnart for the Gasoline Engine

Symptom Probable cause Corrective action

1, Engine fails to turn

». Cranking motor inopers 1. Corroded or loose termi® 1. Clean and tighten,
ative nala (including ground), Replace 2able if
necessary,
2, Faulty battery. 2. Recharge batteries

or replace if neceasary
3. Broken conductors. 3. Replace,



Table 2-1,

Troubleshooting Chart for the Gasoline Engine--contd

Symptom Probable cause Corrective action
b. Engine oil too heavy lor 1. Use of incorreéct viacosity 1. Drain and refill with
temperature oil, propar grade ojl.
c. Internal seizure 1. Bioken or damaged parts 1. With clutch disengaged.
or fluids . cylinder(s). tranemission in neutral.
remove spark plugs and
attempt to turn engine.
Failure to tarn ndicates
damage requiring repair
beyond organizational level.
2, Engine turne, but faiis
to start
a. Insufflicient gasoline to 1. Empty gasoline tank. 1. Fill with gasoline.
engine 2. Gasoline shutoff valve cloged. 2. Open shutoff valve.
3. Gasoline strainer clogged. 3. Clean gasoline strainer.
4. Water in gasoline. 4. Drain gasoline tank,
strainer, and carburetor.
5. No gasoline at carburetor. 5. Clean gasoline fuel line.
Check and correct linkage
between carburetor and
campreasion release
mechanism,
b. Fuel-air mixture too 1. Carburetor choked too 1. Push in choke control;
rich much. wait a few minates;
attempt to ptart,
2. Dirty or damaged float 3. Replace carburetor.
neadle valve or improper
float setting.
c. Engine not turning laet 1. Baiteries low in charge. 1. Recharge or replace
enough batteries.
2, Loose connection, defec* 2, Clean and tighten con-
tive conductors or switches. nections. Replace con-
ductors or awitches.
3. Deflective cranking motor. 3. Test and replace if needed.
d. Faulty ignition syetem 1. Broken ignition circuit. 1, Check eleciricai wiring
from battery through igni~
tion switch, manifold awiteh.
distributor. and ground.
Clean and tighten corrcded
or loose connections. Replace
damaged wiring.
2. Wet or louled spark plugs. 2. Remove, clean, gap. rein-
stall,
3. Cracked or broken spark 3. Replace.
plug {nsulators.
4. Deflective manifold switch. 4, Repair or replace.
5. Wet or defective distributor. 5. Clean, dry, and repair as

needed.
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Table 2-1.

Troubleshooting Chart for the Gasoline Engine--contd

Symptom Probable cause Corrective action
3. Engine misses and back-
fires
a. Water in gasoline 1. Contaminated fue! oupply 1. Drain gasoline fuel
ot condensation. syatem, clean sediment
bowl and strainer, and
refill with clean gaso-
line,
b, Incorrect firing order 1. Improper inatallation of 1. Check and correct spark
spark plug leads. plug high-tension lead
inatallation,
2. Improper installation of 2. Check and correct instal-
distributor cap. 1ation of distributor cap.

4. Engine doee not devel-

op full power--uneven

operation
a. Insufficient air to en- 1. Clogged air intake system. 1. Remove, olean and

gine service air oleaner,
b. Air leaks around intake 1. Loosae bolts and nuts. 1. Tighten to proper

manifold torque.

2, Defective gasket, 2. Refer to higher echelon
for replacing.

e. Poor fuel 1, Improper grade. 1. Drain and refill with
proper grade of fuel.

d. Internal wear or damage 1. Defective valves or piatons. 1. Refer to higher echelon
for repair.

5, Excessive oil consumption 1. Oil leaks. 1. Check and repair.

2. Improper lubricant, 2. Drain and refill with
proper grade of oil.

3. Overheating engine. 3. Check and correct,

4, Overfilling. 4, Check proper sgide of
gage end 1ill only to
apecified lovel.

8. l.o88 of engine oil preagsure
a8, l.ow oll level 1. Normal use or leaks. 1. Determine cause and filf
with proper grade of oil.
b, Clogged oll filter 1. Operation in dusty con- 1. Change filter elements.
elements ditions and not changed
often enough.
e. Defective oll-pressure 1. Broken indicator. 1. Replace.
indicator or line 2, Crimped or broken line. 2, Replace.
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Table 2-1, Troubleshaoting Chart for the Gasoline kingine--contd

Symptom Probable cause Corrective action

7. Engine noiges

a. Sharp rap at idlo l. Loose pistan pin. l. Locata faulty pin by
short-circuiting spark
plugs or venting
nozzlea until noise
stops. Refar to higher
echelon for rapair.

b, F{at slap when increass- l. Piston slap. 1. Refar to highar echelon
ing epeed under load for repair.
¢. Metallie knock whan l. Faulty connecting rod l. Refer to highar echelon
idling or slowing down bearing. for repair.
that disappears under load
d. Constant knocking l. Low engine-oil level. 1. Check and flll to proper
level.

2, ‘Overhaating, 2, Check coolamt and oil
fevel. Raflll to correct
level.

e, Constant rapid clicking l. Incorrect valve adjuste 1. Adjust to specified
ment. clearance.

f. Combustion knock 1. Improper engine ‘emper- l. Keep tamperature at
ature, oparating lavel.

2, Poor fuai or water in fuel. 2, Drain amd refill with
proper grada of clean
fuel,

2-3, DIESEL ENGINES

a, Introduction. Diesel engines are used in many items of construction engineer equipment.
There are many makes, modela, and eiZes, each designed to perform a spacific job. The dieael
engine principles of operation are similar to those of the gasoline engina; howaver, the diesel
engline ia usually heavier than the gasoline engine of aqual horsepower. The main difference
betwean the two eéngines is the method of ignition. The diegel engine yses heat of compression
to ignite the fuel. Another differenca in most, but not all, engines ig the method of getting the
fuel into the combustion chamber. The dissel engine yses 8 fuel injection system while mosat
gasoline engines uge a carburetor. On the intake siroke, the diesel engine drawea In air only.

The air 18 then compressed enough to raise the temperature sufficiently to ignite the fuel when

it |g injected. The fuel injection system meters the fuel, injects it into the cylinder at the proper
time fur ignition, and atomizes it. Swirling motion of the compressed air, and heat help vaporize
the fuel and mix it with the air for burning. The Detroit diesel (often called the Jimmy) {a the
most widely used diesel engine in the Marine Corps. It is a 2-stroke-cycle, water-cooled engine
made in many different eizes with V or in-line cylinder arrangements. Although other makes of
dieeel engines are used by the Marine Corps, only the Detroit diesel ia discussed in t{:is para-
graph.
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b. Diagnosis.

(1) Introduction. You diagnose problems an the diesel engine about the same a8 you do on
the gasoline engine. It 18 a matter of locating tho problem and {solating it 8o that re-
paira can be made. Although the engines pre slinilar, cleanliness within the diesal is
more important than on the gascline engine. DMrt in the fuel system of a gasoline engine
does not affect ita operation as much as dirt in a diesel fuel system. Loas of compres-
eionon the Jieael engine 13 more notlceable than on the gasoline engine,

(2} Diagnoaing malfunctions, Diesel engine malfunctions can be caused by one part or a
combination of defective parts, componcnts, and systems. All possible cuuses must
be checked when you diagnose malfunctions. If the malfunctica I8 not caused by a part
directly related to the problem, look for defective parts or components in another
system which may affect the area where the problem {6 located. For example, the
engine 1s losing power and has an excess of white emoke. The cause can be low com-
pression caused by worn cylinder parts or bed valves. It could also be caused by a
reatriction in the air intake syetem or improper fuel. It could alsn be a defective or im-
propaerly udjusted fuel injection aystem. ‘The following paragraphs will discuss some of
the malfunctione and methods used to locate their cause. The TM contains a list of prob-
lems. their poesible causes. and the remediss. Before attempting to dlagnose
ralfunctions in an engine, perform all the before~operation services and checks.

{(a) Engine fails to turn, The diesal enginea used by the Marine Corps are cranked by
an electric cranking motor. There are geveral places that are potential problem areas,
hut a quic'. check of the battery terminais and connections 18 the most logical place
to stert. Be sure they are clean and tight and the battery has sufficient charge. ‘Then
trace the path of the current flow and check for loose, corroded, or broken connections,
including the ground circuit. If all parte are clean, tight, and in good repair, the
problem could be in the gtarter switch, solenold, cranking molor. or it could be inter-
nsl seizus e of the engine. Try turning the engine backwards while listening for unusual
noiees. If it turne back eanily, try rotating it by hand in the normsl running direction.
If the engine rotates freely in both directions, the problem is most likely in the crank-
ing motor which requires test equipment to check. If it rotates back but not forward,
water in a cylinder could be the problem. ‘his water could leak by a defective head
gasket, through a crack in the cylinder head, or by a defeclive injector tube. Fallure
to turn in either directiort could be caused by a defective attached component or other
damaged parts within the engine.

(b kugine turns but fails 1o stgrt, A diesel englne must have an adequate supply of alr
cnmpressed to a sufficlently high compression pressure, the proper amount of fuel
injected at the right time, and the proper cranking epeed before it will pteri. Fallure
to meet any of these requirements will result in a fuilure to start or abnosmal operation,
The cranking speed {e easily detccied, 80 most problems encountered will be causcd hy
lack of air or fuel. Some of the engines are fquipped with ssfety devices which auto-
matically shut the fuel or air off if the engine reaches a danger point during operation.
They are usually electrically operated sending unite mounted where they can be actu=
a‘ed by excese heat, low oll pressure, overspeed of the engine, and some by a mal-
function of the driven component. They serve ae switches to control a solenold which
atope the flow of luel or resiricts the air. These devices are connected by electrical
con-uctors which cause most problems of hard starting. The conductore short out,
ground out, or break, caueing the parts to malfunction. Slow cranking epeed is ueually
caused by low battery output. ¥ the batteries are good. check the connections and
cranking motor. Improper oil for the iemperature will also cause slow cranking
speed. In cold temperatures, cold-westber otarting alds are provided to assiet In
cranking the engine. Fallure of the system to function properly will result in failure
to start or hard starting. Whether the starting aid i8 the fluld type or the alr heater
type, it must runclion properly and be used correctly to perform {its functions, Binding
or broken linkage or other defects in the governor can shut the fuel off and prevent the
engine from stariing. In extreme case, bad valves or worn cylinder parts will
prevent the engine from starting by failing to compress the air to the high compression
requtred for ignition.
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¢! Uneven running or frequent stalling. Tha diesel engine will often atart, but fafl to

(@

(e

n

continue to run. This is aspeclally true when the engine is cold. The governor,
governor linkage, and throttle linkege must be correctly adjusted and operating prop-
orly to perinit setting the speed et an rpm at which the engina will run until it reaches
opereting tempereture (1809 to 185° F), Improper adjuatments will cause the governor
to hunt {run the engine rpm up and down) until the engine finally gtalls. 1n cold temper-
atures the wtarting aid mey be required to keep the engine running until it reaches a
temperature where assistanca is no longer needed. 1If the engine {g equipped with a
sefety device that ia actuated by low oil pressure, e awitch that will stop it from func-
tioning must be used until the engine bhuilde up sufficient oil pressure (takes about 30-
seconds). Improper operation or malfunction of the device will cause the engine to be
hard to atart or to stall. Insufficient fuel or faulty 'njectors will also causs the engine to
run unevenly or poasibly stall. However, ths most .»mmon problem encountered in
uneven operation is often caused by improper adjustment of the injector timing or rack
setting. Low compreesion pressurea can sometimens be overcome to permit starting
by use of sterting fluids, but after the fluid has burnea, the engine will probebly stall
or run|unevenly. Low compression on just a few cylinders will not prevent starting,
but will cause uneven operation. Compresston pressures should not vary more than

25 pai between cylinders when the angine ia operatingat 800 rpm. Loss of compres-
gion ia often caused by a rastricted eir intake system, improper adjustment of valves,
bed valves, or worn or stuck piston ringe. Another problem, especially in the Marine
Corps, is contaminated fuel. The fuel provided meets the requirements of militery
specifications, but wster and debris get into it whila it is in storage or being used to
refuel equipment. The waisr and sed’ went soon clog the filter or cause the fuel aystem
components to malfunction end in some extreme casés the water is injected into the
cylinder. Any of these conditions will cause hard starting, frequent atalling, or uneven
operation.

Lack of power. The main cuuse for lack of power ia a restricted eir intake oystem.
Dirt that buflds p in the breather assembly, too much oil in the air cleaner oil pan,

or a closed emergency shutoff will keep the engine from receiving the proper amount

of air, causing it to lose power, Contaminaeted fuel will clog filtere and prevent tha
proper amount of fuel from reaching the cylin er. The fuel will sometimes get hot and
expand and prevent the proper amount from reing injected. 1f the engine 1s getting
pluvnty of fuel and air, it i probably being m.sused. The operator is overloading the
engine. Another couse that rarely occurs is a restricted exhaust, Restricted exhaust
problema normally o2cur when they are modified or when substitute parts are installed.
In some cases where the engine has just been repaired, it is possible that the gear tralr.
is improperly timed. if the engine had hesn performing properly and the above checks
show nothing, then it nneds a tuneup. Of course, worn parts within the engine will pre-
vent proper compreesion of the air and cause losa of power. Un~ven running was dis-
cusged in the previous paragraph and will aleo affect engine pow 'r.

Detonation. A cold engine will usually knock when first cranked. The knocking is
more noticeable if starting fluid is used to assist in cranking. If the air cleaner oil
pan 18 overfilled or tha ofl i8 too light, it can be drawn into the cylinder and cause
detonation. Fauity injectors or in)ector timing will alao cause detonation. In extreme
cases, carbon deposits ‘hat build up in the cylinder will cause higher compression and
detonation.

Insufficient or no fuel. The person making the diagnosis hae two choices of where to
atart, and knowing the using unit and the operator’s habits will help locate the problem
more rapidly. After checking the fuel tank to insure that the item of equipment has not
run out of fuel, you should then check for leaks on the suction side of the fuel eupply pump.
Then check for clogged system. Looae connections between the tank and the fuel pump
will 8llow the pump to ge* air and fail to supply the fuel. Leaks between the fuel pump
and the injectors can ba easily detected by observing the fuel that is forced out. This
will keep the pump from supplying the fuel at the proper pressura. Either of the abuve
problems can @lso be cgused by faulty installation. Somse engines are used Where another
source of fuel can be connected. 1f the source is too far away or too low, 1t will act ae

a restrictton or leak. 1If the diameter of the line is too small, it will act ae & restricted
line. There are other problems created by faulty installation which will prevent the
proper amount of fuel from being dellvered to the cylinder, Improper installation or a
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defective fuel intake line check valve (fig 2-9) will allow the fuel to drain back to the
supply tank or prevent the fuel from flowing. The valve would elose and 8top the fuel if
it waa inatalled hackwards, A valve that fails 19 close would allow the fuel to drain
back to the tank. The inatallation of a substitute for the restricied elbow in the end of
the outlet manifold (fig 2=9) would prevent the fuel pump (rom building up the required
pressure to supply the injectors, The last items to chech for insufficient or no-fuel
problems aye the fuel pump and the injector control rack setting, A defective relief
valve or worn pump will not deliver the prope~ ~mount of fuel at the prescribed pres-
sure, The pump 18 driven from the rear end of the lo ver blower rotor.- It is posaible
for the pump to be improperly installed or have a broken shaft and fail to operate. An
engine that i8 receiving the proper amount of fuel should have about 1 gallon per minute
flow through the return line with the engine operating at 1, 200 rpm, The temperature
of the return fuel should not exceed 150° F,

Fig 2«9, ‘Typical fuel svatem,

(z) Excessive oil consumption, Vuery seldom ie an engine sent to the repair shop for
excessive oil conaumption. By the time the diupatcher or the equipment chief notices
the oll consumption: the operator {s complaining of lack of power or other engine prob-
lema. Leaks can go for a long period of time belfore they are noticed unless someone
kceps a close watch on the cquipment records. Oil that I8 being burned will show in the
exhaust smoke or through lack of power. External leaka are easy to locvate and the
engine should be checked daily and very clomsely just after repair for signs of oil leaks.
The olt will leak through loose connections. defective linsa, and loose or defective
paskets, It can be blown out by high crankease pressure caused by a restricted crank-
cuage breather or defective cylinder parts. Internal leaks are hard to deteet and locate.
The otl leaks past the blower seals into the aiy box or through the oil cooler into the
cooling system. Ofl which leaks past the blower seals can be dangerous, Oil, which
leakas past the blower seals, can be forced through the nir 0% into the eylinder, where
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it is burned as fuel, causing tho engine to run away. The oll will act as fuel and keep
the engine running, If the seal or gasket is completely worn out, the engine can

get encugh air and oll to continue operating after the fuel and the emergency

air shutoff have been placed in the etop position. Lack of oil control at the cylindera
can he caused hy improperly inetalled, stuck, hroken, or worn oil control ringa; by
loose pieton pin retainers; by scored cylinder liners, pistons, or ofl rings; or by In-
correct platan alinement caueed hy worn crankshaft thrust bsarings., The plston ringe
anvl cylinder can be visually checked for scoring by removing the covers from the sir
box and turning the engine until the parta can be seen through the inlet ports. ©Of
coursr, ovulfilling the crankcase or using the incorrect grade of oll will cauee the
engine to use an excessive amount of oil.

(h} Excessive crankcese pressure. Pressure above normal ls caused by pressure escap-
ing from the cylinder past the piston, cylinder head gasket, and in rare caees the
exhaust valve guldes or pressure from the blower escaping past the **hlower to block
gasket’’ or the end plate. An obstructed breather will aleo allow the engine heat to
build up pressure ae it expands. Exhaust back pressure will put extra pressure on the
piaton ringe and gasket and possibly cause excessive crankcase pressure. If there le
exceselve preseure in the crankcase, the exhaust system should be checked ae poseibly
the start of the trouble. Exhaust back pressure can destroy both the head gasket and
the blower gasket. It will also cause heat and strain on the piston and ringe which will
stick and score. .

(} Low oll pressure. Inexperienced persons think their engine needs an immediate repair
if the oll preseure drops, but most of their problems are from using the wrong vie-
cosity oil or from failure to keep the oil luvel at the correct level; If the enrine la
full of the correct oll the cause could be poor circulation. This jg often caueed by the
filters or the oll cooler being clogged. Excessive wear on the crankshaft bearings will
altow the oll to flow through end back to the oll pan without lubricating the other parts.
A defective oll pump will not supply the amount of oll required to keep the pressure up.
In rare cages, the pressure control yvalves fallto function properly and cause luw oll
pressure. If the engine has just been repaired, the cause i8 probably missing plugs.
Sometimes the engine oll pressure le satiafactory, but a defective gage or lines to the
gege cause & false reading of low oll pressure. The lines become clogged, crimped,
or otherwise reetricted, preventing an accurate reading.

{j) Abnormal en coolant operating temperature. Coolant temperature plays an im-
portant part in engine performance and eﬁciency. An engine that is too hot causes
wear on the internal parte and a loss of power, Overheating {8 cauged by insufficient
heat transfer and poor circulation. Mosat overheating troubles are caused from lack
of coolant. Some of the older enginee have scale and other deposite that clog the cool-
ing aystem and prevent circulation, Defective coolant hoses can restrict the flow and
cause overheating, A hose that i# collapsing is very hard to detect because it nor-
mally collapses when the engine is operating at a high rpm. Loose fan belte will slip
and not turn the fan at a epeed that will draw sufficient air acrose the radiator to prop-
erly cool the water. A defective thermostat can restrict the coolant flow, causing
the engine to overheat or fail to cloee and prevent the engine from reaching the oper-
ating temperaturc. An engine that is operated below the operating temperature will
knock and fail to burn all the fuel delivered to the cylinder. In axtreme-cold climates
& shutter may be required to assist the thermostat, For additional trouble
shooting hinte check paragraph 24,

(k) Miecellaneoue, Diagnosing engine noises and electrical component matfunction ie the
game ae for gasoline engines,

c, Hegmra.

{1} General repair procedures: Order the parts required ag soon 88 diagnosis ig completed
and you have determined which parts can be repaired, The vehicle, eapecially the
engine, should then be r'caned if it was not cleaned before diagnoeis. Steam or solvents
and water should be used to remove the caked -on grease and dirt. Don't try to clean the
engine while it is hot; allow it to cool to reduce fire hazarde and to prevent cracking the
hot componente, The type of repair required, ite location on the engine, and the engine
application and model will determine whethe * the engine will need to be removed from
the vehicle or if the repaire can be made while,it is mounted in the vehicle, Thie will
also help determine what special tools und equipment will be required. If the engine
must be removed from the vehicle, be sure that all connectione are free hefore
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attempting to lift it. Some components may require removal before the engine can be
removed. Some components or parts may require vemoval for repair even if the engine
in not removed. When disassembling, place the parts and components in a gafe place to
prevent loss or damage. As it is removed, inapect each jtem for defects, positioning,
and pecullarities. For exampls, the blower agsembly will it on either aide of the engine,
but it will work properly in only one place. Check ite position in pelation to the exhsnat
manifold, water manifold, fiywheel, and other external parts and markings (fig 2-10),
Check the aize, threads, and position of nute and bolts, Check the location, shape, and
size of linea and ¢lectrical conductors. Uf necessary, mark or tag the items, U the
parts can be placed in some order, reassembly is usually much faster. After the parts
have been removed, clean and inspect them closely for wear, cracks, breaks, alinement,
und proper operation. Many items may give satiafactory service, but be worn so badly
that they would fail in about 1 day’s operation. These are also some of the parts that
will be omitted from the initial requisition. After the parts have been inspected and re-
paired or replaced, reassembly can begin, The parts are usually reassembled in the
reverse order of disassembly. However, this 18 not true in all cases, Use the T™M a8

a guide. Tuhricate those parts that need it and torque the nuts and bolta to apecification,
Make an initial adjustment on those componenis that require adjusting before attempting
to crank the engine,

B MODILS 1€ mMO0I Y 10 MODELY "~

ALL VIEWS FROM FLYWHEEL TND OF ENGINE

Iig 2«10,  Rotation and uccessory arangements--3-, 4-, and 8-cylinder
in-line enginen.

() Hepades to s ystems,

() Cooling system. The Detroit diesel cooling system used in Marine Corps engineer
caqulpment 1s a rudiator and fan-type liquid-cooling syatem. It coneiats of a radiator,
fun, wiater pump, oil cooler, thermostat, and necessary hoses and pipes. The ther~
ronstat s probubly the moat troublesome part of the system {fig 2=11}, It becomes in+
operative und requires replacement more frequently than any of the other parts, ‘To
ruplace 1t, deain the systemi and remove the upper radlator hose and thermostat housing
viter outlet, 1lemove the thermostat, inspect {t, and check ite operation. It is
checked by immersing in hot water; the thermostat should start to open at nbout 1750 1#
anel be fully open at about 185° ¥, depending on the thermostat setting, The Oponing
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temperature is uaually stamped on the thermostat. If the thermostat iB satisfactory,
check the way it waa installed anc the type used. It should be inatalled Bo that the flow
of water will agaist opening and it should not bind or rub any of the other parts. Some
of the thermostata have a gmall opening so that some of the coolant can circulate through
.he radiator when the thermostat is closed; do not nse a aubstitute that doea not have the
opening. Delective thermostata are discarded and replaced. Place a new thermostat

in the thermostat housing, replace both gasketa, and install the the rmostat housing
water outlet. Inatall the hoses and refill the cooling aystom. Some engines require tne
vent on the thermostat housing to be opened when filling, The water pump, which is
mounted on the [ront of the blower and driven by the lowar rotor, circulates the water
through the engine anq the radiator when the thermostat ia open. There are no repaira
to the water pump itaell; leaka between the pump and other parts can be repaired, but
the pump assembly requires replacement. Leaks can often be stopped by tightening,

but replacement of parts requlrea draining of the syatem and removal of the defective
parts. To remove the pump, looaen and glide the hose toward the pump, remove the
bolta from the outlet flange behind the pump, and the pump mounting bolts from the
blower. Withdraw the pump asgembly and inspect it and the drive connections. While
the pump ia off, replace the water elinger on the pump intermediate coupling and replace
any defective parts. The alinger is8 secured to the coupling by an Alle:i aetacrew that
screwa into the blower shaft, Inatall new gaakets and packing on the pump asaembly
and install; be aure the coupling mating lugs are properly alined. The outlet packing

is inatalled between the flange and the engine block; a gasket i8 alao used between the
flange and the block. After the pump has been inatalled, all bolts tightened, and hoses
replaced, refill the ayatem with the proper coolant,

Fig 2+11, Typical cooling syatem with radiator and fan.
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() laubrication system. Figure 2=12 illustrates ths flow of oll through a typical ssrise 71
lubricating syatem. 1t includee the variocus components guch gg the oll pump, ofl coolar,
bypass and full-flow flters, the pressure ragulator valva, and the bypaus valve. Most
problama with the lubricating system are caused by clogged systema, lsaks, and worn
or dafective parts which usually cause low oil pressure. Some of the problems can be
located by attaching an oil-leak detector to the muin oil gallery, removing the oll pan,
and observing the amount of oil that drips (rom the pressure~lubricated parts
whils ol} under pressure ls being forced through the system. A clogged system will
reducs tha pressure and slow tha flow of oll. Sludge and othar debrie.bullds up in the
amall passage and either reducas the oil flow or stops it completely. The oil passages
should be thoroughly cleaned aach tima the component is removed and when the engina
io disassembled, Solvent can be {orcedu through the pasgsages fur cleaning and then alr
to blow out any loose particlen. Remsmber that those particles may lodge at one of
the vital parte such as the crankshaft or camshaft bearings. They would than act as an
abraeive and destroy the bearing. Defective valvaes in the 8Yastam will alao caues low
oll.prassure readings. The valvea uaually atick open becaude of a clogged ayatem,
scorsd and binding valve parts, or weak or broken springs. The valvea are usually
replaced ag a part of another component pather than repaired. Parte that are preasurs-
Jubricated will wear, reducing the amount of restriction on the o1l flow. This allows
the oll to flow through the path of 1eanst resigtancs and reduces the presgure reading.
Tha aystem la designed to lubricate properly whan the bearing claarance ia within spaci-
ficatione and the proper grade of oll 18 usad. If the 1eak detector forces too much oil
by the bearing. measure the shaft and check the clearance bstween tha shaft and the
besaring. The clearance can be chacked by meaauring the shaft and the bearing or by
placing a place of plasti-gage betwaen the bearing and ths shalt, and apPplying torque
to the bolts. Remove the plasti-gage and measure it to determine the clearance. Plasti-
gage cannot be used on solid bearings guch as the camshaflt; they must be measurad.
The bearings are replaced in sets; raplace all main bearings, or all connecting rod
bearings, or all camshaft bearings, or all balancer ghaft bearings. The oil pump,
which 1s mounted on the Nos. 1 and 2 main bearing journal, circulates the oil through
the system and very seldom cauaas troubla. Shims are placad between the mounting
base of the pump and tha journals to aline tha pump and provide the clearances between
the pump gear and the crankahaft gear. Any tima the pump is removed, mark the shims
and keap them in separata shim packs ao they can be reinstallad in the same poaition.
The clearance of the gears must be checkad after each installation even if tha old parts
are uged. The oil pump assembly is replaced as a unit. The oll pump intaka screen
should be cleaned each time the ofl pan ig removed. Some problema are caused by
defective lndicators, or leaky, crimpad, clogged, or defective lines or conductors.
Tightening will often stop leaka at a connection. Clogged lines can be blown out. Other
defects in linas will require replacement. Electrical tast equipment e required to test
electrical-typa pressure indicators. Elactrical connectiong can bé claaned and tightened.
Broken conductord must be repairad or replacad. Short circuits can sometimen be re-
paired by wrapPping with tape. Loose gaakets and worn seala ara responsible for moat
oil leakn, Any loose connection should be tightened to specifications during inspections.
The seals must be checked =logely during repair to detarmins if they are serviceable.
The seals sometimes dry and bacome hard or collect gbrasives and waar. They are
designed to provide a closa fit between the soft gsal lip and a moving metal part. Ex-
cept in rare lustances, the lip 19 indtalled ao that it faces the oll, They are pressed in-
to a recads, bolted into a geal retainer, or placed in grooves. The rear oll meal of the
serlea 71 Detruit diasel engine lo a 2-place geal that fits into a groove of the crank-
case and the rear bearing cap. The eeal can be removed and replaced without removing
the crankshaft. Force the old seal out ag the crankehaft 18 rotated and install the new
by forcing it into the groove as the crankshaft ie rotated. Some of the rear oil seal
witl require trimming so that tha bearing cap will fit properly, but do not trim too much
or the geal will not atop the leak. If the mating parts ara badly grooved or acored they
must be replaced or repaired before the geal will be effective.
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Fig 2-12, A typical series 71 lubricating system,

{c} Air intake system, The importance of an adequate supply of air for the Detroit diesel
engine cannot be overemphasized. Many engine problema are caused by lack of afr.
Most engines are equipped with an ofl bath or dry type of air cleaner and a blower or
turbocharger. Clean air i8 drawn in by the blower and compressed to approximately
7 psi in the air box, 1f any pari of the air cleaner or connectiona becomes clogged or
fails to clean the air, the blower will fail to function properly. 1t cannot draw in a
gufficient quantity of air or the dirt that gets through will ecore the blower rotors and
other engine parts. A restriction on the suction side of the blower will put a etrain «n
the blower ol seals. 1t ie possible for the blower to draw the oil through the seals and
force it into the engine. Clogged air box draine will cuuse the blower to create excess
pressure which would blow out the blower seal8 or the handhole cover gaskets. The
air cleaner oil pan should be checked daily and the air cleaner assembly thoroughly
cleaned, dried, and serviced quarterly. The suction side of the air intake system
should be cleaned when the engine requires major repairs. Dirt builda up in the pas-
pages and partially restricts the air flow. The air box and drains should be checked
quarterly and cleaned if neceseary. When the handhole covers are removed, inspect
the inlet ports of the cylinder liners; rotate the engine and inapect the pieton rings.
The biower rotors can be inapected by removing the air inlet housing and rotating the
engine. Operation of the emesgency shutoff can nlso be checked. ‘The blower is *1-
placed as a unit rather than repaired, 1t is usually easier to remove and inatall the
blower, water pump, governor drive, and the fuel pump as a group. The water pump
and other components can be removed after the blower is removed from the engine.
Beforc attempting'to remove the blower, be sure all bolta and connections have heen
removed., The blower plides forward and then is lifted away from the engine.
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Remember that a new blower must be ordered that will work for the apecific engine:
correct rotation, mounting, and drive. Replace all gasketa before attaching the driven
components and mounting the blower. Install a8 pew geal and clamp over the end of the
drive gear, Aline the drive gear and blower drive eoupling by rotating the blower and
sliding it into place. Pe sure all foreign matter has been removed from the blower and
all eonnections are made before cranking or turning the engine or component; stop the
engine immediataly and investigate the cause of any unusual nolses. Check for air leaks
at the air box and possible leaks between the air eleaner and the blower.

Fuel system and governors Because the fuel systent and governor are so elosely re-
lated, they are grouped together here., Even though they are separate aystemu, the
governor helps control the amount of fuel that is {njected into the engine, The gaver~
nor 18 driven by the front of the upper blower rotor, Movre than one governor {8 used
to control some engines, There are several types of governors yged with the Detroit
diesel engines and too much epace would be required to discuss removal, installation,
and adjustment proceduras for eachs Therelore, it will be necessary for you to refer
to the specific TM for governor information, The controls that control it are re-
moved, Figure 2-13 shows how the governor is mounted and attached to the fuel ine
jector control racks; components of the fuel systemn were shown in figure 2«8,

Injector control tube lever
Fuel rod

Bole

Covernor cover

Covernor control housinR
Welght housinR

Bolt

welRht housinR cover
Bolt

10. Breather tube

11. Screw

12. Throttle control tever

-

U-N- ETR- BTN VN

Mig 2~13, Typlcal limiting speed governor mounting,

Some vehicles ure cquipped so that the fucl can be drawn from cither a drum or the
vehicle fuel tank, Such vehicles are equipped with the neceasary connections and &
3-wav cohtrol valve located between the supply tank and the fuel strainer. The fuel
supply pump draws the fuel through the open passage in the valve. A leak at the con-
nectlons, strainer, or the valve on the guction #ide of the pump will allow it to draw
in alr apd cause the engine to malfunction. These leaks are hard to detect apnd may
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require putting pressure on the fuel on the suction eide while the engine s stopped.

130 not use too much pressure or the fuel supply pump seais will be damaged. The

Hp of thewe seals faces away from the fuel and a leak can be started easily. Leakage
of more than one drop per minute |8 excesaive and requires removal of the pump and
replacement of the seals. The posi.ive«displacement pump ia driven by the blower
lower rotor. [t is attached to the rear of the blower. A satisfactory pump will de-
liver 1 gallon of fuel per minute through the fuel*return tube with the engine operating
at 1,200 rpm. The relief valye In the pump aseiete in maintaining 40 to 60 pei in the
fue! inlet manifold with the engine operating at 1, 800 rpm. Any restrictions in the
lines, etrainer, filtere, or a faulty relief valve will reduce the fuel flow and the pres-
sure. A restricted elbow located in the end of the outlet manifold also helps maintain
the presoure. T cannot be replaeced hy a substitute. The relief valve remains closed
until the epecified pressure ie reached, then it opens and allows the fuel to return to
the iniet side of the fuel supply pump. Thie keeps the pump from buiiding up excesaive
pressure and destroying itself should the system become clogged. Dirt and water
should be drained from the strainer and filter daily by opening the drain valve at the
bottom of each housing end allowing about 1/4 pint of fuel to drain, The strainer and
filter ghould be changed every 500 hours when operating under normal conditions.
Some of the later model engines are equipped with a gage that shows when they sbould
be changed. The fuel supply pump e replaced as a unit except the relief valve which
can be checked and repleced without removal of the pump sssembly. The supply pump
seale can also be replaced, but removal of the pump 18 necessary. The fuel lines are
disconnected from the pump and the pump disconnected and removed from the blower.
Special tools are required to remove and inatall the seals. The injectors receive their
supply from the inlet manifold and permit the excesa fuel to flow thyough to the outlet
manifolds They are located under the rocker cover with the valve mechaniem between
the valves of the 2-valve (two exhaust valves per cylinder) head. They can be repalred.
but are replaced as a unit by repair orgenizations because the facilities, test equipment,
gpecial toole, and skilled personnel to perform the repaire are not avallable. The in-
jectore ueed in an engine must be the same size; mixing them will cauee erratic engine
operation, Each Injecto: has its size and type etamped on & ta,; pressed into its body.
The injector can be checked by holding down on the follower, which will cause the en-
gine and injector to function similarly to & shorted spark plug in @ gasoline engine. If
the injector ie good, the operation of the engine will change wkhen the follower ig held
down 8o that the injector fails to function; a defective injector will not change the en-
gine operation when the follower i8 held down. The injector ie removed by removing
the rocker covers. rocker arms, injector connector {(jumper} tubes, and clamp and.
then prying it up (fig 2«14),

1. Fuel inlet (supply) pipe
2@ Stud nut
3, Clamp washer
4, Injector clamp
8, Rocker arm shaft bracket
68, Fuel pipe connector
7. Shaft bracket bolt
8. Shipping cep
9. Injector assey
10, Injector-remover tool J 1227-01
11. Fyel outlet (return) pipe

Fig 2«14, Infector location, removal, and removal tools.
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All openings are covered alter a tube le disconnected or the injector ie removed to
keep out foreign matter. After removal, the injector is tested to determine if it is
etill eerviceable. Refore installing an injector, be guve the injector hole tube (located
in the cylinder head) ie clean to permit proper {netallation and sealing, Be sure the
dowel pin hole {8 clean and will permit the {njector to seet properly; Install the in-
Jector and clamp, then torque the bolt to epecification. Reassemble and adjust the
rocker arms; be sure the special bolts are used to hold the rocker brackets or the
lubrication system will not function properly. Install the injector counector tubee (fig
2-15). These must be installed with care because any fuel leakage would dilute the
engine oll, After the injector unit has been installed and connected, it must be timed,
the control rack set, and governor adjustment checked. The timing {8 adjusted by
shortening or lengthening the push rod for the injector rocker. A speclal tool is eet
into a recess to check the setting. When making the timing, control rack, and gover=~
nor eettinge, follow the proceduree outlined in the TM. It {e important that the pro-
cedures be followed step by step.

1, Injector assembly
2. ll\iem" control tube
3, Rack lever
4, Injector control rack
5. Tube eeal ring
8, Injector hole tube
?. Cylinder head
8, Cylinder liner
9, Cylinder head gasket
10, Balancer ehaft
11, Cylinder block
12, Camehaft
13, Cam follower
14, Follower spring
15. Injector clamp
18, Push rod
17. Locknut
18. Rocker arm clevis
19, Rocker arm shaft
20. Injector rocker arm

Fig 2=15, Fuel injector mounting.

Cylinder block and head. Good judgment and a close lnapection will help determine

(e how many parte and components must be removed to correct cylinder block and eyllntder
head defects, For example, there is no need to remove the engine assembly to repair
the cylinder head If there is enough room to remove the assembly. The head ls r‘e-i
moved to repair or replace valves, gaekets, water nozzles, and other defective e_';l ne~
der head parts, The cylinder head assembly must be handled with care because of the
protruding parte on the top and bottom. The cam followers and the {njector tipr pro-
trude through the bottom of the cylinder head, The cam followers can be removed from
the cylinedr head after the head has been removed from the engine. Figure 216 shows
these parts for a 2=valve head. After the cylinder head is remover from the engine, the

65

2-1




1, Cam follower guide
2, Cam follower guide bolt

3, Cam follower
4. Cylmd&l' head

|F‘8 2=16, Cam follower and retainer assembly,

valve parts, valves, and injector parts can be removed, cleaned, inspected, and re-
paired or replaced as needed. Again it ls necessary to check the parts, thair position,
and location =& they are removed. (Note the special bolt that provides Wbrication for
the valve operating mechanism in figure 2-17.) Check tha type of washers and seals or
gaskels used as the parts are removed. The water openings in the head can be plugged

1. Rocker arm
2, Push rod
3, Exhaust valve spring
4, Push rod spring
5. Cam follower
6, Cylinder head oll passage
7. Bracket bolt ol passage
8, Rocker shalt oil passage
9, Exhaust valve
10, Exhaust valve guide
11, Rocker shaft bolt
12, Rocker arm shalt

Fig 217, Lubrication of valve operating mechaniem,
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and preasure can be applied to test for ltaks, Some leaks can be detected by gight;
cracka usually appear at or near the valve seats. After the valve springs are removed,
the valve face, etem, seats, guides, anl spring tension can be checked and repaired

or replaced, Replace those parts which cannot be repaired to gpecificatione listed in
the TM, Any repair or replacetnent of parts within the cylinder block, with few ex-
ceptions, requires removal of the engine from the vehicle frame. Since the Detroit
diesel engine can be uged in a variety of equipment, check the TM for removal pro-
cedures,

Ropeat warning: Make sure that all connections are free before attempting to
remove the engine,

After removal from the vehicle frame, remove the niecessary components and
place the engins in a suitabie position for it to be worked on safely. Good judgment
will help determine what parts must be removed. For example, the connecting rod
w-urings can be replaced by removing the oil pan and rod bearing caps, but removal
of all these plus the front end plate, flywheel, rear end plate, il pump, and main
bearing caps is necessary to replace the crankshaft and main bearings. When re-
moving the parts from the cylinder block, pay particular attention to the position and
location of the camshalt, balancer shaft and weighte, connecting rod and matn bear-
ing cap markings, timing marks. cranksihaft thrust bearing, and the thrust plates.

The piston and connecting rod are removed through the top of the eylinder block. To
prevent damage to the piston rings, the carbon and ridge at the top of the cylinder

liner are removed before removing the piaton. Check the condition of the piston,

rings, rod bearings, crankshaft jornal, and cylinder liner; measure them to see {f
they mect specificationa. Figure 2-1g lllustrates some used parte that are service-
able and unserviceable. The bearings should be kept {n sets and with the same connect-
ing rod if they are to be used again, New rings can be installed on serviceable pistons
and in serviczable linsrs if the glaze on the used tiner i8 broken; new and used pistons,
piston rings, and liners can be mixed in the Detroit diesel engine. Fallure to break the
glaze lengthens the time required for the new rings %o seat. A hone with 120 grit stone
or emery cloth can be used to break the glaze, The honing or sanding operation 1s per-
formed in such a way as to leave a crisscroas pattern the full length of the liner. After
breaking the glaze, the liner must be measured again. When replacing the piston rings,
it 18 important that the graves are clean, the rings installed properly and in the cor-
rect groove, and that they have the specified clearance and ring gap. Some piston rings
are marked with letters denoting top while others have chamfered edgee or other marks
which must face in the proper direction. In the military, it 18 advizable to replace the
rings on all pistons and other unserviceable parts whenever one requires replacemont,
if time permits. 1f only one ring on a piston 18 defective, all rings on that piston must
be replaced even if the other pigtons are not removed, The pistons and liners can be
replaced individually if replacement parts are the same type as the others. All new
and repaired parte are cleaned, dried, and lubricated {except as noted) before assem-
bling and inatalling. A epecial puller {8 uged to remove and install the liners. The
liners are chilled for 2 hours (in dry ice preferably) and the engine block heated in a
tank of 180° F water for 20 minutes prior to liner installation. The chilling and heat-
ing operation {8 timed so that the block {8 removed from the water just prior to installa-
tion of the liner. No lubrlecation {8 used when installing the liners in the block; they
are cteaned and dried. It may be necesgary to lightly tap the liner in a block using the
same tool that was used to remove {t, Handle the chilled liners with care as cold parts
are enslly cracked oy broken. To measure the crankshaft main bearing journais and
replace the main bearings, the erankshaft must be removed. The main bearings are
replaced as a set with the grooved part of the shells installed in the upper part of the
block. Note the position and location of the erankshaft thrust bearing. Before starting
reagsembly, be gure that all oll and water passage plugs are tight. Reassembly is
reverse of dlgaasembly, When reassembling, install the parta fn thelr proper loca-
tion and position them properly. Uge new gaskets where gaskets are required. Check
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the fit of new and rejaired parts and torque all bolte to specifications. Be aure that
ail locking devices are the correct type and eize, and are instulled properly. For ex-
ample, don't try to use q star lockwasher where a spring-type lockwaasiiar <hould be
used. Use gaaket cemant or other gasket sealing material only on those gaskets speci-
fied in the TM. The clearance and sealing of some of the Detroit diesel engine parts
ie eritical and usa of the compounde {a important.

{f) Tuneup and run~in. All engines, new or rebuilt, should be run-in and adjusted prior
to releasing them for field nperations. This insures that the engine is properly ad~
justed for the type applicr v and give® the new parta time to seat properly before
being subjected to heavy .uuds. The TM ulso specifies that certain nuts and bolts be
retorgued ifter 8 specified number of operating hours. Some torque specifications
require ihe engine to be at operating temperature. By rurning the engtne in a teet
etand or i~ ‘i vehicle while in the shop, it can be obaersed and broken in under con-

trolled coneitions. After the engine has been run-in, adjusted, and inapected, a
quarterly service and inepection i8 performed. The engine is then ready for releane

to the using unit.

d. ‘‘roubieshooting and diagnosis charts. The charts below do not list the symptome and
¢™izea in the order of miat frequent occurrcnce. When troubleshooting a dtesel engine, keep
an open mind and conaider all posaibilities. L isten closely to the complaint given by the operator;
etudy the reported eymptomms, locate the cause and correct it. The equipment operator should
accurately report the trouble eymptoms to the administrative unit. The administrative unit then
takes prompt action in scheduling repaiss.

Table 2~2. Troubleshooting Chari for the Diesel Engine

Symptom Probable cause rorrective actiun

1. Engine 11ile to turn

a, Cranking motor inoperative 1. Master switch off. 1. Turn on and make sure
it is functioning prop-
erly.

2. Start ewitch off. 2, Turn on and make sure
it 18 functioning prop-
erly.

3. Transmission controla not 3. Place controis In

in neutral, neutral and atte pt to
c.ank.

4, Corroded or loose ter- 4., Check, clean, and

minala. tighten.

5. Broken conductora. 5. Replace,

6. Battery output low. 8. Recharge ur replace
battery(les),

h. Fngine oil too heavy for 1. Incorrect vicouity oil, 1. Draln and refill with

iecmperature proper-grade oil.

c. Internal seizure 1, Broken or damaged paris 1, With clutch disengaged,

or fluids in cylinders. tranamieaion in neutral,

altempt to turn engine.

, Failure to turn indicates
damage requiring repair
heyond organizational
level.
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Table 2=2, ‘Trouhlcehooting Chart for the Diesel Englne--contd
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Symptom ’robable cavae Corrective action
2. Engine tufna but fails to
atart
a, Low engine cranking 1. DBattery output low l. Check, clean, and tighten
apeed cable connectiona. Re-
charge or replace battery{ies).
2, Improper lubricating 2, Drailn and refill with proper-
oil grade oil.
3, Delective cranking 3. Check and replace il needed.
motor.
b, Sufficient cranking l. Emergency ahutdown 1, Puah in emergency knob on
apeed closed. inatrument panel. Open
~ir ahutdown at the engine.
2. No fuel or incorrect 2. Check fuel level and fill with
fuel. correct fuel if required.
Drain off water and reeidue
at tuel tank, fuel fidter, and
fuel atrainer.
3. Air in fuel ayatem or 3. Perform a fuel teat by dla-
fuel linea reatricted, connecting the return line
at the fuel tank and, If there
ia sufficient fuel, check the
fuel linea for leaks or kinka
and repair. Replace fuel
filter elements If needed and
fili the atrainer about 2/3
full of clean fuel. If flow ia
atill unsatiafactory, the fuel
pump should be changed by
field maintenance.
4, Improperiy timed in~ 4, Retime injection pump to
jection pump, ‘englne.
5, Injection nozzles not 5, Uae clean fuel. Vent ayatem.
functioning properly. Replace nozzlea il needed.
c. Insufficient engine 1. Ciogged air cleaner and 1. Check, clean, and ®service.
power intake.
2. Exhaust back preaaure. 2. Check and correct.
3. Inaufficient fuel. 3. Perform fuel flow teat.
4, Incorrect engine adjuat- 4, Adjust exhauvat valve clear-
ment. ance. Adjuat injector timing.
%, lkingine doea not develop
fuil power--uneven
operation
a. Insufficient air to engine 1. Clogged air intake system. 1, Remcvs, clean, and service
air cleaner.
b. Air leaks around intoke 1. ).oowse bolty and nuts. 1. ‘l'ighten to proper torgue,
2. Defective packet, 2. Hefer to field maintenance

for replacing.




Table 2-2,

Troubleshooting Chart for the Diesel Engine~-contd

Symptom Probable cause Corrective action
e. Poor fuel 1. Improper grade. 1, Drain and refill with proper
grade of fuel.
d. Air in fuel system 1., Leaks in fuel nyatem. 1. Repair leaks; vent fuel
aystem.
¢, [Internal wear or damage L, Defective valves or pistons. 1. Refer to field maintenance
* for repair.
4. Fagine noises
a. Sharp rap at idle l. Loose piston pin. l. Locate faulty pin by short~
elreuiting apark plugs or
venting nozzles until nolge
stops. Refer to field main-
tenance for repairs.
b. Flat alap when increas- L. Piston giap. L. Refer to field maintenance
ing epeed under load for repair,
¢, Metallic knock when 1. Faulty connecting rod 1. Refer to field maintenance
idling or slowing down bearing. for repair.
that disappears under
load
d. Constant knocking 1. l.ow engine-~oil level. L. Check and fill to proper level.
2, Overhoeating. 2. Check coolant and oil level.
Retill to correct level.
e. Tonstant rapid elicking 1. Incorrect valve adjustment. 1. Adjust to specified ~learance.
f. Combustion knock 1. Improper engine temperature, 1, Keep temperature at operat-
ing range.
2. Poor fuel or water in fuel. 2. Drain and rvefill with proper
grade of clean fuel.
3, Incorrect injection timing. 3, Retime injection pump to
engine.
4. Defective injection nozzle, 4, ideplace nozzle,
5. low engine oil pressure 1. lneufficient oil. 1. Fill to correct level.
2. Incorrect oil. 2, Drain and refill with proper
grade oil.
3. Defective pressure gage 3, Check pressure gage and lines;
and lines. replace if needed.
4, Poor circulation. 4, Replace sngine-~oll filter

elements.
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‘I'nbie 2-2. ‘Froubleshooting Chart for the Diesel Engine--contd

Symptom Prohable cause Corrective action

8., l.oss of engine ofl

pressure
o, l.ow oil level 1. Normal use or leaks. 1. Determine cause and fill
with proper grade of oil.
b, C'logged oil filter elements 1. Operation {n dusty con- 1. Change filter elements.
ditions and not changed sften
enough,
¢, Defective oil-pressure 1, Broken indicator. 1, Replace.
indicator or line 2. Crimped or broken line. 2, Replace,
7. Excessive engine oil
consumption
. 1. Operating on excessive 1. Reatrict alope operations
slopes, to recommended limits.
2, Overfilling crankcase, 2, Fill to apecified level.
Drain to correct level if
overfull.
b, External leaks 1, Loose, cracked, or dam~ 1, Check, tighten, and/or
aged parts. replace the defective
parts around the oll pan,
valve covers, filters, and
hoees.
2., Excessive crankcase 2. Refer to field maintenance
pressure, {f repailrs are required.
Clean air box drains.
c. Internal leaks 1. Defective gaskets or 1, Check radiator for rigns
oil cooler. of oil. Refar to field
maintenance if repairs
are required.

2-4, COOLING SYSTEMS

a. QGenerai, Problems with the eng:ne cooling system can be reduced to one problem,
overheating. Troubleshooting for correction of overheating should not be confined strictly to
the cooling system as other vehicle components can al8o cause this condition. See table 2-3 for
troubleshooting procedures. The most common cause of engine overheating is shortage of
roolant. ‘There are many causes of overheating that are easily confused with coolunt shortage,
since this condition alwayse follows overheating after the coolant begina to boil viclently. As a
practical guide, all overheating can be divided into three gensral types based on the following
conditions preceding overheating: coolant shortage from overflow loss, coolant shortage from
leakage. and no cooiant shortage. Determine which of these three conditions existed before
boiling occurred. All causes of overheating finally result in violent bolling and coolant overflow
loas. Therefore, it e not sanfe to assume that coolant shoirtage was the original caus’ of over-
heating, merely because the coolant level 18 low when the overheating is llascoveruvd. To
determine for sure whether the overheating is due to shortege of coolant und not somethlng else,
the test must begin with the cuolant at the correct height in the radlator and the coolant tempera-
ture must be well below the boiling point. Then run the engine until It overheats, During the
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time the engine 18 being run, it can be dstermined if leakage or overflow Joss oceurs balore
the coolant boila. In the following paragrapha we will cover some of the problems in the cooling

ayatem,

‘b, Preliminary diagnosia, The preliminary troubleshooting i@ done with the engine running--

vehicle aiationary.

Check the coolant level frequently to mee if it rtses or drops noticeably before

the bolling temperature is reached. At the ame time, watch the engine temperature gage to
keep track of the rise {n coolant temparature. The type of overheating is determined by
obaserving whether coolant shortage from overflow loge or leakage taken piace before bolling.
It is alao a good idea to inspect the entire cooling system during this stage a8 a broken fan belt,
for exampie, could cause overheating, but would be relatively simple to remedy.

¢. _Preliminary road test. Since the preliminary diagnosis is made with the vehicle standing
without any load on the engine, its usefulnesa ts lirited. A road teat which duplicates operating

conditions ia often required to determine the type of overheating.

Table 2+3. Overheating and Overcooling Diagnosis Procedure

Diagnosis Condition Corrective action
a. Preliminary. 1. Coolant level, 1. Check coolant lgvel. Refill if
necessary.

2. Defective preasure cap, 2, Replace delective parts.

gosket, and seat.

3. Faulty fan and water Mvop 3, Adjust or replace as requirad.

belt.

4. Incorrect oil level. 4. Examine dip stlek for low or
unusualiy high oll level. 1f too
high, check for internal leaks.

5. Frozen coolant. 6. Thaw cooling syetem according
to procedure outlined in vehicle
™.

6. Clogged radiator and air 6. Clean and straighten fins. Feel

passages. radiator core for cold spota
that would indicate clogging.
Refer to higher achelon.

7. Collapsed upper and lower 7. Replace as necessary.

hoses.

8. Coolant foaming. 8. Replace coolant and repeat
test,

9. Coolant level rige or 9. Watch radiator filler neck; if

drop. abnormal riae is noted, lollow
overflow loas diagnoais proce-
dure. 1If ahnormal drop ia
noted, follow leakage diagnosie
procedure,

10. High lavel coolant 10, Follow diagnosis procedure

bolling. for overheating not preceded

by coolamt shortage.
b. (werflow loas. 1. Preassure cap, goaket, 1. Test preasure. Clean eeat.

and aeat. Replace gasket.

2. Upper radiator tank 2, If baffie ie loose, refer to

baffle loose. higher echelon.

3. Leaks abova coolant 3. Locate and corract leaks.

level.

4, Delective upper aond lower 4. Remove and examine, replace

radlator hoses, if necessary.

5. Removed thermostat. &, Reinatall thermostat.

8. l.ocose or worn water 6. Tighten or replace.

pump drive belt.
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Tabie 2-3. Overheating and Overcooling Diagnosis Procedure--contd
Dingnoais Condition Corrective action
b, Overflow loss 7. Combustion gas leakage. 7. Currect a8 outlined in
equipment TM,

8, Faully thermosiat valve 8. Replace thermostat if valve

operation. in detective.

8, Clogged coolant passages. 8. Remove cylinder head and
inapect for clogged water
transfer holea, nozzles, and
other passages. Determine
it correct head gasket was
ueed and properly installed.
Correct any troublea found,

¢, Exiernal leakagu 1. Leeking hoses, pipes, or 1, Tighten or replace.
connections.

2, Leaking radiator core, 2. Replace radiator.

aeams, tanks, and jointe,

3. lLeaking water pump shaft 3. Repack seal or replace pump.

and housing.

4, l.eaking thermoatat housing. 4, Replace gasket,

5. Leaking cylinder head 5. Tighten or replace gasket.

joint.

8. Leaking cylinder head 6. Tighten or remove and seal

bolta or atuds, threads or replace.

7. Leaking core hole pluga 7. 'Tighten or remove and aeal

or drain cocks, threada or replace.

8., Cracke in engine hlock or 8, Replace head or engine.

head casting,
d. Internal leakage 1. Internal water jacket !eak- 1, Remove cylinder head, check
age. head gasket, head, and block
gasket surfaces, cylinder
bores, combustion chamber,
and water jacket for evidence
of leaks, blowby coolant
obstructions, and any other
defects., Note whetheér gas-
ket wag properly {natalled.
e, Overheating-no coolant 1. Obstructions and faulty 1. Clean passages, brush

ahortage

conditions.

Worn or faulty fan blades,
fan ghaft, and bearing,

Faulty ignition timing,
centrifugal and vacuum
spark advance,

Faulty exhauat aystem,
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guards. shutters, and air
inlet screensa, Stralghien
radiator air batfles, tins,
and fan shroud.

Check bladee for pitch and
tightneas, Check shaft

and bearing for wear and
end play. Repair or replace
ae necessary.

Adjust ignition timing.

Check exhauet system for
back pressure. Replace
defactive part or refer to
higher echelon,




Table 2-3, (verheating and (1vercooling Diagnosis Procedure--contd

Diagnonis

Condition

Corrective action

¢, (werheating-no coolant
shortage

f. Overcooling

5, Loose water pump drive
belt,

68, Faulty temperature gage

7. Collapsed upper or lower
radiator hoses.

8, Faulty thermostat.

9, Clogged radiator,

10, Clogged coolant passages,

11, Faulty valve timing.
1. Faulty thermostat,
2, Faulty temperature gage.
3. Extremely cold weather,

underloading, or short
operating perioda,

10,

Tightan or replace it
necessary.

Test and replace if necessary.
Replace i necessary.

Tesat and replace if neceasary,
Teat radlator for clogged
condition by obgerving

gravity flow from outlet,
Flush {f necessary,

Remove cylinder head and
clear clogged water tranafer
holes, nczzles and other
passages,

Adjust timing as required.

Test thermostat and replace
il it 18 defective.

Test gage and replace il
dslective.

Partly shield radiator.
Operate engine until it is

at proper temperature.

d, Special troubieshooting instructions,

(1) ¥Frozen coolant.

'rozen coolant may be checked by examining the coolant in the upper

radiator tank or by attempting to draw it into a hydrometer or by opening a drain cock.
Squeezing the radiator hose is not a dependable test. because the hose may feel hard
when cold even thoitgh the coolant is not frozen,

{2} Thaw solid freeze-up,

{4} ‘i'haw siush frecze-up,

which may stop circulation through the radiator.

If water is allowed to freeze solld in the cooling system, the
praciical way to thaw it out, without causing further damage to the engine or cooling
system, is to allow the vehicle to stand in 8 warm place or keep the cooltng syatem warm
until all the ice is melted. Under no circumetances should operation of the engzine be
attempted with the coolant frozen solid.

At temperaturea below the freezing point of antifreeze solution
there is no solid freezing, but a mass of amall ice crystals s formed in the solution

The safest way to thaw out a slush

freeze-up is to stand the vehicle in a warm place without running the engine, if certain
precautions are followed:

Cover radiator aml loosen pressure cap until it reaches VENT position.

With vehicle standing. run the engine as slowly as possible.

Watch the temperature gage closely and stop the engine whenever the gage indicates
that coolunt temperature is approaching the boiling point,

Do not a‘tempt to Jrive the vehicle until the entire rodiator rore feels warm,
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MARINE CORPS INSTITUTE. MARINE BARRACHS
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FENGINEER EQUIPMENT MECHANIC
L.esson 2
ngine Diagnosis and Repair

STUDY ASSIGNMENT: MCi 13.41c, Engineer Equipment Meachanie, chap g,

LESSON OBJECTIVE: Successful completion of this lesson, combined with on-the-Jjob
training using the principles prescnted. will enable you to diag-
noge gasoline and diesel engine problems and perform the nee-
easary repairs.

WRITTEN ASSIGNMENT:

A, Multiple Chotee: Seleet the ONE answer which BEST completes the statement or
answers the question. Aflter the corresponding number on the answer shect, biack-
«n the appropriate box.

Value: 1 point each
l. The aet of recognizing a problem (rom the symptoms i8 known as

a, diagnosing, c. adjusting.
b. troubleshooting, d. repairing.

2, How can the operator agelst you in diagnosing engine mallunctiony ?

n, By performing the datly maintonance

b. By providing the equipment specilications

e. By providing the necessary tools and equipment for repairs
d, By cxplaining the action of the engine

3. 1f o buttery-cranked cngine fails to crank, what check do you make firet?

it. Method of rranking ¢. Starting circuit
h, Iattery cble conncetions d. Delective attachment

4. Which will NOT affcet starting of a gasoline cngine that is being cranked at the proper
speed?

a. Air-fuel mixture

b, sSpark acrose the spark plug air gap
a. Compression of the alr-fuel mixture
il. Amount of oil in lubrication syatem

S, ltemoving & high=tension lead and checking the spark ag the engine is cranked will
NOT indieate

i, upark plug eondition,

b. that the cail is funetioning,

¢, that the contact polnts urce functioning.
o, that the maencto 8 functioning,
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8. When the gagaline cngine is cranking at the proper speed and there i8 no spark at
the highe tension lead, what I8 the first check to he made?

8. Hattery c. Conductors
b. Coil d. Moisture

7. The spark plugse in a gasoline engine that 18 using an excessive amount of oil will have

a. blisters on the porcelnin, c, an excess of dark oily carbon.
b, secales on the porcelain. ¢, badly burned electrodes.

8. What {s NOT indicated by a low-comprcssion reading?

a. Carbon deposits ¢. Defective rings
h, bhofective valves d. Defective head gaskets

9, What {8 the first check made to locate the cause of high oil consumption?

u, Conipregsion test c. Crankease ventllators
L. Visual inspection for leaks d. Spark plug condition

10, Overheuting of a liquid-cooled gasoline engine is usually caused by Insufficient
engine oll, insufficlent coolant and

a, improper fuel, c, overloading,
b, high RI’M’s, d, emall passages,

11. Which vngine problem s the hardest to diagnose?

u, Overhcating c. Ignition failure
b, Noises d, High oll consumption

12, A dull thud or knock heard when the engine 18 loaded indicates

a, loose main bearings, ¢, looss compression rings.
b, worn wristpin bearings, d, excess valve lash,

13. An engine with a metallle knock that ie loudest whon the engine 18 idling at about
2,000 rpm probahly has worn

a, connccting rod bearings. c. timing gears.
h. main bearings, d. valve guides,

14, \Which knocking nolse will be more scverc when a spark plug js shorted out?

a4, Main bearing ¢. Piaton pin
b, Connceting rod bearing d. Valve tappet

15, Which knocking noigc will disappra: or he reduced when a spark plug is ahorted cut?

a,  Piston pin c. Flywheel
e, Vulve tappet d. M:iln une connceting rod bearineg

16, Wihat i8 the flret check ‘o make if a squeaking nojgc 18 heard when an cngine 18
aceelerated vapidly?

i, Witer pump c. ciceur train
h.  ¥un bedts J, Generutor
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l?‘

e,

20.

21,

23,

24‘

L3, 41

l.ow oil pressure, combined with a knoeking noige, would probably indicate a

n. worn main bearing. e. dcfective oil pump,
b, clogged oil filter, d. defcetive rellef valve,

In a gasolinc cngine, what ig thc most comrmon ciwuee of logs of power?

it. Miefirlag cylindere ¢. Worn rod bearings
b, Worn main bearings d. Worn piaton pins

if there {8 doubt about the serviceability of a sealed component, what should be done ?

i, Disangsemhle and repair it.

b, Replace it or refer to the proper echelon for repair,
¢, Reingtall the unit ag is.

d. Clcan, adjuet, reseal, and ingtall.

What could happen if a spark plug is overtightened?

a. °I'he spark plug would be dietorted.

h. A perfect scal for compression would be provided,
e, The engine would produee morc power.

d, It would prevent exhaust gases from eecaping.

On the Briggs and Stratton gasoline engine, the crankshaft end play is adjusted by

a, adding or rcmoving gasketa,

b, adding or removing ghlms.

e, using undersize or oversize thrust bearings.
d. using the adjusting nut on the erankshaft,

Which gervices should be performed before attempting to diagnose the diesel enginc”?
a, Beforc-operation ¢c. Weekly
b, After-operation . Quarterly

If a diesel cngine will turn backwards, but not in the normal direction, the trouble
is probably

. u defeetive head gnsket, ¢. oeeized main bearings,
b, water In the eylinder. d, defective elcetric starting ecircuits.

What would be indicated when a Detroit diesel engine is operating at 1, 200 rpm and
about one gallon of fuel per minute 18 returned thru.the return line ?

a. Bad fuel pump ¢. Excess peturn flow
b, Insufficient return flow d, Normal return flow

tiow will the cngine respond if two different-gize injectors are jnetalleu Inan engine?

n, It wiil fail to start. e. It will operate crratically.
b, It will be hard to start, d. It will operate normally.
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3. Matching: In each of the groups below {itoms 28 through 40), match the cause in column 2
with the appropriate symptom in column 1, After the corrosponding numher on the answer
sheet, bincken the appropriate box,

Values 1 point vach

Column i
SYMPTOM

Engine fails to turn

Crank ing motor Ihoperative

b,
c.
d.
e,

a,
b,
c.
d.

a,
b,
c,
d,

W

27. Engine oll tov heavy for temperature
28. [nternal seizure
Engine turns but falls to start
2%, Low englne cr;nklng speed
30, Sufficient cranking speed
31. Insufficlent engine power
Engine does not develop fulli power-
uneven operation
32, Insufficlent air to engine
33. Air leaks around intake
34. Poor fuel
33, Air in fuel system
36, Internal wear or damage
Englne noines
37. Sharp rup at idle
38, Moatatlle knock when ldiing or slowing
duwn that disappears under foad
3%, Conslant rapld clicking
40, Combhustion knock
Total Polnts: 40
x W
Vi, 41
s 25 p. 4

Column 2

CAUSE

Master switch off

Poor fuel

Broken or damaged parts
Emergency shutdown closed
Incorrect viscosity oil

No fuei or Incorrect fuel

Incorrect engine adjustment
Transmiselon controls not in ncutral
Battery output low

Defective intake iianifoid gasket
Leaks In fuel system

Defective valves or plstons
Ciogged air intake system
Improper grade fuel

Faulty connecting rod bearing
Incorrect valve adjustment
Looge piston pin

Plston slap

Incorrect injection timing
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Chapter 3
DIAGNOSIS AND REPAIR OF POWER TRAIN COMPONENTS

C‘hapter objectives: A student Successfully completing this chapter will be able to identify
the procedures necesmary to diagnode and correct malfunctions of the:

. clutch.

. transmission,

. propelier shaft,

. differential and final drive.

i G DY

3-1, GENERAL

The parts and component® of a vehicle used to direct the energy produced by the engine to
the part doing the work are called the power train, Webster's dictionary defines power train
under two words: *‘power.mechanical or electrical force or energy, ** and “train-a series of
moving pleces, as wheels and pinions, for transmitting and modifying motion.’* From these
definltlon®, you can see wby the energy that flows from the engine to the work is transmitted
through what i® called the power train; the power must be modified. A device fur slowly engaging
the power is necessary to prevent excessive loads 8nd shock on the engine components and the
vehicle. Devices are peeded to change the direction of power flow if one engine is to provide
power to propel the vehicle and perform other job#. Devices are needed to provide different
power end speed requirements 8o that the vehicle can do more than one job economically at one
tim., A device is needed that will allow stOPping one or more operations without interfering with
another. These are called clutches, transmissions, propeller shafte, differentiais, rinal drives,
brakes, and other special-type systems. Like other vehicle components, they will develop male
functions that you will be required to locate and repair. Diagnosing malfunctions of and repairing
these components is similar to engine diagnosis and repair: follow the flow of power, {soclate the
problem, and perform the repairs. To properly diagnose the malfunctions and repair some of
the components, you will need special toola such as pullers, measuring devicas, and test aquipment.

3-2, CLUTCHES

An cnginc has very little torque when operating at elow speeds. Also, more power i8 re-
quired to gtart moving o vehicle or its machinery than to keep it going once it i8 in motion.
Hence, it 18 gesirable to have a device that will allow the engine speed to be increased before it
ie required to start muving the vehicle or its componcnte. But. a8 gtated in the preceding par-
agraph, a sudden connection of the engine to the power traln would result in a severe shock and
poseible \Jamage. $Such shock can be avolded by slowing the engine epeed and using one of the many
types of itlevices to connect the engine ‘o the power train, thus gradually applying the load. The
engine will not be overloaded and there will be no sudden shook, This device is called the
clitch. There are mechanical, electrics!, and hydraulic clutches available to perform ihis
job. For this portion of the course, only the mechanical clutches Will be discussed unless
they are combined with another type for a specific application. The mechanical clutches are
disk, expanding, contracting, and cone types. They operate on the principle of pressure
and Iriction and can be used anywhere that there is a need to break the power flow in the
Power train.

a. Engine clutch. The engine clutch is often referred to as the master clutch. It 18 the main
clutch between the source of power and the vehicle components. A vehicle may be equipped with
any of the clutches listed above, but the plate disk type is the most popular.

(1) Mobile crane. The carrtcr {truck) engli®e clutch {Iig 3-1) is of the adjustable, dry disk,
pushi=type construction. It is model 14-ML manufactured by the Lipe-Rollway Corporation.
It i a wingle piate clutch attached to the engine by mating the slots in the flywhoel rirg
with the driving lugs on the pressure plate. The driven disk {s splined to the tranimission
shaft. The driven disk ia the part that connects the engine power to the tranamisnion.
Spring tenslon (10, ig 3«1) causes the loevers to move and squeeze the driven disk
between the pressure platc and the flywheel: the pressure and friction cause it to turn
with the flywheel. When the spring is compressed, the pressure is relieved and ree
tractor springs (17, lig 3=1) pull the pressure plate back and allow the ariven disk
to move away from the flywheel. Maintenance of this clutch, other than lubrication, is
performed at the fleld maintenance level,
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| Engine flywheel

2 Driven disk faclng

3 Facing rivets

4 Pressure plate

% Clutch flywheel ring
6 Adjusting shims

7T Adjusting strap

8 1=‘l)rwh(u|‘5 ring stud nut
9 Lock washer .
10 Pressure spring

11 Spring equallzer ring
12 Clutch release bearing
13 Sleeve

14 Lever locking bal's

15 Adjusting plate

16 Spring retainer pin

17 Retractor spring

18 Pressure levers

19 Fulcrum rings

20 Snap ring

21 Flywheel ring stua

22 Driven disk assembly

Fig s=1, Sectional vicw of the 150-T486 truck-mounted
crane-shovel carrier engine clutch.

(1) Diagnosis. Most problems with the 150-T46 cranc-shovel carrler englne clutch are
listed under four headings; sllpplng, grabbing, rattling, and dragging. Although the
clutch will wear from normal use, most problems are caused by lmproper lubri :atlon
and gperation.  ‘The operator either fails to lubricate or clse he overlubricates, lle
will drive with hig foot resting on the cluteh pedal and slip the eluteh excessively.
Slipping will wear the clutch faclng and causc heat which wlll weaken the springs, warp
the dlsk, and damage other clutch parts. In the discussion that followd, notice that
certain causces will apply to each problem. For example, oil on the linlngs can cause
slipping, gralibing, and drapgping,

1, Slipping, Thls is probably the causc of mast engine clutch problems. The first in-
dlication |8 a change in the distance that the clutch pedal moves to engage and disen-
gaage the clutch, The pedal rises up farther than normal before the clutch will engape
aml mowve the vehicle, There Is also a difference In englne operatlon; it will maln-
tuin sufficient rpm to prevent exeessive lugelng when applled to loads that woula nor-
mally causc it to stall or require u lower gear ratlo, Thls docs not mcean that the
clutch will slip s0 much that the engine will not move the vehlele., There are many
vuusces for o slipping elutch, but overlabricution and Improper adjustment are the
first things to cheek,  You wlll notice that these first two causes are listed on vqual
leems, Knowing who the operators were and thelr lubrication und operatlon habits
will Lielp In diagnosing the problem and determining the true causc of the problem,

If the cluteh is slipping because of overlubrication, it will soon wear to the point that
an adjustment 8 required,  IF the linings are oil-soaked from overlubrlcation, an
adjustment will do very little good or not las. very long. However, if there ire no
dlgms of exeess grease o oll in the clutch compartment, an adjustment may be all
that is required, Tbe cluteh 18 adjusted so that there is 1 1 {2=in, free movement at
the eluteh pailaly [t requires ad usting when theve is 34 in, or leas free movement
of the ¢luteb petal with the eluteh engagedor when the pedal strikes the floor, A
weak pressure spring will fril to apply the neccssary predsure and will allow the
cluten o =1ip,  Worn disk linings nlso cause clutch slipping.  In addition to wea ring,
the Lahitits somavimes become glazed and slip,
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4, Grabbing, There are many things that will causc an cngine clutch to grab, but the
caslest place to atart checking ie the control linkage, The linkage must work freely
to engage the clutch emoothly, BRent, broken, or corroded parts will cauee the 1ink-
age to bind, An oil~-soaked lining will alao cause the clutch to grab. [t will elip
until sufficlent pressurc is applied to overcome elipping, then it will grab.  Loose
engine mountings will allow the engine to rock far vnough to causc clutch grabbing.
Worn or burred aplines and weak or broken petractor eprings will prevent free and
even movement of the clutch diek and cause it to grab. Weak or broken pressure
levers will causc the driven disk to bind on the aplines, Cracks or heat checks on

the preseurc plate or flywheel do not provide the emooth surface required for emooth
clutch operation.

3. Dragging. Slipping and grabbing to most pcople arc eelf-explanatory, but when
dragging 1s mentioned, many different definitions are thought of. Some think of the
clutch contacting and rubbing gom,e part of the vehicle. Some think it is one of the
parts worn 8o badly that it is reducing the amount of power delivered to the traps-
misaion. But for the purpose of thig text, it means the clutch hae not completely
relcased and etopped turning even though it 18 in the disengaged poeition. The
driven disk contacte the flywheel or some other turning object with enough pressure
to caude it to turn. 1t acts ae if it hag been adjusted too tightly, and improper ad-
justment ig the first thing to check. Oil or grease on the linings can cause them to
swell and drag. An accumuistion of dirt in the clutch can cause it to keep turning.
Damaged eplines on the clutch disk or the transmiseion shaft, and weak oy broken
retractor springs may hold the clutch disk in contact with the flywheel. Warped
parte can force the clutch into the flywheel and cause it to turn. It i8 alao possible
for the clutch facing to break and wedge iteelf or saome other materisl beside the
driven disk caueing the cluten to drag. The driven diek and all parts that rotate
with it must be tree of any parta that rotate with the engine. This incluaes the pi-
lot bearing mounted in the flywheel to support the end of the transminalon shaft that
the clutch disk is splined to,

il

4, Rattles. A rattling or knocking noise on any machine ie probably one of the most
difficult type of problems to disgnose. It is hard to locate just what part of the
vehicle i8 rattling. Even after the rattle has been traced to a apecific component,
it is still difficult to pinpeint the cause. However, some of the causes for rattles
may algo cause other problems such ag dragging. Weak retractor eprings can
cauge rattlea and can also be agsocisted with a dragging :lutch. Weak springs will
not hold the driven disk firmly and causee both the digk and the springs to rattle.
The nolse i8 usually more pronounced when the clutch ig disengaged. A loose fly-
wheel ring bolt will allow the clutch .o rattle and may be associsted with grabbing,
alipping, or dragging. The looseness of the flywheel ring allowa the clutch assem=
bly to float into and away irom the flywheel at random. This in-and~out movement
is not nlwaye cven and can cauee other eymptome. The metal-to-metal contact is
what causes the rattle. A poorly centered release yoke will algo cauee rattling.
Vibration of the transmission ghaft will cause the metal yoke to strike the release
bearing, causing a rattle. This may also cauee a grinding. squealing, or other
nolse, The wear caused by a poorly cemered release yoke may wear the¢ release
bearing which can cause other noises, including a rattle, in extreme cases. Re-
lease bearing nolee, other than rattle, will be the loudest when the clutch la par~
tislly disengaged. The rattle may disappear when the clutch is disengaged. A
worn pilot bearing can cause a rattle that will sound as if the rear engine muin
bearing i8 worn. The nolse will decrease or disappear when the clutch is engaged
because, when the clutch is engaged and there 18 no slipping, the pilot bearing,
tranemisseion shaft, and other parte turn with the flywheel a8 a unit, reducing or
eliminating the noise caused by a worn pilot bearing,

{b} Repalrs. The tranemiseion and clutch are removed as 1 unjt fron: the vehicle for re-
pair and repiscement of parte. BRecauee the ciutch must be removed and specisl
equipment ia required for proper adjustment, the repairs und adjustments are per~
formed by field echelon maintenance units. Some rattling problems can be eliminated
without removing the sssembly. The flywheel ring bolts can be tightened by removing
the inspection plate from the top and bottom, and rotating the flywheel ae they are
tightened. Adjustment of the clutch is accomplished by adding or removing shims
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{8, tig 3-1), The adjustment ia checked by using & straightedge across the fadn
of the clutch release sleeve and measuring the distance to the machine surface of the
clutch flywheel ring. Removing one shim from vach of the adjusting bolte will change -
. the distance being messured approximately 3/32 in. The control linnage is adjusted
when the podal etrikea the floor or (o obtain 1/8-in, clearance hetween the releage
aleeve and the relerec bearing. The cluteh is removed by dieconnecting the drive ghaftas
and {inkage from the transmiesion and the eontreol linkage from the clutch, Remove
the bolts from the flywheel ring and the bolta from the housing attached to the engine.
Slide the clutch and transininsion to the pear and lower it to the ground. The driven
ulsk can be roplaced without further disaspembly but, before remaving it frera the
ehaft, note that it has a long and a ghort side, Be gure that the new pari {g installed
properly with the wong side facitg the right direction. Inspect the flywheel and the pree-
vure plate clovely for heat checks, warpage. and erackd: Clean and inspect the othe:~
elutch parie for weur, cracke, and tightness. Inspect the pilot and releane bearing
for sorviceability, Check the trangmission shaft oplines for burra and mst. After e
assembly has been cleaned, inspected, repaired, and lubricated, it is reaay foi la=
stallation. To assemble and tnstatl, reverso the procedures {or rentoval and dis=
agsembly. After the clutch has been installed, review the procedures in the TM and
adjuat to apecifications.

(2) Grader. The grader i# equipped with a 16-in., single-plate, spring-londed, Rockford
clutch (fig 3=2). It i8 aimilar to the Ray City 150.T48 arane=shovel engine olutch, Howe
ever, the grader clutch control linkage is connected to and activates a clutch brake. The
prineiples of operation cre the same: preseure and friction. The clutch i# lacated under
the fuel tunk betwoon tite engine and the upper transmission. The clutch shaft is hellow
to permit ancther whaft to be aplined to the angine flywheel and transmit power indepen-
dent of the engine clutch. The engine clutch controle only the power flow for the pro-
pelling power train,

o
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Fie 3-3. Grader ch:ch aspembly,
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{a) Ddagnosiu, Very few problems are encountercd with the grader engine clutch, Decause
of the difficulty in luoricating, the clutch is seldom overlubricated. llowever, resting
the foot on the clateh control pedal while operating does cause more frequent pedal free
travel adjustment. Some of the cluteh problemsa encountered are discuseed below.

1. Slipping. Overlubrication, oll leaks from other components, and wear are causuvs of
clutch slipping. i ree pedal travel can be checked easily by using the drilled holes on
the clutch pedal. If the free travel 18 correct when the transmiesion lever 18 In ney-
tral or reverse. but insufficlent when in a forward gear, the cause 18 pruohably loose
bolty in the front power ynit support clamp. A clutch that has overheated will have
weak springs or a warped driven diek which can cause slipping or dragging.

3. Grubhing or chattering. Glazed lininge or rough driven disk mating surfaces cause
grabbing and chattering. Burred or dirty gplines also cause grabbing.

3. Nolscs, Most of the noiecs coming from the clutch compartmeunt are caused by a
defective reicaee or pilot bearing. Pllot bearing noise if reduced when the clutch
i+ engaged.

H Repair. ‘i'he cluteh pedal free travel can be adjusted by the crganizational mechanice,
but internul repaire reguire removal of the eclutch asgembly and muet be performed
by field maintenance ynitsa. The free pedal movement decreases as the clutch linings
wer* and adjustment i8 required when the upper hole in the pedal is even with the deck
plate. [t 18 adjusted by turning the sleeve nut on the control linkage ynder the deck
pliste. Th: adjustment i8 correct when the lower hole in the clutch pedal ig level with
the deck plute==with the pedail aepressed to remove free travel. The clutch brake con=
trol linkag~ adjustment is aleo checked and adjusted if neceasary when the clutch con-
trol linkage adjustment is changed. The cngine and the clutch must be removed from
the vehicle to repair or replace defective clutch pasts. They are removed as a group
and then the clutch is removed from the engine. Before attempting to lifi the group
from the vehicle frame, be gure that all electrical wiring, oil and fuel lines, control
linkage. mounting and attaching bolts, and other parts are digconnected or removed.
sShims are ysed at the rear engine mounts and should be tagged and marked to insure
reinstallation in the same place. The clutch housing, shaft, and lubrication lines can
bv removed after the group 18 removed from the vehicle. To remove the ¢lutch assem~
iy from the flywheel, firat inetall and tighten four holddown setacrews to relieve the
spring tension. With the holddown setscrews in position, remove the bolts connecting

the backing plate to the flywheel and lift the clutch assembly from the engine. The
clutch=driven diek can now be replaced. If there i8 doubt about the condition of other
clutch parts, further disaseembly is necessary. First remove the four holddown
setdcrews, then disassemble the assembly, Clean and check the flywheel and pressure
plate for heat checks, eracks, and warpage, Check the springs for discoloration and
tension. The free length of an old spring 18 not ag great ag that of a new epring, but

if the old springs meet tension specifications and are not discolored because of heat,
they are satisfactory. Replace all defective parte and begin reassembly. (Note: If one
of the 24 gprings 18 repiaced, revlace them all.) Figure 3-3 iliustrates the sequence
of rehwsembly.  Tubricate the } earings as they are installed. Install the release lever
pin wity its head facing the dircction of engine rotation. To asséemble the backing plate
to the pressure plate {10, fig 3.4), tighten the holddown setscrews until the lever
cycholts touch the adjusting nuts, raise the lever, atart the nutg and tighten until the
levers touch the back plate. Then tighten the holddown getserews until the predsure
plate s reised the epecified distance from a flat surface. Finally adjuet the levers a8
specified by turning the adjusling nute. The gpecifications are different for a new
driven disk than for a ysed one. Install the driven disk, make Bure it faces the right
dircection, and attach the asscmbly to the engine flywheel, Before tightening the bolta,
uline the driven disk by ingeriing an old clutch shaft or clutch alining tool, Toque the
bolts antd remove the holddown setacrews before removing the alining tool. Install the
clutch housing and it8 attached parts. Be gure the lubrication tubes are connected to the
proper parts; crossing them can cause one part to receive too much 8rease and the
other not enough. The clutch pedal free travel is adjusted after the engine and clutch
hiwve been installed and the linkagea connected.
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1'1g 33, Grader clutch ussembling svquence,
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iig 3=3==contd

h. Hteering clutches, There are many types of steering clutches such as mulliple~disk, cone,
internal expanding, and external contracting, Some of these clutclies are equipped with baoster
aygtems which maoke it easier for the operator to steer tracked vehicles. Some vehicles have the
steering clutches (track controls) included as a part of another component such as the Case
M(:1150 acoopluader, it has the ctutches in the transmission, Hegardless of where
they are located or how tney operate, they are there to break the flow of power to tue tracks Bo
thut the tractor can be steered. Tley can function independently or together: the power cah be
atopped to one track or to both tracks at the same time.

{1) Crawler-tructors,

(a)l Cuge MCL50 vevoploader, The mechanieal power flow to the tracks t8 controlled in
the transmisston. !ligh and low speeds, and torward and reverse for each track are
provided by gears and hydraulically controllea multl=dtsc clutches. Levers connected
to hydraulle valves on the transmission allow the operator to manually position spools
in the control valves which conti-ol a pair of elutches regulating the speed or direction
of the rlght or left track. One track cun be direeted to travel forward while the other
is held in neutral or dirgcted to travel in reverse. The system s c¢alled track control
uystem rather thon steering clutches and some of the problemsy encountered are listed
as trohsmlssion problems, The planetary clutches operate In oil and there are no

adjustments to be made.
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1, bingnosis, Since the clutches operate in ofl with little wear problems and they can-
not Eie adjusted, most problems will be caused by the hydraulic system. Low drive
oll pressure will not fully engage the cluich. Thie will cause It to sllp. Low pressure
could be caused by clogged filters, kinked hoses. and leaky connections, However,
low ol lovel will aleo caure low oll pressure and should be checked first. Defective
or maladjusted control linkage will cause Improper functioning of the control valves
that direct the oll pressure. The last item to chuck for Improper functioning of the
track controla is the clutch disk. Although the track controla have been grouped here,

check the control valve operation, adjustment, and clutch for the aide that is cauaing
trouble.

2. Hepair. Proper maintenance by the operator and organizational mechanic will insure
that the transmission oll is at the proper level and that the oil filter is not reatricting
the oll flow. Kinked hoses can be straightened and leaky connections tightened or re-
placed. If it i3 necessary to adjust the comrol linkage, follow the step-by-step pro-
cedures outlined in the TM, Check the torque converter inlet relief valve which
starts to open at 260 pei and is completely open at 390 pal and the outlet relief valve
which starts to open at 20 to 80 psi. Then repair or replace a faulty converter
charging pump or pressure relief valve,

(b) Model 82-30M crawler~tractor, Steering of the Terex 82«30M crawler~tractor is

accomplished through steering clutches and brakes located in the reduction gear nous=
ing (tig 3=4), The reduction gearing 19 joined to the transmiseion and mounted in the
drive case. The reduction gearing gives final gear reduction at the transmiesion and
charges the direction of the power flow 90%, It also has footbrakes for holding the
tractor, and hydraulically operated steering clutch and brake packs for turning it.

A steering cluich and brake pack ia located on each side of the reduction gear housing.
Fach oteering clutch pack coneista of a piston housing. clutch hub, driving hub, seven
friction plotea, six reaction plates, a clutch piston, and a brake valve assembly. The
friction plates are splined to the clutch hub which is powered by the output shaft from the
bevel gear. The reaction plates are splined to the piston housing which transmits the
power to the final drive quill shaft. The clutch hub and the pistor. housing are locked
together during normal operation. Transmission operating oil preesure flows through
the steering valve and into the area betwoen the clutch piston and the piston housing.
This exerts pressure on the friction and reaction plates, locking them together. Pull-
ing back 2n one of the steering levers applies pressure on the oil (engine oil of W
viacosity: in one of the master cylinders, The pressure from the master cylinder acts
on the piston of a steering control valve located in the reduction gear housing. Move~
ment of the steering cottrol valve cuta off the oil flow to the clutch piston and directs
it belind the movable cam ring. This releases the pressure on the clutch »ack and
applies pressure to engage the brake assembly. The brake assembly can be actuated
mechanicetiy or hydrawlically, It has four friction and three reaction plates. The
diaengaging of the clutch pack and engaging of the brake assembly controls the flow of
power from the bevel pinion shaft to the finpl drive quill shaft.
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Diagnostn. Moat steering problams are caueed by fatlure of one of the hydraulic systems
{fig 9-5 and 3-6). Alr In the steering control aystem aots in the same manner as

air in a hydraulic brake system. The master cylinders must be full and the system
frea of air for them to move the stearing control valve as intended. Some of the hy=
draulic probleme may be associated with other tranemisaion problems because the
unme hydraulic pressure that controls steering controls the clutches in the trans-
mission. F'riction and reaction plate wear and brake adjustment also cause steering
problems. ‘{'he two main problems are slipping clutchee and dragging brakes; both

may be reported as “*tractor faile to develop full power.*' Start looking for the troublo
by first checking the master cylinder and transmission fluid levels, thon the parking
brake adjustment. 1f these are satisfactory, check the engine for proper operation

by making a converter etall tast: then make oil pressure checks, following the sequence
and procedures outlined in the maintenance manual. Low oll pressure can be cauped
hy clogged atrainers and filters, leaking )inea, aud defective valves, valve springs,

or pump. The pump 8 mountad on and driven by the torque converter. It provides

the oll for luhricating and the preesurs for operating the transmisaion and reduction
gear coniponents. The last items to check for steering trouble are worn clutch and
brake pack parts.

2
R, P : no lavaer $. L. H, pressure line 9, . H. blesder nose
Le ho o «. +4 lover 6., R, H, premaure line 16. R. H. bleesder hose
R, . master cylindor 7. Retasiner ,rackets 11, Stesring control valve
L+ H. master cylinder 8. R. H, pressure hose ' 12. L. H. presaure howe

Fig 3=5, Schematie of steering control syetem,
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2. Repair. The steering control system can be repaired without removing many parts
of t:ﬁo vehicle. Leaky lines are repaired or replaced. The master cylinders sre re-
paired or replaced tf defective and the system bled after any repairs are made. To
bleed the air {rom the system, keep the maater cylindev tilled with 5W engine oil,
pull back on the ateering levers slowly, and open the bleeder plugs (1ig 3-7}; close
the bleeder plugs before releasing the levers, The transmission hydraulic system
i a pelf-contained system with few external lines. However, there are openings
with plugs whic' can be¢ removed 8o thet a pressurs gage can be installed The valves
and regulators ure located cutside and inside the main components., For examploe,
the main pressure regulator valve is located on top of the converter housing while
the steering brake valve is located in the reduction gear housing, Access to some
of the valves will require removal of the assembly. The tranamission, converter,
snd reduction gesr housing sre removed B8 one sssembly, then dissssembled as
necegsary to repeir. The steering and parking brakes sre adjustable. There are
three adjustments necerssry to insure that the brake will hold the tractor when the
engine is stopped. Remove the inspection cover on the rear of the transmission
drive case and check the clutch peack clesrance on each elde, check the brake

effectiveness. and meke the brake lever ndjustment, if neceasary, by turning
the ndjusting knob.

{2) Crawler crane-shovel. The Marine Corps hes two different types of crawler crane-

shovels, each with s different type of steering aystem, The M37 crane-shovel’s msin
steering components are externalecontracting brakes, cone-type clutches which serve as
® method of engaging the brak2s, and a differential. Internal-expanding clutches break
thc flow of power, and externsl-contracting brakes hold the drum which steers the 2N
crane=-shovel. Engaging and disengaging the M37 steering system is by mechanical link-
age, while the ZN hag a combination sir and mechanical linkage. Steering crawler crane-
shovels seems complicated to some because the upper machinery can be rotated 360°

(a} M37 crane-shovel. The Steering biakes and cone clutches are mounted on the differen-

tial propelling shaft nesembly in the lower machinery {fig 3-8}, The steering brakes
are coptrolled by one lever in the upper machinery with linkage down through the ver-
tical propelling shaft and out to the clutches and brakes. The power flow to the tracks
of this vehicle 18 not broken. However, brakes can be applied which would affect steer-
ing. The crane-shovel is equipped with s differential which will allow one ghalt to turn
while the other is being held. Movement of the steering lever moves the linkage up

or down in the vertical propelling shaft, This moves a shaft which is connected to
cams mounted on the propelling shafts. Movement of the cams in one direction will
force one of the cone clutches into the drum and a spring will force the other cone
clutch away from the drum. When the cone cluteh contacis the drum, it trys to rotate
with the drum and shaft. Connected to the cone clutch {8 linkage to engage the externai=
contracting brake., The more the cone turns, the tighter the brake is spplied until the
drum snd shaft ere stopped. When the shalt i9 stopped. the track on that side {e stopped
and the crane=-shovel will turn. Moving the steering lever {n the opposite direction

will engage the opposite clutch and turn the machine in the opposite direction.

‘fable 3-1, Trouvieshooting M=-37 Steering

2,

3.

4,

Worn steering clutch jawe. 1, Adjust clutch jaws to compensste for wear,
Replace if neceasary.

Steering cluteh locking, 2. Adjust cluteh,

Loose or damaged control lever linkage 3, Repair or replace missing or demaged parts.

such as bent rods, missing clevis pins,
and ¢xcoessively wor: bell erank bushing.

Propelling chains t. » loose, causing jerky 4, Adjust propelling chains.

motion,

Complaint: Machine does not steer properly
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1, Steering hirake 6. Differential assembly
2, C(enter hearing 7. Vertical propelling shaft bevel
3, bifferential propelling shaft gear
hevel gear 8. l.ong shaft
4, Steering brake cone 9. Bearing
5. Short shaf 10. Sprocket

FFig 3-7, Dottom vicw of 1ower base.

1. Dingnosis. Improper lubrication, dirt and other foreign matter, and defective Yink-

age cause most M37 crane-shovel steering problems, The cone and brake lning
must be clean and free of grease or glaze. The shaft must be clean and lubricated
40 that the cone can move freely. The linkage must be connected and properly adjust-
«d,  [If the vehicle gteers hard or will not steer, check the linkage to be sure it is
connected il not binding,  Check the cone and brake lining for grease or glaze. Check
the cone to be gure it 1 not binding or sticking and will move freely on the shaft.
The last item to check 1s the adjustment. The above checks and a check of the pro-
pelling locks should also be made to determine the cause for fallure to release after
making o turn. Becauss of the differential, it i8 possible for something to block or
bind the track und cause the vehicle to act as if the steering is failing to release.

2. Repair. Cleaning the cone clutches can be performed without removing them from

the vehicle, (leaning the brake linings will 1equire removal. Binding linkage can
often be corrected by lubrication. 1f the linkage is broken or binding because of hends,
cemoval and repair or replacement is necessary. Adjustments gre made by adjust-
ing rods thnt extend through the rear of the lower maochinery and asleeve nuts on the
linknge beiween the hrake shoes (fig 3=8). Note that the heads of the rods are markad
with an B and an 1, which indirate right- or left-hand threads. However, both rody are
turned clorkwige to tighten the brakes.
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. Sleeve nut 3. Brake adjusting rod
2., Plain nut 4., Brake shoes

5, Clutch adjusting rod

Fig 3-8, M37 Steertng clutch and brake-adjusting points.

®) 2N crawler crane-shovel. Steering of this crane-shovel is accomplished through air-
controlled internal-expanding clutches and external-contracting brakes mounted ol the
lower traction shaft. Two levers in the upper machinery control four air control valves
which direct air to release the clutches and engage the brakes, The clutch is engaged
and held in the engaged position by air pressure. The brakes are engaged by spring
tension and released by air pressure, Thie is a gafety factor on the vehicle so that
if an air leak develops or the system fatla, the brakes will automatically engage.
Alr to operate the clutches and brakes is trensmitted from the upper machinery to
the lower machinery through the vertical air tubes which extend through the vertical
tra~tion shaft, The clutches engage the flow of power from the bevel grar and tranemit
it tc the drum and out to the tracke, The brakes are designed to stop the deum from:
turning nd the track from moving when the clutches are disengaged. Functloning of
the clutch and brake on one pide will stop the track on that side and turn the vehicle.

‘I'he clutchep can be engaged or disengaged independently or together without damaging
the shicle,

1. Duagnosis, 1t is more complicated to diagnose the steering problem of the 2N than
those of the M37 because the 2N's steering malfunctione may have several poesible
causes, A slight air leak may allow the brake to drag or fail to fully engage the clutch.
Incorrect adjustment will cause sltpping, and corroded linkage may keep the clutch
engaged. Grease on the linings will cause slipping and glazing. Glazing may cause
grabbing, slipping, and hard operstion. Failure of the vehicle to travel straigiit in-
dicates that one clutch I8 elipping. If the crane-shovel fails to travel with both nlutches
engaged, make the following checks: system air pressure, track tension and pos-
sihle binding track. brake adjustment, clutch linings, clutch adjustment, control sys-
tem air leaks, and clutch and brake operation when the levers are moved, Failure
of the vehicle to turn when the corrvect lever is moved indicates defective valves, de-
fective air cylinder. or incorrect clutch or brake adjustment, If the valves are de-
fective or improperly adjusted, the air will not be directed to disengage the clutch
and engage the brake. Jf the air cylinder i8 defective it may not release the clutch
and engage the brake. If the clutch is too tight it will drag, and if the brake is
too 10oge it will not engage to stop the track.

2. Repair. The clutch and brake lininge can be removed, installed, and adjusted with-
out removing the lower traction shaft; only the clutch inspection covers need be re-
moved to expose the clutch and brake assembly, When the brake linings are replaced,
diyvsvsemble, clean, and inspect the complete assembly. Alr leaks can be caused by
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defective gaskete, seals. tubing, and loose connections. l.ooee connections can
eumetimes be tightened, but replacement is usually necessary to correct defective
parts. Check for nir lenke by applying soapy water to the suspectzd part. The
air~delivery pressure can be raised or lowered by turning the adjusting screw on
the valve, This s the only adjustment that can be made op the air valves. Turn-
ing it in raises the pressure.

Note: 3hould the lower traction shaft as sjembly be removed and disasaembled,
be sure the drilled air pasaages are properly alined during reassembly. Failure
to aline the passages will prevent installation of all parts and make it necessary to
again remove and disagsemble the lower traction shaft ascembly,

¢, Attachment control clutches, These are clutches used to control the power for the attach-
menta and the operating components, They are often referred to as operating clutches except
when discuseing a epecific clutch such as the front drum clutcti on a crane-ghovel or the right
clutch on a double~drum power control unit. Most of these clutches are either external.
contracting or {nternal expanding. However, some machines such a® the grader have jaw clutches,
On most mechines, the operating clutches provided a second break in the power flow; the first breax
ia at the engine (master) clutch,

(1) Double*drum power control unit. Ti'is unit uses two external-contracting clutches which
held drums that cause the planetary 8,'Stem to protate cable drums, 1t also hne two brakes
identical to the clutches which stop the cable drums when deeired. The clutch and brake
bands are interchangeable. Power 18 flowing to the unit when the engine clutch i8 engaged.
but it cannet operate the cable druma until the control clutches are engaged. These
clutches and brakes are partially protected by the housing, shields, and cover piates,
but dirt and water can still get in and cause problems,

(a) Diagnosis, Most problems encountered are complaints of drugging or slipping clutches
or brakes, 1n damp climates, the clutches Will usually drag for a short time when
you first start to use them due to either moiature or rust; mofature causes the lin~
ings to ewell and drag, and rust makes the drums rough and causes the bands to drag.
After the component has operated for awhile, the linings will dry and wear the rust
off the drumse. Then they may begin to slip because of improper operation or adjust~
ment. Slipping clutches can also be caused by grease on the lininge, glazed lininge,
worn linings, or warped bands. Overheating 18 another problem that is usvally caused
by slipping clutches, Bent or binding linkage will prevent proper engaging or releaping
and cause 8lipping and dragging which will overheat the bands. The bands usually warp
because they have been overheated,

(b) Repair. Adjustment procedures are usually stamped on a retal tag and attached to the
component. The proceduree outlined in figure 3-8 pertain to the model 281 cable con-
trol unit used with the Terex crawler tractor, The clutch and brake bands are re~
placed before the linings have worn enough for the rivets to score the drums. Replace:
ment 18 a'so necessary if they become warped, glazed, or oll-soaked. They can
be removi d by loosening the adjustment, removing the shields and covers, removing
the pins in the bands, and then lifting the bands out, Glazed or oil~soaked lininge can
scmetimes be clean¢d, wire-brushed, and reinstalled, Warping can sometimee be
prevented if the operator will slop the equipment, engage the overheated band, and
allow it to cool while engaged, After the bands have warped, they must be replaced.
Defective linkage should be cleaned, repsired, or replaced as needed, Broken or
weak 8prings must be repleced, KHeassemble the bands by reversing the disaseembly
procedures and adjust a® outlined in the TM. Wet and ewollen linings can ba replaced,
readjuated, or caused to 8lip until dry, then readjueted. Be careful uot tooverheat the
linings if you use the elipping meinod. Be sure that the drains are open to prevent water
accumulation. Drums which have rusted excessively may require pemoval of the clutch
and brake bands and sanding or turning on a lathe. Light rust can be removed by uee,
Adjust the bande to prevent 1ragging, and readjust after the rust has been worn off,
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1-Rrake apring screw 3-Clutch band ad).
3-Brake band adj sorew
Screw 4-Bearings

1. Loosen jam nuts and screws {2 & 3),

2, With unit running, gcrew in the adjustment screw (2) controiling the brake bands until
the bearinge {4) are centered between lovers, This can be checked through the opening
in the brackets. The bearings {4) must be centered with this opening,

J. Make certain thot the spring is saug, but not tight.

4, Put controj lever in aperator's compartment In neutral, Adjust the screw (3) con-
troliing the clutch bands until there is a running clearance between the clutch bande
and the clutch drums, [t will be properly adjusted when 7" to 9" of pull on the
operator's control lever will rajse the load., Tighten screw jam nut.

5. Pick up the load and place operator’'s control lever in neutral, 1f load does not drift
down, loosen screw and nut {1) until it just starts to come down., Then tighten the
acrew and nut until the load stops dropping. 1f the apring is compressed t0o much, it
will require excensive hand pressure to lower the load,

6. Make certain that all jam nuts are tight,

7. Compensaste for wear of band lining with adjusting screw(2 & 3),

Fig 3-8, Model 281 cable control unit adjustment procedures,

{2) M3 crane-shovel, This machine has three types of clutches and brakes used to control
the power flow to ite attachments: internaleexpanding, external-contracting, and jaw
clutches, They are engaged three ways: mechanically {through linkage), electrically,
and automatically. The front drum ie controlled by internal-expanding and external-
contracting clutches, and by external-contracting brakea. The noist drur is controlled
by an external-contracting clutch and brake. 1he dipper trip is controlied by an
internmi-expanding ciutch. Tne front ang hoist urum ana dipper trip ¢lutches yge a
booster control clutch {sometimes called an BZ clutch) to engage the main clutch.

The booster control clutch is an external-contracting type clutch that works similarly
toa brake. The band tries to stop u control wheel which i8 free to rotate until cone
tacted by a stop. Linkage between the ¢ontrol wheel and the main clutch will cause the
main clutch to engage. When the operator releases the bhooster control clutch, spring
tenglon will return the control wheel to ite normal position and releage the main clutch,
The dipper trip booster control clutch is engaged by an electric solencid. The horizon-
tal intermediate shaft {s controlled by internal-expanding clutches. They control,
through other clutches, raising or lowering the boom, swing, and travel operations.
The boom hoist {8 controlled by a jaw clutch and an external-contracting hrake. The
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Horizontal intermediate

shaft

(a)

(h)

boom hoiat brake worke automatically and ia installed 80 that movement of the brake-

drum againet the dragging brake band tends to engage the brake tighter. It and the

action of the worm and gear prevent the cable from unwinding unless power through

the horizontal intermediate ahaft and jaw clutch ia applied. Swing operationa are con-

%gglllf:c Ey l: janv: c{gtch j:hrollsgthc .t‘he 'l;::iaontal intermediate ehaft clutches and a mechan-
aimilar to a jaw ¢ ' lock ie a

teeth in the lower base assembly. The front andplgtt:r ldﬁ:' ;2::;::3::-‘: :x:n:l;f Roar

contracting and are engaged by mechanicnl 1inkage from the operating pedal directly to

the brake. Operating methods and the functioning of the booster control clutches cauge

the most difficuity during diagnosis and repalr. Figure 9-10
of the clutches. epa igu shows the location of some

Holist drum shaft,
clutch, and brake

Front drum shaft,
clutches, and brakes

and clutch
Boom Holst Brake Dipper trip
(located under (right side)
revuiving base)
Fig 3-10. Location of M37 crane=shovel clutches.
Diagnosie. The most frequent trouble with operating clutches is their fatlure to dis-

engage completely or slipping. The M37 crane-shovel clutches are exposed ts and
abaorb moisture from the air. This causes them to swell, dreg, and fafl to releame.
Moisture wtll algo cause the drumpe and linkage to ruet. This prevents free movement
of the linkage to release the cluiches or causes the clutch linings to drag on the rusty
drum. Although the linkage is partially protected by the machinery. it is exposed to
moieture, dirt, and debris which can cause it to bind, Small objects can also get caugh:
in the rears and bend or break the linkage. Vibration can cause the linkage to come
loose. Slipping can be caused by wear of the clutch lininga. maladjustment of the link-
age and clutch bands. lubricaat on the linings or drum, werped bands, and improper
operation. Most alipping probleme are caused by improper adjustment or lubricunt

oh the linings or drums. Improper adjustment will cause a clutch to dreg if too tight

or to slip if too loose. Both dragging and slipping will cause a clutch to overheat. This.
can cause the band to warp and cause drag or slip, even when everything else is cor-
rect. The M37 jaw clutches may (ail to engage or disengage, but they will not sllp.
Loose, binding, or improperly adjusted linkage cause most problems wtth the jaw
clutches. Of course, bent linkage will affect the adjustment. If the two mating sur-
faces make contact but fail to engage, a loud nolpe will be heard. The brakee and
boostar control clutchees are affected by the same thinge listed for the clutches.

Hepnir. Replace the clutch and brake bands hefore the linirgs are worn sufficiently

for the pivets to scorc the drums. To remove. loosen the sdjuating nuts, remove the pins
and eprings. and slide the clutch band away from the drum and off the shaft agsembly.

To install, reverse the procedure. The linkage can be adjustea to position the control
‘evers and pedals. to allow a clutch to be engaged and stay engaged unt!l released by the
operator, und to center and prevent clutch band dragging or slipping.

Note: The horizontal intermediate clutcher or linkage ure NEVER adjusted su they
will stay engaged; the operator must always keep pressure on the control lever to keep
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(3)

them engaged. The adjustments are made by loosening locknuts and turning « clevis,
glecve nut, or adjusting screw. The vontrol levar position apd booster control clutches
are adjusted as desired by the operator as lang as the main clutches will fully engage
apd dleengage. The main clutches are adjusted to the TM epecifications. The front and
hoist drum brakes are adjusted to hold the load when en,aged and to allow the drum to
rotate freely when completely disengaged. The compression springs are adjusted to
keep the band from dragging on the drum when released, Warped bands cannot be re-
paired and must be removed and replared. Ofl-goaked or glazed lininge can sometimes
be cleaned, dried, and reused. Bent or broken linkage must be replaced or repaired
while using good linkage of the same kind ag a pattern, Anytime tbe adjustment is dis-
turbed, make an initial adjustment before starting the machine, then operate the machine
until the bands reach operating temperature, stop the machine, and make the final ad-

justnient.
2N crane-~shovel: The clutches used to control the power flow to the attachments of the

TAKE IFF

___MORIZONTAL PING- ¥
W08 HOIST & RETRACT MAFT  \§,

2N crane-shovel are internal-expanding and jaw type, The brakes are external-
cot.racting, The boom hoist is equipped with a ratchst pawl in addition to @ brake, The
jaw clutches (fig 3-11) are used to st the power flow from the boom hoist clutcbes

to the retract clutch,

BLACK ARROWS
INDICATE DIRECTION

PARTS WILL ROVATE
UNDER ENGINE POWER

POWER

™ traction drive

engine  Swing
clutch

traction drive
clutch

Y

Boom holst
clutch ALK

oMM maArt

DRUM BHAFT

Fig 3-11, 2N crane-shovel power flow and location of clutches,
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Figure 3-12A shows @ swing clutch and @ boom hoist and retract clutch. Notice that
noth clutches are single=band type and very s!milar. lMost of the other clutches are
similar to these; they may be wider, have a thicker lining, or be of larger diameter,
yet they function in the same manner. One difference you can note in figure 3-12A is the
compensator spring; one 18 heavier and stronger than the other. One of the methods
used to engage and disengage the clutches ie illustrated in figure 3=12B. The other
operating clutcher are controlled by modified versions of the linkage shown. Installation,
adjuetment, operation, and lubrication affect the proper functioning of the clutches more
than anything elae. The bande are installed 8o that the live end (fig 3=-12) {»s connected
in the proper place. It should lead the rest of the band in the direction of rofation so
that it will aid engagement; it becomes partially self-energized. Clutches on this ma-
chine have a small frictioa surface compared to other makes of crane-shovels, Any slip-
ping or dragging due to improper installation or adjustment will cause excess heat and
faater wear. Overlubrication will cause lubricanta to get on the drums and linings which
can cauge slipping. Insufficient lubrication will cause the metal parts to wear faster
and will make it harder to maintain the proper clutch adjustment. Overloading or inteni-
tionally slipping the clutchee will cause them to slip, create excess heat, glaze the
linings, and cause abnormal wear on other machine parts. With few exceptions: the 2N

crane=ghovel clutches are adjusted to prevent toggle backlock (snap-over-center; stay
engaged) for safety reasons.

Tt il
wl | war

' L

HRDEERIBTNR [

o~

T

i

¥ig 3-12, 2N crane-shovel clutches and control linksge.
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‘a) Diag%ais. Locating and determining the cause of 2N crane~-shovel operating clutch
problems is harder than for the M37 crane-ghovel because the upper machinery is
more confined. Because of shields and machinery configuration, it i harder to ob-
serve the clutchea and brakes during operation and to make the necessary checks and
measurements when trying to locate the cause of a problem. The complaints are_
usually the same a8 those listed for the M37 crane-shovel, but it I8 more difficult to
locate and eliminate the problem. For example, a IN crane-shovel operator complaina
of the main drum shaft clutches either dragging or slipping, A quick check of the oper-
ations indicates that the clutchea should function properly. But the proper adjustment
and lubrication is not easily checked because of the shielding end the location of the
main drum shaft and its clutches. Poor lighting and obstructed vision are the biggest
problems; confined space is another Although the control linkage and clutches are
protected from ‘he weather. because this crane-shovel is normally used on beaches,
it is subjected to & more corrosive-type moisture than usual. This molisture will
cause the drums and linkage to rust and affect the engaging and disengaging of the
clutches. The abrasive action of the beach sand will cause the lininge and other parts
to wear faster and may cause the clutchea to slip or require more frequent adjusting
or replacing. The hard-to-reach lubrication points cause the operator to smear the
lubricant on the clutches or to neglect proper lubrication of some parts., Vibretion
will loosen improperly tightened adjustments, wear linkage parts, or cause bolts and
pina to fall out, resulting in dragging or slipping and possibly both. Overheating will
cause a band to warp so that it drags when disengaged or elipe when engaged

{®) Repair. You can remove and replace the clutch bands without completely disasse mbling
a paamcular assembly such as the main drum shaft assembly, But to repair or replace
some of the linkage such as the clutch spider. you will have to remove the assembly.
You should replace the bands befure the linings are worn enough for the rivets to ncore
the drums, whenever the linings become oil-soaked or glaged, and whenever the bands
are warped or damaged, The linings can be renewed if the clutch band ia still good,
Remove the old linings and rivets and inatall a new lining of the orrect size by clamp-
ing it to the band, drilling the rivet holes, countersinking the holes on the face of the
lining, riveting to the band, and bevelingthe aides and ends of the lining. If new
linings or band assemblies are not available, an oil-soaked or glazed lining can be
cleaned. dried. and reused as long as the rivets do not score the drum. Clean the
linings hy brushing and dipping in an approved cleaning solvent and drying with com-
pressed air. Worn or lost linkage pins or parts should b replaced as soon as possible
after discovery. Some of the linkage and levers have antifriction bearings which
require replacement from time to time. When a part is replaced, the adjustment
must be checked and corrected. Whenimaking the adjustment, follow the procedures
outlined in the TM for that specific clutch or linkage. New linings or band asgem=~
hlies will require frequent adjistment until worn in. Unless other procedures are
specified, operate the machine to warm up the parts before meking the adjustments,

3-3. TRANSMISSIONS

All tranamissions are designed to perform the same function. They provide a method of
changing the power, speed, and direction of rotation, Their construction and application vary.
Most of them are produced by a company other than the manufacturer of the machine on which
they sre used, However, a tranemission can ba identified by 2 tag or number, or by the vehicle
TM. A transmission t8 usually located in the vower train o that it receives the power flow
directly from the engine cluich: for some applications it s located elsewhere on the machine.

In the neutrsl poaition, some transmissions provide a positive break in the power flow.

a. Sliding-spur gear (%ig 3-13). This type of transmisaion has straight apur gears that mesh
with other atraight spur gears, It is designed so that some of the gears slide along a eplined
shaft while other gesrs ure held in position, Forks, controlled by linkage or a lever, move the
gears in and out of mesh. Detents hold the forks in position u.til the operator moves them for
another gear selection. Some trunsmissions may have the detente hold the gear rather than the
forks. Thy trensmission shown in figure 3-13 has four forward speeds and 8 reverse, Other
sliding-anur-gear transmisaiona are very similar.
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SHIFT LEVER

RECESS FOR QETENT

BEARINGS

{INPUT CLUTCH)
PINION SHAFT

COUNTERSHAFT
SEAL GEAR

NO. & COUNTERSHAFT
GEARS

SLIOING COUNTERSHAFT
GEARS GEARS

F.g 3=13, Four-~apeed sliding-spur-gear transmission.

(1} Diagnosis. Soma of the problems reported as transmission troubles are actually causad
Y some other part or component. A well~trainsd and experienced mechanic is an asaet
to the maintenance facility, especially for diagnosing tranamisesion troubles. tie knows
that noises can be tranemitted to a transmission from unbalancad drive shafts, worn
universal joints, loo9e drive shaft canter bearings, worn or pitted ring and pinion gears,
and clutch or engina. Butnot all units hava experienced mechanics, and tharefore they
must d'agnose the problem and repair the component with psrsonnel available. When

checking for tranamisaion noiae. raise tha vehicle off the dack and opsrate it in all 8peed
ranges. inclnding coasting (neutral). Determins the origin of the noise before condamning
the transmission. If the noise does originate .. the tranamission, try to determine what is
causing it. A growl or mun. when the gears are in the neutral position with the engine
runhing. ‘hat atope when the clutch is disengaged. indicates inaufiicient lubricant. worn
or broken pinion gear. worn reverse idler or countarahaft bearinga. worn pllot or pinion
ghalt bearings, or a bant countershaft. Noises heard in nentral may also appear when the
tranemiseion is operated in other gears. If a noise appeara only after the transmisaion

s operated in gear, the cause i8 worn or damagad main shaft bearings, worn or broken
sliding gears, or exceasive main shaft end play. Noisea are not the only problems with

a transmiseion. I will elip out of gear, be hard to shift, or develop lsake. Slipping

out of gear ip caused by worn detents, gears, bearings, and/or improperly adjusted
linkage, including the forks. Excegeive end piay of the reverse idler and countershaft
will allow the gears to work endways and cause tham to alin out of mesh. Hard shifting

{4 cauased by the clutch not releasing, distorted or burred main shaft aplinas, or im-
properly adjustad linkage. Ofl will leak by worn seals, damaged or loose gasketa, loose
bolte or plugs. A clogged vent will also causs preassure to force the nll out.
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{2) Repair. Because of variations in construction of transmissions, different procedures
must be followed in removal, disassembly, repair, assembly, and adjustment, Special
tools will be required for disassembly and aseembly of sgome transmiasions., If any
tranimission unit is unfamiliar to you, (ollow the procedures outlined in the TM, Clean
the tranemission and attached parts thoroughly before removing it from the vehicle.
I’rain the lubricant, remove the assembly from the vehicie, and then disassemble; some
tranemiseions are disassembled without removal ag 8 component. Clean the parts and
cage thoroughly with an approved solvent and use a putty knife or similar scraper to re-
move hardened grease, lacquer deposits, dirt, and old guskets. Pay particuiar attention
to the gmall drilled passages antd lube troughs: make aure nothing restricts the flow of
lubricantsa. The gears are lubricated by oil whieh clings to them after being splashed.
The bearings are lubricated by oil which f8 splashed into the troughs; the oil then flows
through the drilled passagen. Inspect and check all parts for wear or damage. Some
defects are visible, others will require the use of special tools and gages to determine
their condition. Replace or repair the wnserviceable parts. Where there i8 doubt abous
the serviceability of a part. it should be repiaced. Some parts may require replacement
in pairs, such as the replacement of the low-gpeed sliding gear and the low=gpee!
countershaft sear, if one 18 defective. Small crucke in the gearcase or covers can
sometimes be welded if they do not extend into the bearing bores. /Assembly 18 usually
the roverse order of disassembly, but use the TM as a guide. The TM is also used to
check the adjustment procedures and specifications.

b, Constant mesh (fig 3-14). The constant-mesh tranamiasion, {ts problems, and repair
procedures are very similar to those for the sliding=spur-gear transmission, However, iis
intetmal parta function somewhat differently. The main shaft gears in the constant~mesh trans-
mission do not slide in or oyt of mesh with the countershaft geare excupt for reverse. The main
gears aroe helical cut and are free to rotate on the main shaft. Reverse gear is a straight spur
gear. Tle main gears are locked to the main ghaft by shifter gear collars contrciled by a shift-
ing fork and linkage. All of the gears are turning, and by moving the amall ghifter gear collar,
one of thegears is locked to the shaft and tranamits the power. Notice in figure 3-14 that detents
hold the shifter gear collar in mesh with the main gear. The main gears may be pressed on the
main shaft or retained in position by snap rings. They are mounted on antifriction bearings so
they can rotate, Removal, disassembly, assembly, and adjustment procedures vary snd the
mechaniec should (ollow the procedures outlined in the TM.

Fig 314, Cutawsy view of & constoni- m.esh transmission,
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e, g%hromesh. The synchromesh transmission is basically a constant - mesh transmission
with aynchromesh clutches to engage the gears and {ranamit the power to the main shaft. The
gears are mounted in the same manner as in the constant-mesh transmission with a synchromesh
cluteh {fig 3-15) replacing the shifter gear and collar. Cone clutch surfaces on the synchromesh
clutch contact the cone surfaces of the drive gear and cause the shaft and gear to turn at the same
speed before the gear teeth contact. This eliminates the need for double clutching and prevents
clashing of the gears. When the main drive gear and the eliding gear, which is keyed or spiined
to the main shaft, are turning at the same speed, the spring-loaded ball will allow the sliding
sleeve to engage the main drive gear. The main drive gear shown in figure 3-15 is a part of a
larger gear with helical=cut gear teeth that mesh with a gear on another shaft. Some of the syn-
chromesh tranemissions alsoc use a sliding spur gear for first and reverse gear, When diag-
nosing and repairing the aynchromesh transmission, follow the same general procedures as were
outlined for the eliding spur gear and the constant-mesh transmissions.

Fig 3-15. Synchromesh clutch,

d. Torgmatic. The torqmatic tranemission is used in a variety of engineer equipment and
some of the principles are used in other components of the equipment. 1t is a constant-mesh
planetary gear system with hydraulically actuated clutches. A t9rque converter which mvitiplies
the engine torque transmits the power from the engine to the planetary gears. A pump at the
torque converter provides the hydraulic pressure for coutrolling the plaretary clutches and lu-
bricating the transmission. The torgn:atic is not an automatic transmission. It must be shifted
by positioning a control valve in the hydraulic valve body, but all speed shifts can be made under
full power. The shifiing can be done through linkage to the hydraulic control valve or electrically
through a solenoid. Figure 53-18 ig a cutaway view and figure 3-17 a schematic of tne hyaraulic
system of the torqmatic transmission used in the TEREX crawler-tractor. Notice that the plane-
tary fv8r8 are in constant mesh. Other torgmatic transmissions are basically the same ae the
one: shown.
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Fig 3-16, Cutaway view of torgmatic transmission,
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Fig 3-17, Schematic of hydraulic system of a torqmatic transmission,

(1} Diagnosis, In addition to nolse caused by worn or defective parta such @8 gesrs and
bearinge, the hydraulic system in the torqmatic transmission causes some problems.
Because the transmiasion operates in oil and the transmission hydraulic syvtems arve
run by the same oil, most of the maintenance is concerned with oil replenishment and
oil cleanliness, Low oil level, insufficient oil pressure, overheating, and contaminsted
and foaming oll are some of the problems encountered. Low oil level, a plugged atrainer,
a defective oil pump and serated {foaming) oil can cause low crnverter-out pressure.
Since the clutches are engaged by ol pressure, there may be {nsufficient pressure on
the clutches to cause them to engage, High oil temperature can be caused by low oil
level, low converter~out pressure, clogged or dirty hest exchanger, locked stators, or
overheated engine cooling system. Normal converter-out temperature is 190° ¥
and should not exceed 2600 F at any time, Foaming can be caused by incorrect oll, over-
filling, leaky system, or contamination. Some of the contaminants are water from con-
dengation or supply source, dirt, and metal particles from the transmission gears, bear-
ings, or olher working parts. To properly check and diagnose the transmission, it
must br. cleaned, serviced, and preesure and tempersture gages used, 1t must be clcan
to deterniine the location and cause of leaks, It must be serviced to insure that it con
taina the proper lubricant and 18 at the correct level; check the TM to determine if the
oll level should be checked when hot or cold, Hot readings are taken with the tem-
perature at 180° F, ‘Oil temperature and pressure must be checked to determine if the
problem is caused by the hydraulic aystem or by defective internal parts.
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(2) Repair, Torqmatic tranemiseion repaire below the depot maintenance level are limited
to t?ﬁhtenlng icose comnections, checking preesure and temperature, cleaning and re-
placing filters and strainers, and making minor adjustments and repair, internal re-
pair, overhaui, and rebuild are performed at the depot tevei. Intermedlate maintenance
generaily coneisis of the appambly being removed and replsced with a new or rebuilt one,
Romoval and instailution procedures vary with the different vehicies. For example, the
3-ton hydraulic erane ie sectionalized to facilitate tranymission removal in addition to
helicopter transporting. Therefore the sectionalization skide and tools will be required
to remove and install a replacement tranemisaion. Some vehicles, such ae the TEREX
crawler-tractor, require the tranemiss’on to be removed with other componants as a
unit, then removed and replaced. It should aleo be noted that a torqmatic tranemiesion
from one vehicie will not fit another vehicle., The method of mounting it and the location
of the engine and props llar shaft coanections are different aithough it {e the same model
trunemiseion. Since the procedures for removal and inatallation vary and the method of
mounting and connecting are different, a mechanic should refer to the TM for the epeeci-
fic vehicle before attempting to replace the assembly. Although internat repaire are
not performed at the lower echelons, the tranemiseion ie thoroughly checked before
belng replaced. A stall teet is performed and pressure checks made to insure that the
probleme are not caused by lack of mainteaance at the lower echelon. To parform a
fulf stall and preseure test, check the ofl lavel and operate the engine and transmission
long enough to bring them to operating temperature. Conduct the test according to the
procedures outlined in the TM for the vehicle, Figure 3-18 showe where the preesure
readings are obtained on one torgmatic tranamiesion; other TM'e will show the location
for checking a epecific vehicle. Engine rpm readings are taken from the vehicle tachom-
eter untess there {8 doubt about its accuracy.

Fig 3-18, Prepsure and temperature check points of a CRT~-3331 torqmatic transmiesion.
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3-4. PROPELLER SHAFTS

s, Introduction, The vehicle’s power, having been transmitted through a component such 2@
the transmisaion, ie carried along the power.train by a propeller, ot drive, shaft, Propeller
shaft is the common term; however, either can be used and is correct, In amphibious vehicles
both terms are used; propeller ahaft, to indicate the device that carries power to the propeller,
and drive ahafi, to indicate the device that delivers power to the wheela, The propeller shaft
may be either solid or tubular, The twisting stresa in & shaft varies from zero at.the axis to s
maximum at the outside. Since the center of the shaft resists only a small portion of .the load.
hollow shafts are used wherever practicable. It is attached to the components such as the
tranamission and differential of automotive vehicles by a universal joint or joints, and slip joints.

pe sl m logg.

{1) Because flexing of the aprings. component mounting, or operation cause the component '
housing to move forward and backward, s slip joint is installed. This allows the
propeller ghaft to lengthen and shorten as required by oparating conditions.

{2) A slip joint consists of & male and a feinale spline, a grease seal, and & {ubrication
fitting. The male spline is an integral part of the propeller shaft {fig 3-19) and the
female portion ie fixed to the universal joint directly behind the driving component,

As the component housing moves forward and backward, the alip joint gives freedom of
movement in a horizontal direction and yet is capable of transmitting rotary motion,

Lz
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Fig 3-19, Propeller shaft disuesembled.

¢, Universal joint. A simple universal joint {fig 3~20) is composed of three basic units:
one journal, and two yokes. The construction permits each yoke to pivot on the axis of the
journal, and carries the rotary motion from one yoke to the vther, As s result, the universal
joint can iransmit the power from the engine through the propeller shaft to the differential,
which is constantly moving up and down in relation to the frame.
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Fig 3+20. Simple universsi joint,

(1! Characteristice of universal joints, A peculiar charactertstic of the universal joint is
that it causen a drivén shaft t0 rotate at a vartable speed with respect to the driving
shaft. Thie variation ia in the form of acceleration and a deceleration of the apeed. twice
during each revolution of the driving shaft.

Tais vartation of speed cannot pe eliminated when a simple universal joint i8 used.
its effect can be minimized, however, by using two universal joinis {one at each end of
the shaft). If only one joint is used between the transmission and the diffarentiai, the
acceleration and deceleration caused by the joint i8 resisted on one end by the engine
and on the other end by the tnertia of the vehicle. The combined action of these two
forces producen great siresa on all parts of the powsr train, resulting in a nonuniform
force being agplied to the wheela. When two universal joints are used, the second joint
compensates for the speed fluctuations caused by the firast. To accomplish this, the angle
between the tranamiseion shaft and the propeller shaft must be the same as the angle
between the propeller shaft and the differentinl. Another requirement is that the two
yoken of the univereal joinis which are atiached to the propeller shaft, be {n the same
plane. 1f the yokes of the jolnis attached to the propellar shaft are in the same Plane,
the driving yoke of the first joint will be at an angle of 90° with the driving yoke of the
second. The two yokes attached to the propeller shaft act as the driven yoke of the
second joint. With this arrangement, the first joint i8 producing its maximum fluctuation
at the same time the second joint i8 producing its minimum fluctuation. This results in
2 nonvatying wheel speed for a giv  angine speed, even though the speed of the shaft
between the joints is conatantly changing.

In a universal joint, bearings are included at the four points where the journal is
attached t0 the yoken. 1in addition. one of the yokes usually incorporates a splined slip
joint. In one type of universal joint the joint itself incorporates a feature that permiis
variations in length of the propeller shaft.

{2} Journal-type universal joint. There are saveral variatians of the journal-type universal
joint, two of which are shown in figures 3~21 and 322, The universal joints of this type
vary from each other mainly i the manner 10 which the journal is attached to the drive
ing and driven yokes. For exemple. In the universal joint shown in figure 3~22, the
joumnal is assembled in the shaft and slip yokes; the bearing assemblies are inferted
from the outside, and are secured by spring bearing retatners inside the yokes. The
bearings on the tranaverse ends of the journal arv clamped to the flange yokes and
secured from outward movement by bearing vetainers. The universal joint shown in
tigure 3=22 differa froin that shown in figure 3-21 in the manner {n which the journal
ts attached to the flange yoke. In this universal Jomt, the bearing assembly is contained
in bearing blocks. The blocks are mounted against the flange yokea and sncured with
Jolte extending longi‘udinally through the yokes.
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Fip 8-21. Journal-type universal joint with. journal assembly in ehaft and elip yoke.

ROLT PLANGE YOKE

IPLINEO 1P JOmT -

GEARING BLOCK ASIT

130t

Fig 3-22, Journal=type universal joint with journal attached to flange yoke.

{3} General pounte,

(a) The univereal joint just dlecucsed is the moet common on Mo “ine Corpe vehicles.
Other types of joints may be found, especially on vehicles v ith 4~wheel drive where
a constant-velocity universal joint muet be used in the front axle; it reduces speed
variatione. For more detail on special universal joints, check the TM.

(b) Most universal joints do not require any maintenance for the life of the unit. Others
may require disassembly and lubrication periodically.

(e} Worn univereel jointe will make nolse. Check for worn universal joints by turning
the propeller shaft by hand. Excessive backlash ot loosenees can be felt by hand
pressure, Houghness at low t0 moderate speede oftsn indicates worn universal
joints,
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3=, DIFFERENTIALS AND FINAL DRIVES

Tha propelling powsr must be divided and directed to each driving wheel or track.
‘g 18 accomplished by a differential or a final drive. The flow of powar 18 turned 90°, Tha
methods of directing the power flow lor representative {tems of equipment are diascussed be-
low.

a. M37 crane-ahovel. This vehicle user a differential similar to that shown in Higure 3=-23.
it is located near the center on the undernide of the lower base asaembly. The power enters st
the vertical propelling shaft {pinion shaft) and rotatas each differertial provelling shaft {axle shaft),
"The bevel drive pinlon eplined to the veriical propelling shaft rotates the ring gear {(bevel drive
gear). A differential case i splinsd to ine ring gear and rotates With it. Enclosed in the diffesen-
tial case are fo r differential pinion (spider} gears and two differential side gea.s. These gears
are In mesh with each other, but are free to rotate in the differential case. The differential pro-
pelling shafts (one long and one short) are splined tc the side gears. If the resiatance 18 vaual
on hoth side gears. they do not rotate in the differential case, but turn with the assembly. When
there is more resistance on one aide gear than on the other. it triea to stop. This will causa the
pinions to walk around the gear with the moat reaistance. The piniona being in mesh with the
other side gear cause it to rotate. The differonce in the gear ratio will cause {t to rotate faster,
A3 soon as the rosistance equalizes, the pinions end aide geara stop rotating independently and
rotate as a unit with the ring gear and differential caae.

(1) Diagnosis. Very few problems are encountered with the differential of the M37 crane-
shovel, but, llke other parts and components, it will wear sud become uuservicesble, In-
correct tooth contact and clearance will cause the ring gear and Jrive pinion teeth to wear
enough to break under heavy load. Improper lubrication or adjustment and the preaence
of abrasives will damage the bearings and change the gear adjustment, This uaaembly
is protected on the bottom by an oil pan and partially protected on the top by the lower

, base assembly; it 13 not encloaed in a saaled case like the differential of your automobile
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IRAPY

HviL

PP ERINTIAL
oavE otan /' inge

ﬂ.’!l:’
AOLLE
WEARMNGS

Fig 923, Ditferantial with part of differential case cut away,

(2) Repair, Although the complete differential propelling ghaft assembly is usually removed
when repaira to the differential are required, the diffarential aseembly can be removed
without removing all of the other parts {fig 5-24). 1'oc remove oaly the differential, drain
the lubricant from the pan and remove the pan and the worication iines. Place jack standa or
cribbing under the propelling shaft between the coliar clamp and the steering mechaniam
to support the weight of the parts when the bearing caps that support the differential case
are removed, Remove the chains trom the sprockets and the collar clamps from the
propulling shafts. The Propelling ghafts can now be pulled out just far enough to clear
the differential case., Remove the beariny’ caps on each side and remove the differentio.
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Hanger 12. Bevel pinion

Pin 13. Tubing differential shaft center bearing
Linke 14, Bevel ring gear

Center bearing cap 15. Bearing cap

Nut 18. Tubing differential shaft side bearing
Lower bape apsembly 17. Split collar

Propelling brake drum 18, Pin

Bearing cap 19. Lower crank

Propelling brake drum sprockets 20. Pin

Tubing differential shaft outer bearing 21. Reach rod

Shaft

Fig 3-24. Differential propelling shaft assembly.

t +d ring gear, The pevel drive pinion is splined to the vertical propelling ghaft and
retained by capacrews. A gear puller may be required to remove and install it.
When worn beyond ppecifications, the tooth clearance and contact are adjusted by
shims and replacing of the thrust washers, Before divaspembling the differential
(tig 3-25), If the gears are still serviceable, mark them 8o that they can be rein-
stalled in the same position. Clean the parts in an approved cleaning solvent and
irapect them. Check the antifriction bearings for pits and scores, Check the thrust
washers and bushing? for wear, Check the gears very closely for pits and cracks,
and the wear pattern on the gear teeth, Check the phaft splines for bent, cracked,
chipped, or twisted splines, Replace all defective Parts; some of the gears must be
ordered and replaced as ets, Reassembly and installation are the reverse of dis-
assembly and removal,
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1, Halt cuge male 8., Washer 11, Pinion bushing
2. Washer 7. Half cape female 12, Plain nut

3. B8ide gear 8, Capscrew 13, Jam nput

4, Differential apider 9. Pinlon washer

5, Slde gear 10, Bushed Pinion

Fig 3-25. Exploded view of differential,

b, Grader. Attached to the rear of the grader tower transmission is the final drive assembly
(tig 3-367, It turns the power flow 90° just ae the differential in other machines, but it does not
allow one whee! to rotate while the other is being helds Wheels on both sides of the grader are
recelving power when power is being transmitted through the final drive. Power i8 transmitted
by the bevel pinion gear, which is made as part of the lower transmission shaft, being in mesh
with and rotating the ring gear, The ring gear is keyed to a ghaft and bull pinion; the compo-~
nent is called the jack shaft assembly when the ring gear and parts are assembled, The bull
pinion i8 in mesh with and rotates a bull gear, Splined to each side of the bull gear are axle
shafte which transmit the power to both tandem assemblies. The gear on the lower tranamission
pinion shaft and the ring gear are the spiral bevel type, Thie provides more tooth contact and
quieter operation, The bull gear and the bull pinion are the straight spur gear type, The bull
gear and the jack shaft assemhbly are mounted on tapered roller bearings which require adjust-
ment. The bearing preload is adjusted by adding or removing shime on the jack shaft assembly
and an adjusting nut on the bull gear assembly,

Lower Transmission

Final Orive
| Assembly

" Ring
‘cnr )

Fig 3-26, Final drive assembly.

Q) m'mu!il Complaints of final urive troubles are seldom received. However, the
component shpuld be chacked thoroughly when transmission noise problems pre being
chocked and repaired, Incorirect bearing adjustment or gear teeth contact, or defective
Parts can causé noise,

112




(2) Repair, Becauge the tandem, final drive, transmission, and engine must be remuved,
repairs are performed at fourth and fifth echelon facilities, Lower echelon shops are
not normally equipped with the special tools necessi\ry to perform the repairs. Some
of the special tools required are acales, gage block, dial .ndicator, pullers and press,
and 8 means of heating oll for heating parts,

¢, MRS-100 wheeled tractor, This vehicle is equipped with two identical axle aseemblise,
The only difference between the two is the manner in which they are connected to the tractor,
The rear axle has a rigid connection with the tractor frame, The front axle is connected so that
it can swivel, preventing torsional strain when traveling over rough terrain. Each axle consists
of an axle housing, a differential, two axle shafts with constant-velocity type universal joints,
two steering spindle groups, and wheels. Some of the parta other than the differential will be
discussed briefly because they must be removed to perform differential repairs and must be con-
sidered when diagnoaing problems,

(1) Axle assembly. The differential (fig 3~27) used in these assembliee i8 very gimilar to
the differential used in the M37 crane=shovel, It performs four functionss transmits
torque from the drive pinion to the axle shafts, chang: 3 the direction of rotation of the
drive parts 90°, provides for & reduction in the double-reduction axle, and allows one
wheel to turn at a different rpm from the opposite wheel, This tractor is also equipped
with a differential lock which prevents wheel-spinning where the traction is poor. When
the locks are engaged, the two wheels will rotate at the same rpm regardiess of resist-
ance, The axle is a double=reduction axle assembly; the first reduction is in the dif-
fereuntial and the second reduction is in the planetary gearing in the wheels, Power from
the propelling shaft enters the axle housing at the drive pinion, The drive (ring) gear is
bolted to the differential case snd is in mesh with the drive pinion, Therefore, it will
rotate when the drive pinion rotates, The differential pinions and side gears function
the same as those in the M37 crane-shovel differential unless the differential locks are

engaged,
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Capscrew
25 Camvier and cop ssembly 42, Drive goar
Cover, pinlon beering 26, Camier 4% Drive pinioo
Washer 27, Carvler cap 4 N
Saul W Washer 45\ Drive goar bolt
Caslwt 29, DBalt 46, Thrust wadher,
Bearing cons 30, Lodlowire tide sz
13 Bearing spacer and shime M, Lock 47, 34de poar
14, Spacat 32, Loclovesher 48, Spider
15, Shirme 3. Capscrew 49, Differential pinion
16, Beucing cage wmembly 34, Adjusting ring {fom)
17, Beuring cwp 35 Bewing cup 80, Theust washer {fonw)
18, Beariug cage 38, Basring cone Bi, Case half, plain
19. Bearing owp 37, Differuntial, deive gesr 82, Adjusting ring
20, Bearing cone aod pinion amembly 93, Dearing iArive piniom) hose}
21, Shims 35 Case bolt 54, lock
32, Copscraw 9. Nt 8%, N lock
2% Lockwasher 40, Cose, half, fsaged 58, Thrut screw
24, Dowsl (tapered) 41, Cearmt 37, Jam out

Fig 3-27, Exploded view of MRS+-100 wheeled tractor differentiat,
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The axle shafts rotate with the side gears or the differen.ial case. Splines on one side
of the differential case and a splined aleeve on one axle ifig 3-28) allow the operator

to lock that axle shaft to the case by moving s collar to engage both seta ¢f aplines. With
the axle phaft splined to th:: side gear and locked to the case, the side gear must rotate
at the same apeed ar che caae. This prevente wheel-spin becauge one eida gear must
rotate faster and one slower than the differential case during wheel-~apin,

1. Alr cyliader 5 Shiftiog caller & Axle shatt

o houtng 6 Spaces (intermal aad 9. Ade hove

y Shifting fork sxtamal splines) 10, Couirol Jever
florentts) case 7, Soapring 11, Side gewr

Flg 3=-28. Ditferential lock.

1t was stated earlier in this course that unless a special universal joint is uged there
will be fluctuation in the epeed of the ghaft, To prevent this, a conatant-velocity uni
versal joint aimilar to thai shown in flgure 3-20 I8 used. The universal joint provides

a means of tranemitting power to the wheels as they ure turned st different angles, The
spindle group (fig 3-30) serves as & means of supporting and steering the wheels. It also

houges the constant-velocity universal joint. Removal of the spindle group is necessary
to remove the differentlal.

Fig 3=-29. Constant=velocity uni-- 1l joint,
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Fig 3«30, Sectional view of axle steering end,

Diagnosie. Most of the problems encountered with the axle assemblies will be noise,
vibralﬁon. loas of lubricant, and hard staaring. vVibrations at the differential are
usually caused by broken gear teeth or excessive runout of tha drive pinion or beare
ing. Noise usually occurs in four different situations: continuous, while under load,
while coasting, or when turning. Worn or damaged bearings will cause a noise while
coasting or during coniinuous operation. Damaged or worn gears will aleo cause a
continuous nolse. If the ring and pinion gear edjustment is too tight, the noise will
occur when under load. Loose ring and pinion gear adjustment and excessive pinian
gear end play will cause @ noiae during coasting. Worn differential pinion (spider}
goears or side gears will cause & noise when turning. Worn, defective, or improperly
installed oil seals, 1oose nuts and bolts, defective gaskets, and cracked housings are
all possible causes for 1088 of lubricant. The differential can cause hard ateering if
the differential lock is engaged; remember that one wheel must rotate faster than the
other during turnse.

Reg?r. To repair or adjust the differential, it must be removed from the axle ar
sembly. Clean the assembly thoroughly and drain the oil from the axle housing. Mark
the housinga 80 they can be replaced in the same position. Remove the nuts holding the
housing outer end to the axle housing (fig 3-30), This will allow the axle shafts to be
pulled far enough from the sida gear splines to clear the differential case. Do not pull
the axle shaft on the differential lock side out too far before removing the diffe: :ntial
locking parts, Remove the propeller shaft and nuts holding the differential cerrier to
the axle housing and remove the differential assembly. Repairs and edjustmedt can be
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(2)

made with the differenttal carrier assembly cut of the axle housing. Clean and inspect
the assembly and repalr or rcpiace and adjust all defective parta. The spindle group
must be disagsembled to replace or repalr the axle shafta. For detalled Lnstructlon
pertalning to the axle asgembly repalr, refer to the TM for the vehlcle belng repalred.

Relation o other vehlcles, The axle assembllea used on the MRS=100 Wheeled tractor

are very simllar to those uged on other wheeled vehicles. Some parts of the axle ag-
semblies are Interchangeable, but be sure to check the stock number before pubstltuting
one of the parts. The axle assemblles of the MRS-100 tractor, the MB0 crane, the scoop
londer, and the forkiii. tunctlon allke. However, aome of the vehicles are not equlpped
wlth differertlal locks and some of the axle apsemblles are not steerable.
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UNITED STATES MARINE CORPA
MARINE CORPS (NSTITUTE, MARINE BARRACKS
80X (778
WASHINGTON, D.C. 0043

ENGINEER EQUIPMENT MECHANIC
Lesson 3

Niagnosis and Repair of Power Train Components

STUDY ASSIGNMENT: MCI 13, 41e, Engineer Equipment Mechanic, unap 3,

LESSON OBJECTIVE: Successful completion of this legson, combined with on-the-Jjob
training veing the principles presented, will enable you to diag-
nose and repair power train componenis guch as clutches. trans-
missions, propeller ehafts, differentiala. and final drives.

WRITTEN ASSIGNMENT:

A. Multiple Cholce: Select the ONE anawer which BEST completes the gtatement or
anawers the question., After the corresponding number on the answer eheet, black-
en the appropriate box,

Value: 1 point each

1, Which component of a vehicle transmits the energy produced by the engine to
the part doing the work?

a. Clutch e, Crankshalt
b, Power train d, Tranemission

2, What type of engine clutch 18 used in the mobile crane carrier?

a, hisk e. Contracting
b, Cone d. Expanding

3. What part of the engine clutch connects the engine power to the transmiséion?

a. Pressure plate ¢. Driven disk
b. Input shalt d. Left output ghatt

4. Wha 18 the cause of most engine cluteh problems ?

a. Slipping c. Rattling
b. Grabbing d. Dragging

5. When an engine clutch atarts to grab, the easiest place to check first is the

a. clutch lining, c. eagine mountings,
b. control linkege. d. burred splines.

6. What elutch deficieney can cause a rattling type of noise?

a. Weak retractor springs ¢, Cracke and heat ~hecks
b, Over lubrication d, Oll soaksd linings
13, 41
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10,

11,

12,

13,

14.

15,

When troubleshooting the grader ¢’ stch, looso bolts in the front power unlt aupport
clamp would be indicated by insufficlent free pedal in

a, forward gear. C. reverse,
b. neutral,

Which of the below listed tractors has track controts which allow the tracka to
operate independently of each other?

a, 72-3lMP ¢, Came MC1150
b, 82-30M d. MRS100

The cinich of an MC1150 torque cunverter that ia not fully engaging could be
caused by

a. high drive oi] pressure. ¢. high engine rpm.

b. 1low drive oil pressure. d. low engine rpm,

The last items to check on the TEREX 82-30M tractor for steering trouble are

8, leaking lines and defective valves,
b, clogged strainers and fllters.

¢, worn clutch and brake pack parte,
d, valve aprings and pump,

When bleeding the steering control syetem. what type of fluid should you put in the
maater cylinder?

. 5W engine oil c. Brake fluid
b, 10W 30 engine oil d. Heavy-duty brake fuid

Engaging and discngaging the 2N crawler cranc-shovel asteering system is through
what type of linkage?

a, Air and mechanical c. Flectrical

b, Hydraulic d. Air and hydraulle

The causes of most M-37 crane ateering problems are improper lubricstion,

dirt, and defective

a, linkage. c. propelling shaft.

b, tracks. d. upper machinery.

t‘ailure ot the N crawlar crana=shovsal 10 turn when the correct lever {8 moved
indicates incorrect clutch or braks adjustment, defectlve air cylinder and

a. defective tracks. c. exceasive speed,
b, defective lavers, d. defective valves.

The brakea on the 2N crawler crane=shoval are angaged by und released by

us air preassurs =~ hydrautics

b, hydraulica == vacuum

c, dpring tanslon == air pressure
d, spring tenslon -« hydraulics

13,41
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18, Should the lower traction shaft assembly be removed and disassembied. whe is it

nucesgary (0 insure that the Arilled alr passages are properly alined during reas-
sembly ?

u. To insure proper lubrication.

b, Unalined air passagee will prevent inatallation of all paris.
¢, 5o that the brake linings may be adjusted.

d, So that the clutch may be adjusted.

++« Most of the attachment control clutches are of what types?
i, External contra'cting or internal expanding

b, Jaw and cone

¢. Cylinder and cone

d. External expanding and jaw

18, Light rust on clutch or brake band drums on the attachment contral clutches can best

be removed by
a,  sanding, ¢, use,
b, turning on the lathe, d, 5W oil,

19, Most problems eni ountered with the operating clutch on the M37 crane-shovel are
vither failure to disengage completely or

a, slipping. c. grabbing.
b, dragging. d, rattling.

20, Most maintenance problems encountered in the torgmatic tranemisslon concern oll
and .

a, pressure~overheating

b, repleniahment=cleanliness
¢, temperature-level

d, IN pressure=OUT pressure

21. 'The torqmatic transmisslon ls lubricated by the same oil which is used

a, to lubricate the engine.
b, to cool the engine.

¢, to cngage the transmission clutches.
d. 1o lubricate the differential,

22. In a torqmatic transmission. locked stators, low oll level, clogged or dirty heat
exchangers or overheated engine cooling system would be indicated by

a, ligh converter-out temperalure. ¢, -high eonverter-out preysure,
b, low convepter-oul temperalure, d, low converter-out Dressure.

23. Major repalrs to the torgmatic transmiseion arc made at what level(s) of maintenance?
a. Organizational and Intermediate {(field)
b. Intermediate {field) and depot

e, Organizational and depot
d. Depot only

24, \Whai teetls) are performed at the lower echelons on a faulty torgmatic transmiselon
te insure that the problem |s not caused by lack of maintenance?

a, Sall c. stall tests and pressure checks
b, I'regsure checks d, Stall tests and tachometer tests

25. 1By what menns is a propeller ghaft attached between o transmiesion and differentinl ?

a, Universal Joints c. Shifting collar

b, Spllaca d. Keyoed and presved
13. 41
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26. How can the elfecte of epeed variation in a universal jolnt be minimized?

a. By using a slip joint

b. Hy using two universal Jointe with the yokes on the propeller ghaft in the same
plane

¢. By using journal-type universal jointe

d. By changing the angle between the driving componcnt and the propeller ghaft, and
between the propeller shaft and the driven component

27. Which statement about the MRS-100 differential is NOT true?

a. Dilferenttal noise usually occure while vehicle 18 under load.
b, Diffterenttal noise is usually intermittent.

c. Differential noise usually occurs when vehicle is turning,

d. Differential noise is usually continuous.

28. A dilferential noise that occurs under load is probably caused by
a, loose ring gear and pinion adjustment.
b, tight ring gear and pinion adjustment.

¢, worn bearings.
d., worn splder and side gears.

Total Points: 28
[ % »

13, 41
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Chapter 4
NIAGNOSING, TROUBLESHOOTING, AND REPAIRING AUXILIARY FQUIPMFENT

Chapter objectives: A student sucecssfully completing this chapter wiil be able to identify
the procedurce necessary to dlagnose and sorreet malfunctions of the:

1, hydraulic system,

2, compressor,

3, c¢lectrieal system,

4, steering system,

5, tracks and track frame asseemblies.

-1, GENERAL

linder normal operating conditions the auxillary equipment seldom neede repairs. Of the
auxtlinry aystems, the electrical will be the most troublesome; therefore, more emphasia {8 put
on tronbleshooting thig system. For more specific information, the TM for an individual piece
of enginecer equipment should be used.

4-2, HYDRAULIC SYSTEMS

Hydraulie systems are precision units and their continued emoath operation depends on
frequent inspection and servicing, It ie of primary importance that they be kept clean, with oll
and filters changed at established intervale, If, in apite of these precautions, improper operation
does oceur, the cause can uaually be traced to one of the following:

® Use of wrong viscoslty or type of oll.

® Presence of air {n the aystem.

® Ineufficlent fluid in the system.

® Mechanical damage or structural fallure,

® Internal or external leakage.

® Dirt, decomposed packing, water, sludge, rust and other foreign matter in the system.
® Improper adjustments,

® Heat exchanger plugged, dirty, or leaking.

a, Testing, Many belleve that fluld flow l8 a function vf pressure and that preesure gage
readings alone indicate good or bad ecircuite and componenta. The oniy poaitive way to test a hy-
draulic system is to use a hydraulle elrcuit tester,

b, Troubleshooting, Troubleshootera should follow a set procedure when troubleshooting a
hydraulic system, The procedure of STQP deacribed below is one such procedure.

$ = Study the hydraulle elrcuit diagrams

T - Test, using the correct tester

O - Organize the kncowiedge galned from circuit test results
P - Perform repalrs, taking time to do the job well

Any trouble shooting procedure must be 'by guass or by gage", but you should always test flow and
preadure at the same time. If you use a hydraulic circuit tester to test individuel components,
the return fluld must be directed back to the reservoir via plping outeide the aystem. If the fluld
{8 returned to the reservolr through the system®s piping, the result will be an {incorrect reading
because of buildup of back preseure. The following tables will list some of the problems which
may be encountsred and thelr remedies. They are not necessarily listed in the order of most
trequent occurrencea, Check the applicable TM for the equipment being worked on for specific
information about its hydraulic syetem. In general, cylinders wiil fafl first, Packing will wear
because of friction and loading againet the cylinder walls, Therefore, the cylindare should be {sclated
firat. When test results indicate a properly operating circuit, it ts positive proof of cylinder
malfunction, Other conditions could ocour not directly related to, nor caused by, the various
parts of the hydrauiic system which might show the same general malfunction of an improperly
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operating aystem. Some of them, such ar leaking hoses, packing glands, and seals, would be
visually apparent; others, such as binding in the directional control valve or cylinder piston rod,
a dented or deformed hydraulic cylinder, or a crimped or restricted pressure line, would be

harder to detect.

Table ¥ 1.

Improper Operation of Pumbe

Comglaint: Failure of pump to deliver fluid

Possible Caudes

Remedies

Low fluld level in reservoir.

Add recommended oil and check level on both eidea of
tank baffle to be certain pump suction {8 gubmerged.

[Oil mtuke pipe or inlet fliter plugged,

Clean fliter or otherwise remove obstruction.

Alr leak in inlet line preventing priming
or causing noise and irregular action
of control elrecuit,

Repalr lesks.

|Pump shait turning too s'owly to prime
iteelf {vane type pumps only).

Check minimum speed recommendatione in appropri-
ate TM,

1 viscosity too hesvy to plek up prime.

Use lighter viscosity olls Follow appropriate TM'e
recommendations for given temperature and service,

Wrong dicection of shaft rotation.

Must be reverscd immediately to prevent selzures
and breakage of parte due to lack of oil.

Broken pump shaft or parte broken
inefde pump. Shear pin or shear
linksge broken,

Refer to. appropriate TM for replacement inetructions

Dirt in pump.

Dismantle and clean pump, an flush system,

(n var.able delivery pumps, the stroke
is not right,

Check appropriate TM for instructions,

Complaint: No Preesure in aystem

Pirnp: ot delivering oil for any of the
reagone given above in thia table.

Follow remedies given above in thig table.

Relief valve not functioning properly.
{3) Valve sctting not high enough.

{b) Valve leshing.
{c) Spring in relief valve broken.

Proceed as followat

(a) Increase pressure setting of valves (check TM
for correct pressure),

(b} Check geat for gcore mark and resgeat.

{c} Replace spring and readjust valve.

Vane or vanes stuck in rotor slote (vane
type pumps only.

Inspect for werged chipa.
Inepect oil for excesnive viscosity.

tead luose very infrequent).

.

Musgt not be tightened too tightly. See TM's iustruc-
tiona before tightening.

t'ree reelreulation of oil to tank being
allowed through aystem.

A return line may be open duc to either u directlonal
valve being eet In the open-center neutral position o1
some other valve unintentionally open.

Intvroal feakage In control vnlves.

10 determine location progreeaively, block off vari-
ouse parts of circult. When trouble is located, re-
pair. |

4-2
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Table 4-1. Improper Operation of Pumps ==gontd

Complaint: Pump making noise

Posasible Causen

Remedies

il’artlally clogged intake line, intake
pipe,

Clean out intake. strainer. or eliminate restrictions.
Be gure inlet line is completely open.

IAir leake
{a} At pump {ntake plping joints,

(o) At pump ahafi packing ‘it
present}.

(c) Alr drawn in through inlet pipe
openings.

Proceed a8 follows:

{(a) Teat by pouring oil on joints while listening for
change in sound of operation. Tighten as required.

(o) Pour ofl around ahaft while listening for change
in sound of operatian. Follow appropriate TM's recom-
w.endations when changing packing.

(¢} Check to be certain inlet and return lines are
well below oil level {n reservolr. Add oll to reservoir,
if neceasary.

Air bubblea in intake oll.

Use hydraulic oil containing a foam depresaant.

Reaervolr air vent plugged.

Alr muat be allowed to breathe in the reservoir.
Clean or repiace breather.

|Pump running too faat.

Check recommended maximum speeds from appropri-
_ate TM.

Tou high oll viacosity.

Use lower viscosity ofl. Follow appropriate TM's
recommend itions for given temperature and service.

Coupling misalinement.

Realine.

Pump head too looge, or a faulty head
__ggsket.

Test by pouring il over head, Replace gasket or
tighten head, as neceasary.

Stuck pump vane (vane type pump).

Inspect for wedged chips or sticky oil and reasaemble.

Worn or broken parts.

Replace.

Ce¢ nplaint: Externsl ofl leakage around pump

Ishatt packing worn.

Replace.

Head of oll on inlet pipe connection,

Sometimes necessar
leakage. Keep all J

‘m{ w1l usually cause slight
vy t_{ ',ﬂt.

bamageﬂ head packing.

Replace,
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Table 4-1.

Improper Operation of Pumpe--contd

Complaints

Excesalve wear

Poealble Causes

Hemedies

Ahrasive matter {n the hydraulie oil
being cireulated through the pump.

Install adequate filter or replace oil more often.

Viscosity of oll too low for working
conditions.

Cheek pump TM'e recommendations or consult the tub}
rication chari.

Sustained nigh pressure above maxiroum
pump rating.

Check pelief or regular valve maximum eetting.

Drive misalinement or tight belt drive.

Check and correct.

Alr recirculation causing chatter in
_Byatem.

Remove air from eystem.

Posesible Causes

Complaintt Breakage of parts inaide pump houslng_

Remediea

Execusive preesure above maximum
pump vating,

Check relief or regulator valve maximwn setting.

[Seizuire due to lack of oil.

Check reservolir level, oil filter, and poseibiiity of
restriction in inlet line,

Solid matter being wedged in pump.

Tnatall fliter in suction line.

Excessive tightening of head ecrewa.

Follow appropriate pump TM’s recommendations.

Table 4-2. Improper Operation of Actuating Mechanieme

Complaint: System inoperative

Fosaeible Jauae

Remedy

Any of the reasons ligted in taoles.

Follow remedies given in tables.

Complaint; ticchanisme creep when stopped in Intermediate poaition

Alr in eystem.

Bleed the aystem.

linternal leak in actuating eylinder or
directlonal controi valve.

Replace piston packing or replace eylinder {f walle
are acored. Replace op repair valve. Clean unit
to remove foreign matter, then check cam clearance

Repair or replace.

p\y!_n_llnjgump.

It action is sluggieh on stariing up, but
somoewhat leas sluggish after operating
temperatures have increaeed, or if
action slows down after warm up {do-
pending on equipment and circuit de-
#ign), it iy probable that viscosity of
uit is too high.

Check TM lubrication order,




Table 42, improper Operation of Actuating Mechanlsms~~contd

Complaint: External oll leakage

Posslble Causca Remedies
Fnd caps. Tighten, lf possible, or replace gasket,
IChevron seals. Adjust or replace geal.

Complalnt; Abnormal packing gland wear

k’!yllud«r no\ acvurely tastened to frame, Tighten. This should be checked periodically.
vausing vibratlon.

Misallnemeoent of cylinder and piston rod  Check and corr-ct.
extension.

Slde load on plston rod. Check for alinement of cylinder, worn pins or ball
joints.
— - R ————

Ta%ule 4-3, Improper Op'vation of Accumulator

[Cosuplaint: Pressure from accumulatur drops suddualy when positlon of setector valve ls changed

Posslble Cause Remedy
Internal ¢r external leak In accu- Repair leak or replace accumulator.
mulator.

Complaint: Whea pump is running pressure {8 normal, but when
pump is stopped no preesure |s avallable

Leaking gae valve or leaking check Replace check valve or gas valve.
valve in hydraulie line.

Complalnt: Sluggish response frum accumulator

[Stoppage of o1l sereen in accumulator. Dismantle accumulator and clean acreen.
Gas precharge not sufficlent. Precharge according to appropriate TM's instructlons;

also check for gas leaks.
Note., Be aure all internal pressure {s released before repailrs are made on accumulators.

126




Table 4-4. Exceasive Heaiing of Oil in System

Complaint, ‘Heating causod by power unit {reservoir, pump. relief
valve, and coolers)

Posagible Causes

Remedies

Relief valve {8 get at a higher pressure
than necessary. Excess oll diesipated
through increased elippage in various
parta, or through relief valve or

Reset relief valve, after checking TM for correct
pressure,

through dirvectional valve,

Internai ofl leakage due to wear in pump,

Repair or replace pump,

Wiscoslty of oil too high.

Check LO for correct oil viscosity grade (o be used alr
various temperatures.

T

Pumps assembled after overhaul may
be assembled too tighily. This re-
duces clearances and increases

| friction,

Follow TM when rebullding a pump.

[Lioaking check valves or relief valves
in_pump.

Repair or replace.

Improper functioning of oil cooler,
or coolant in cut off,

Inspect cooler and see that it 18 clean inside and
outside and that alr flow or coolant flow around fins
is not cut ofl.

rl‘l(-atrlcted lines.

Complaint: Heating because of conditlons in system

It lines are crimped. replace; i partially plugged for
any reason, remove obstruction.

|[Large pump deliveries not unloaded
properly.

Make certain that open~center valves are neutralized
and that any pressure-relleving valves are in the
correct position. Only gmall pump volumes should
be allowed to remain at high pressures when run-
ning {dle for long periods of time.

insufficient radiation.

Use artificial cooling.

Ilntemal leaks.

_Locate leaks, then replace packing.

Reservolr too ymall to provide ade-
quate cooling.

Replace with larger reservoir, or Inatall cooler.

[Undersize valves or piping.

Check flow velocity through lines and valves and
compare with TM's recommendations. If exceesive,
replace by installing larger equipment.

{Note. .If the system operates continually at high operating temperatures, considerations should
he given to the instaliation of an oll cooler.

e S
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Table 4~5. [moproper Operation of Fluld Motors

Complaint; Motor turning in wrong direotion

Possible Cause Remedy
[Conductors eroesed between control Cheek eircuit to determine correet conductor connec -
valve and motor. tion between control valve and motor.

Complaint: Motor not turning or not developing prorer speed or torgue _

bystem overload relief valve adjustment Check system pressure and reset relief valve.
not et high enough,

|Reilef valve sticking open, Clean or replace relief velve and adjust.

|Free recireulation of oii to resecr- Directional control valve may be {n open center neu-
voir being atlowed through system. tral (apool not shifting when control {s operated),

check control velve linkage. ¢

{Driven mechanigm binding because of Check motor sheft for alinement.
miealinement.

[Pump not delivering anough GPM or Check pump GPM and presaure, repair or repilace.
preasure,

IMotor yoke not set at proper angle {on Adjust pump yoke angle.
adjuatable motors).

Complaimt: External oil leakage from motor

als leaking {may be due t0 drain not Check motor for 3d line {this drain line must go to
| being connected {rom motor to tank}. tank used on piston end vane motors).
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4-3. COMPRESSOR

The compreasor utilized aa auxitiary equipment provides the compressed air necessary
for equipment brake and steering systema. The proper maintenance 18 a necessity as the feil-
ure of this compreasor wouldl result in unaafe operating conditions. Table 4+8 1iste a few of
the fullures and causes. They are not listed in the order of most frequent oecurrence.

Table 4-8. Compressor Maliunctions and Remedies

-

Complaint Cause Remedy

a, Ilmproper air pressure. 1, Alr pressure ln system {s Check governor settings.
above normal. Adjust alr compressor un»
loading valves. Replace gov-
ernor il necessary.

—
.

2. Alr reservoir damaged 2. Inepect air reservoir and
replace il necessary.
b, Slow bulldup of air 1. Leaking foot brake valve, 1. Replace valve,
pressure

2, l.eaking alr compreasor dle= 2, Roplace sir compressor head
charge valve. assembly.

3, Leaking air pipes or connec= 3, Tlghten connections or replace
iions. pipe.

4. Air compressor untoader 4, Adjust untoader valve.
valve not adjusted correcily,

5, Clogged alr compressor 5. Clean filter.
fiiter.

6. Wornalr compressor pie~ 6. Replace piatons and rings.
tone and rings.

7. Leaklng relay valve. 7. Replace valve.
tt, Rapid loss of ale pres- 1, Worn or leaking air com= 1. Reptace head assemb!y,
=ttre whien englne s pressor diecharge valies.
stopped.
2, Leaking air plpes or connec~ 2, Tlghten connectlons or reprace
tlons. pipe.
3. lL.eaking foot brake valve. 3. Replace vaive.
4, Leaking safety valve. 4. Replace salety vaive.
5, L.eaking governor. 5. Replace governor.
6. [l.eaklng retay valve. 8. Replace relay valve.
i, Alp pressure too high, [, Broken alr compressor un~ 1, Replace cytlnder head sssembiy.

toader mechanlem.
2. Governor pot operating. 2. Reptace governor.
3. Defeelive ale gage. 3. Heplace governor.
4, Hestriction In line between 4. Remove 'ine and ctear restrlc-

governor and compressor ilon, Replace damaged line,
loading mechaniam.
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Table 4=8, Compreasor Malfunctlons and Remedies=-=contd

Complaint Caure Reme
5, Faulty unloading valve or %, Remove head, clean carbon
compressor. and reseat valves.
8. Unloading valve stuck closed. 8, Remove cylinder head and [ree
valve.
e, Air presdure will not rise 1. Defective alr g&ige. 1. Replace gage.
to pormal.
2. Excesslve leaks, 2. locate and correct leaka.
3. Reservolr drain cock teft 3. C'ose drain ecck then check
open, pressure bultdup.
4. Faulty unloader valve or 4, Adjust untoader vsive,
compressor,
5. Compressor drive belts slip- 5, Adjust belt tension.
ping.
6. Faulty compreasor. 8. Repalr or replace compressor,
f. Compressor knocka con= 1. Loose drive pulley. 1. Tighten pulley. Replace pulley
tinuously or Intermittently. or key |l worn or damaged.
2, Worn or burned bearings. 2, Replace,

4-4. ELECTRICAL SYSTEM

a, General. This paragraph provides a gulde for troubileshooting the electrical charging system
{hoth a.¢. & d.c.) and cranking system including the storage battery. These tables should be used
as a gulde only; for more specific Information consult the TM for the specific item of equipment being
worked on. The complaints and causes are not listed in the order of most frequent occurrence.

b, Generators. The charts below glve general troubleshooting guldeiines for d.c. generators
and alternatora.

Table 4=7. D,C. Generator Troubleshooting

Symptom Cause Remedy
a. No output. 1, Stleking brushes 1. Free. replace brushes & springs.
2, Gummy or dirty commutator. 2, Clean; turn commutator.
3. Burned commutator. 3, Clean; turn commutator and under
cut mica. Check current-regulator
setting.
4, l.oose connectlons or broken 4, Tighten or solder connections. Re-
leads. place leads.
5. Grounded armature, 5. Check with tester. Repair or replace.
6. Open armature, 6. Repalr or replace.
7. Shorted armature. 7. Check on growler. Repalr or replace,
8. Grounded field. 8. Check with tester,
9, Open [letd. 9. Check with tester. Repalr or replace,




Table 4-7.

D, C. Generator Troubleahootlng- ~contd

“Symptom

10,

ll.

gamg
Shorted fletd.

Grounded terminal.

10,

11,

Remedy

Check with ammeter. Repair or re-
place. ’

Repair or replace. Replace insula~
tlon or terminals a8 needed,

12. Broken drive belt. 12. Replace belt.
b. Excessive output. 1. Grounded field cir- 1. Check with tester. Repair or
cuit. replace.
2, Shorted fleld circuit 2. Test with ammeter. Repair or
with fleld grounded {n replace,
generator.
¢. Unsteady or low t. Loose or worn fan belt. i. Tighten or replace.
output. 2. Sticking brushes. 2. Free: replace brushed and springs
as needed.
3. Low brush apring ten- 3, Reteneion or Yeplace.
gion.
4. Dirmty, burned or geimy 4. Clean, turn commutator and under-
commutator. cut mica as needed. Check armature
for opens.
8. Out-of-vound, dirty, worn 5. Clean, turn commutator, and under-
or rough commutator. cut mica as needed.
6. Partial short, ground, or 6., Repair or replace armature.
open in armature.
d. Nolasy generator. 1, Loose mounting. i. Tighten mounting.
2. Loose pulley. 3. Tighten pulley.
3. Worn or dirmy bearings. 3. Clean or replace.
4. Improperly seated 4. Seat brushes properly.
brushes.
Table 4-8. Alternator Troubleshooting
Symptom Caupe Remed
a, No ocutput. 1, Open grounded, or 1. Replace stator.
shorted stator winding.
2. Field winding, grounded, 2. Replace rotor.
open, or shorted.
3. Brushes do not control 3. Check brushes and brush springs.
slip rings. Replace {f necessary.
4. Faulty diodes. 4, Check with LOW voltage d.c. test
lamp. Replace if tiecessary.
5. Dirty slip rings. 5. Clean with 400 grain polishing
cloth,
b, Exccasive output. 1. Grounded field circuit. 1. Check with tester. Repair or replace.
2, Shorted field clrcuit. 2. Test with ammetsr. Repair or re-
place.
c. Unsteady or low l. Loose or worn drive 1. Tighten or replace.
output. shaft.
2, Sticking byushes. 2. Free; replace brushes and springs
a8 needed.
3. Lo¥ hrush spring. 3. Retension or replace springs.
4. Partial tension short, 4, Repair or replace tielda.
ground, or open in field.
5. Dirty or worn 8lip rings. 5. Clean, turn, or replace.
6. 6. Replace,

Open or ghorted rectifier
or stator winding. :
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Table 4-8., A lternator Troubleshooting--contd

Symptom Cause Remed
¢, Nolay alternator. 1, Loose mounting. 1, Tighten mounting.
. Loose pulley. 2, Tighten pulley.
3. Worn or dirty bearings. 3, Clean or replace.
4, lmproperly acated 4, Seat brushes properly,
brushes.
5, Shorted or open recti- 5. Replace.
| fier or stator winding. e

¢, Voltage regulator. Different manufacturers of voltage regulators have different procedures
for making checks and adjustments of their regulatora. Always check the manual before making
adjustments, If there la any doubt and no manual is available, it is usually better not to attempt
adjustrnents, since the wrong adjustment may be worse than no adjustment at all, In the following
tahles, gome troubleshooting procedures are given.

Tablc 4-9. Voltage Regulator Troubleshooting

Symptom Cause Remedy
a, Charged battcry ana 1, Thia is normal opera- i, Check regulator setting if desired.

low charging rate, tion.

b, Chargod battery and 1, High voltage-regulator 1. Reduce setting.
high charging ratc. setting.
2. High temperature, 2. Reduce voltage-regulator setting.
reduce battery apecific gravity,
3. Generator-fleld windings 3. Repair generator.
grounded or shorted.

4, Short, ground or open 4, Repair or replace regulator.
in regulator.
5. Shorted transistor or 5. Replace.

faulty diode {(a.c.).

¢, Discharged hattery 1. Defective wires or con-~ 1. Replace wires; clean and tighten

and a low or no char- nections. conncctions,
glug rate. 2, Low voltage-regulator 2. Adjust regulator,
setting.

d, Charging system. The generator and regulator must be considered as a system when
troubleshnoting,  Certain tests must be made when trouble is expcrienced to determine whether
it {¢ the generator, regulator, or wiring causing the trouble. [If tests show that the generator 1a
at fault, then the troubleshooting proccdures on the following pages should be used to determine
what has caused the trouble In the generator.

1) No 0llt¥ll_l_: Check for brush condltion. burncd commutator bars. or a loose connection.
Burned bars, with others fairly clcan, indicatc open circult coils. 1If the brushes appear
10 be making good contact with the commutator. and the commutator appears normal. re-
move the wiring harness and use test probes and a test light to locate the trouble as out-
Hued In (). (b), and (c) below.

{0} Open field circuit. Check for open field clrcuit by placing one test probe on the recep.
tacle pin field (h) terminal and the other on the Neld frame or any convenient ground,
Iif the teat bulb does not light, the fleld clreuft is open.  If the open is from a bad eons
nection vr broken kead, it can be repairved, put If It 8 inaide one of the fleld colls, the
coll must be replaced,
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{b) Shor ed field. [rthe field circuit i not open, check for a shorted field by connecting
a six=-volt battery and an ammeter in series with the feld cipcuit. Current flow in
excens of 0,21 amps indicates a shorted lield, If a ehorted lield ia indicated, check
the regulator contact puints, elnce a shorted fle.s may have permitted excesslve leld
current to burn the pointe.

(c) Grounds or shorts. If these tests do not locate the trouble, disassemble the genera~
tor and test the armature, feld, and brush holders for grounds or shorts.

{2} Low or intermittent output. Check generator drive belt tension as specified in equip-
ment TM. Check for worn brushes; if lese than 1/2 their original length, replace. In~-
spect the commutator for roughness, grease, dirt, high mica, out-of-round or burned
bars. Burned baro indicate an open circuit in the armature which must be corrected or
the armature must be replaced.

(3)| Excessive qutput, Excessive generator output usually results from improper voltage
reguiator setting; defective regulator; shoft circuit between the armature and tield
circuits in the generator, regulator, or wiring; poor ground connection at the regulator;
or high battery temperature which permits the battery to accept a high cherge rate even
with a normal regulator seiting. [f the battery temperature ia not high, check the cause
of excesaive generalor outpit by disconnecting the fleld lead between the generator and
regulator with the generator operating at medium epeed. If the generator output drops
off, the regulato. is at fault and must be checked for high setting or short circuite.

{4) Noisy operation. A noley generator can be caused by loos¢ mountings, loose drive pulley,
worn bearinge, or improperly positioned brushee. Some heavy duty operations. such
as those on the Terex §2~30M tractor require proper brush position in relation to the
neutral point. Neutral point refers to the brush location on the commutator with respect
to the armature cotls and poles. Check the TM for the plece of equipment being worked
on lor proper procedure for installing new brushes.

e, Storage batteriee, Storage batteries provide electrical energy through chemical reaction.
They do wear out but, with proper maintenance and care, the life expectancy may be ptolonged.

In the following paragraphs some of the usual probleme encountered with storage batteries will
be discussed. Troubleshooting procedures are covered in Table 4-10.

(1) Overcharging. Overcharging will cause overheating and is first indicated by exceeslve
usc of water. Also, overheating will cauee overcharging, The reason {8 an overheeted
buattery will accept more charge current at a given charge voltage. 1f this condition is
allowed to continue, cell covers will pueh up at the positive ends and in extreme cases
the battery casc will become distorted and cracked. An overcharging or overheating
condition normally indicates the need for a lower voltage regulator eetting or better ven~
tilation of batteriee or both. [f overheating and overcharging continue after the batteries
are properly ventilated and the voltage regulator setting 18 adjusted, it is likely that the
battery has already been permanently damaged by continued overcharging. When re-
ducing the voltage regulator setting, do not reduce below minimum regulator setting
recommended by TM.

(2) Undercharging. ‘|hie ia another source of trouble which must be corrected promptly.
A hattery operated with insufficient charge over an extended period of time is likely to
become sulphated; that s, the tead sulphate on the plates becomes crystalized. Thie
condition ie cauecd by elther a faulty generator/alternator or an incorrect voltage regu-
lator setting. A battery in this condition should be removed from the vehicle and sub-
jected to a prolonged slow charge. A fast or overcharging will result in buckled plates,
which pinch and chafe the scparators and eventually perforate the separator, causing a
short circuit in the cell.

133

4-12




(3} Overloading, Inatelling extra electrical unita may disturb the balance of the elcctrical
system, ﬂdditional electrical unita should never be installed yntil it has been cstabllshed

that the existing system is ndequate to supply the required current.

tem may result in sulphated batteries.

An overloaded sys-

(4) Leakage. Leakage can be detected by continual wetness of the battery or exceasive cor-
rosion of the terminals, battery carrier, and surrounding area.

Table 4~10. Battery Troubleshooting

Szmﬂom

a, Owvercharging, 1.
20

b, Batery yses ex- 1.
ceasive water. 2.

30

c¢. Run down. 1.
2.

3.

4.

50

d. Cracked case. 1.
2.

3.

e. Bulged case. 1.
2.

f. Corrosion. 1.
20

Cause

Charging voltage high,
High temperature.

Overcharging.
Case cracked

Leakage.

Undercharging.

Wiring circuit foulty.
Excessive load demand.
High selfl discharge.

Defective or old battery.
Loose holddown clamp3.
Holddown clamp too tight.
Battery frozen,

Hot battery.

Holddown clamps too
tight.

Overfilling.
Overcharging,

&?’Ml—

Corrective Action

Check generator, regulator system,
Provide proper ventilation. Re-
duce battery apecific gravity.

Check as in {tem a,
Replace battery.
Resenl or replace battery.

Check generator/regulator system.
Check and replace if faulty.

Reduce load.

Recharge periodicelly; do not allow
battery to stand {dle.

Recharge, test, replace if necessary.

Retighten.
Tighten properly.
Keep charged to prevent (reezing.

If from overcharge, reduce regv-
lator voltage.
Loosen and adjust properiy.

Avold overfilling: clean holder.
Adjust regulator voliage,

4-5 CRANKING SYSTEM

When o problem develops in the ¢ranking system, the operator will probably not come in and
say "It's the solenold, " or "It'a the starter.” About the only complainte you will hear are slow
cronking or no cranking et all. Sometimes the operator might say there'a a chattering noise when-
ever he presses the starter button. To determine the problem, a logical procedure of diagnosing
should be (ollowed. Tuble 4=11 that follows 1ists conditions that occur along with possible causes

and checks and corrections.

Note: The conditions listed are not in order of frequency of occur-

rence. That is condition a does not occur more often than condition b, nor does cause | neces-
sarily occur more often than couse 2,

Note: An aid to troubleshooting the cranking system is tc turn on the light switch before
engaging the starter (conditions a thru ¢),

Table 4-11, Cranking System Troublesl ooting

Coruiition
o, No cranking, No 1.
lights.
b. No cranking. Lighte .

Mo out,

Cause

Battery dead.

Poor connection, prob-
ably at battery.
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Remedy
Recharge or replace battery.

Clean cable clamp and terminal;
tighten clamp.




Table 4-11. Cranking System Troubleshooting--contd

c.

go

Condition

No cranking. Lighta

dim aiightly.

No cmnkjn.g. Lighte

dim heavily.

No cranking.
atay bright.

Lighta

Engine cranks slow-
ly but does not start.

Engine cranks at
normal ay.eed but
dnesa not start.

Soienold piunger
chatters.

Pinion diaengages
siowiy after starting.

4.

Cause

Pinlon (Bendix) not
engaging.

Excessive resistance

or open circuit in crank-
ing motor.

Trouble in engine.
Battery low.
Very low temperature.

Pinion {Bendix) jamried,
Frozen ghaft bearings,
direct short in cranking
system.

Open circuit in switch.

Open circuit in crank-
ing motor,
Open in control circuit.

Battery run down.

Very low temperature,
Cranking motor defect-
ive.

Undersized battery cables.
Mechanicai troubie in
engine.

Also drtver may have

run battery down at-
tempting to start.

Ignition system defec-
tive.
Fuel aystem defective.

Alr leaks in intake mani-
fold or fuel lines.

Engine defective.

Hold-in winding of sole~
noid open.

Low battery with high
golencid relay setting.

Sticky solenoid plunger.
Engaging mechaniam
aticks.

Engaging mechaniam
defective.

Return spring weak.

Remedy

Clean pinion and sleeve; Replace
damaged partsa.

Clean commutator; replace brushes;
repair poor connections.

Check engine to find trouble.
Check. recharge, or repiace.
Battery must be fully charged,
engine wiring circuit and crank-
ing motor in A-1 condition.
Free pinion.

Repair cranking motor.

Check switch contacte and connec~
tions. .

Check commutator brushes, and
connections,

Check solenoid and switch connections.

Check, recharge or replace.
Battery must be fully charged.
Test cranking motor.

Install cables of adequate aize.
Check engine.

See g. below.

Try apark test; check timing and
ignttion.

Check fuel pump, lines, carburetor,
and injectors.

Tighten mountings and lines. Replace

gaskets as needed,

Check compression and valve timing.
Replace soienoid.

Charge battery. Reset relay.

Clean and free plunder.
Clean armature shaft.
Replace.

Inatall new aprtng.

o.

No cranking, no lighta, or lights go out. When the battery is completely diacharged or
there i8 an open In the circuit, the ghta wiil burn very dimly or not at nli. Check the wiring,
connections, and awitch, A ba: ¢comiection between the cranking motor and battery will be indicated
by the lights coming on when the light awitch ia turned on but going off when the cranking motor cir~
cuit is closed. The bad connection is probably at one of the battery terminals. You can often
teil if there is a bad connection by keeping the cranking motor circuit closed for a few aeconds.
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If there is a bad connection, heat will develop, Sometimes there i8 8t much heat that the con-
nection atarta to amoke. You can find almost any bad connection in a circuit through which cur-
rent is (lowing by putting a voltmeter acroas the connection.

b, No cranking, lights dim. When the cranking motor circuit is closed, try to determine
whether the lighta dim slightly or considerably. If the lights dim only slightly with no cranking
action, there could be exceassive resistance or a partial open in the cranking motor. If slight
diniming is accompanied by the sound of a8 running electrtc motor, it is possible that the pinion
ia not engaging, If the lights dim conaiderably without cranking action, there could be mechani-
cal trouble in the engine, the battery could be run down, temperatures might be very low, or
there could be trouble in the cranking motor iteelf.

c, No cranking, ligthtg stay bright, When the cranking notor circuit is closed and no cranking
action takes place and iights stay bright, 1t meana that there I8 no current flowing from the
battery to the cranking motor. Remember that on some pleces of equipment there is a safety
awitch that prevents starting unless the tranemiasion lever is in neutral,

d, FEngine cranks Blowly but does not start. This condition may be caused by several things.
The batter'’y may be run down, the temperature may be so low as to cause cranking difficulty,
cranking motor may be defective, undersize cables may have been installed or there may be
mechanical trouble in the engine,

e, Solenold chatters, This condition is cauased by an open cirecuit in the hold-in windings of
the solenoid which in turn cauaes the plunger to pull in and release repeatc.dly when the control
circuit ia closed,

f. Pinon disengages slowly after starting. Possible causes are a sticky solenold plunger,
a defective clutch, weak return spring or clutch sticking on the armature shaft, (f slow dlsen-
gagement is noted, prompt measures to ellminate the troubles should be taken before the armature
is ruined by thrown windings,

4-6. STEERING SYSTEM

There are many typea of <ieering ayatems used on Marine Corps engineer equipment for
both tracked and wheeled vehicles., Proper maintenance eliminates the need for major repairs on
these steering syatems. Tables 412 and 4~1'3 are guides for troubleshooting steering problems
for wheeled and tracked vehicles respectively, The problems and causes are not listed in the
order of most frequent occurrence. For more dglailed information, consult the specific TM for.
the plece of equipment being worked on.

Table 4=12. Troubleshooting Chart for Wheeled Vehicles

Trouble Probable Cause Rem
a, Steering hard inone 1, Steering booster out 1, Adjust piston travel in booster valver
direction only. of adjustment. to obtain equal caae of steering in

either direction.

b, Steering hard in both 1, Defective booster pump., 1. Repair or replace pump (see engine

directions. manuall,
2, Low oll supply. 2. Replenish oll supply,
3, Clogged ofl filter. 3. Clean filter.
4, Volume control valve 4, Repair or replace valve.

of power cylinder de-
fective or out of proper

adjustment,

5, Incorrect steering gear 5, Adjust steering gear.
.dj“.tmem.

6. Binding ball joints. 6. Replace ball jointa.

7. Tires not inflated to 7. Inflate to proper pressure,

proper pressure,
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Table 4=12. Troubleshooting Chart for Wheeled Vehicles == contd

c,

d,

",

Trouble

Excessive free play
ot steering wheel.

Excegsive slack in
steering mechaniam.

Steering feels lumpy,
rough, nnd hanga up
occasionally.

Maifunction of power
steering hydraulic
sysatem.

l.

2,

Probable Cause

Worn steering gear.
Steering gear out of
adjustment.

Excessive wear at trun-
nion bearinge.

Worm or damaged ball
jointa.

Loose steering gear
nwounting.

Wheel bearirge improper-
ly adjusted or damaged.
Excessive wear at tic
rod ends.

Steering gear dry.
Defective bearings in
ateering gear.

Dirl or foreign material
in steering gear.

Broken or rough worm
or gector in the steering
gear.

Fluctuation of preasure
due to faulty relict valve.
caused by foreign n.ater-
ial lcdged on valve seat,
or by damaged or worn
valve,

Slippage of pump drive
or pump malfunctivn
causing logs of pressure,

Pigton rod binding or

gticking caused by cramp-

ing whevels.

Chattering caused Ly
1oose mountings or link-
age: relief valve set too
low or insufficient pump
flow.

Unsatiefactory steering in
either direction. caused
by air in system, exces=
sive wear in steering
cylinder, incorrect sys-

tcm pressure, worn pump.

lo
2

3.

l.

5.

Ramedy

Replace.
Adjust gteering gear.

Replace.

Replace ball joints and pealine
wheels.
Tighten mounting hardware.

Readjust or replace.

Replace tie rod.

Add proper quantity and type grease.

Replace bearings, ' Refill with proper
greases :
Disassemble, clean, grease, and
reassemble.

Disassemble, replace worn or
damaged paris.

Flush and refill system. If condition
still exigts, overhaul valve assembly.

Check pump in accordance with
engine manual.

Shut off hydraulic flow and uncouuple
rod. The rod should slide freely
in or out by hand with a maximum
force of 30 1b, If binding is ap-
parent. replace unit and readjust

“wheel stops to prevent recurrence

of damage,

Make ceriain al] ball'stud mountines
and other linkage is tight. Set

Uef valve at least 150 pai high: «

than normal steering requirem: n's

of the vehicles Bleed air from »ys-
tems Insufficient pump flow at .ite
speeds can be corrected by Inci. . .ug
engine idle speed.

Check for air in system. Excessive
nolse or foamy condition of ofl indi-
cates aerations Check to be sure air
is not eniering aystem through poor
threads, hoses, pump seals, 0"
ringa, gaskets or loomse connections.
Excessively worn cylinders result

in leakage past the piston. Replace
cylinder. B8et relief valve at {east

150 psi above normal steering require-
ments., Repair or replace pump.
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Table 4-13 Troubleshooting Chart for Tracked Vehicles

il

Trouble

Engine oprrrates but

tractor will ant move,

Probable Cause

Steering brakes locked,

Lemedy

Release steering braire pedals fr.m
latching pawls.,

2, Steering clutches alip, 2, Adjust stecring clutches.

b, Tractor wiit not 1, Steering clutch does not 1, Pull steering clutch lever all the
turn, disengage. way back,

2, Steering ciutch not 2, Adjust steerlng clutch and controls.

properly adjusted.

3, Stecring clutch faulty, 3, Remove, and repair or replace.

¢, Tractor will not 1, Steering clutch does 1, Refer to "Tractor Will Not Turn'',
make short {pivot) not disengage.
tarn. 2, Steering brake will not 2,
hold,
a, Steering brake not a, Adjus steering brake and controlse.
properly adjuated,
b, Steering brake wora b, Replace steering brake.
or faulty.
ti, Tractor loges pull-
ing power. 1, Steering brakees drag. 1., Remove inspection cover and hand-
feel the steering brake bande. If
bands ave hot, brakes are dragging.
Adjust hrakes.

2, Steering vlutches slip. 2. Adjust steering clutches. If clutchee
are faulty, remove and repair.

3, Englne clutch slips. ?, Refer to "Eugine Clutch" paragraph
3-2b{1Ma),

e, Sterring elutches 1, Improper uee of steer~ 1, Steering brakes should never be ap-
overheat. ing brakes. plied unless steering clutches are
completely dleengaged.

2, Steering brakee drag 2, Remove inspection cover and hand+
feel the eteering brake hande. If
bande are hot, brakes gre dragging.
Adjust brakes.

3, Steering clutches alip. 3. Adjust steering clutches. If clutches
are faulty, remove and repair.

f, Steering brakee 1, Brakes adjusted too 1, Adjust brakes to proper clearancea.
overheat. tight,

2, Steering clutch does 2,

not disengage.
a, Improper adjustment. a, Adjust steering clutch,
b. Warped dlscs. v, Replace warped disce.
3. Ol on brake lining. 3. Wash or replace lining.
4, Binding in brake 4, Free controls and lubricate with
controla. light oll.
Table 4=14, Steering Booster Hydraulic Pump
Problem Probable Cause Probable Remedy
a, Pump unusualiy 1, Low oll supply. 1. Fill to proper level,
noiay. 2, Restriction in suction 2, Remove the line and clean out
line. thoroughly.
b. Pump takes too {, Low oil supply. 1. Fll to proper level.
long to respond 2, Pump worn or damaged. 2, Inspect, repalror replace.

or falle to respond.
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Table 4-14. Steering Booster Hydraulic P-smp--contd

'],Ml_@

¢, Oil heats up.
d. Oil foaming.
¢, No booster action

(Manual steering
only).

f. Partial steering.
(One track only)

\ Probable Cause

2,

Low oll supply.
Dirty oll,
Pump worn,

Alr leaking into suction
line from reservoir to
pump.

Wrong type oll being used.

Low oll supply.

Spool valve sleeve fits
too tight and "hangs ug"
{caused by dirt}.

Loose fitting spool valve
sleeve,

Loss of ol in aystem.

Worn piaton rings.
Hydrauile pump damaged,
or worn escesasively re-
sulting In loss of pres-
sure,

Broken linkage to control
lever or booster out of
adjustment.

Defective hydraulic
pump.

One or the other booster
cylinder inoperative.

Probable Remedy

Fill to proper level.
Drain, flush and refill with clean onil.
Repalr or replace.

Tighten all connectlans.

Drain and refill with proper grade
of oll.
Fill to proper level.

Diaassemble the booster and clean
all moving parts thoroughly.

Replace apool valve and sleeve asg

a matched set.

Check for leaks in aystem. Fill

oil reaervolir to proper level with
correct grade of oil,

Replace the cast ivon plston rings.
Remove pump and repair or replace.

Check linkage and repalr. Recheck

booster adjustment.

Reverse pressure connections at
pump and check to see {f the opposite
track is now affected. If so, remove
pump and repair. Or, check booster
for failure.

Determine which and make repair.

“-70

These assemblies bear the brunt of the wear and tear on the plece of equipment.

TRACKS AND TRACK FRAME ASSEMBLIES

They ave

subjected to the forces and torques caused by the rough terrain they ape designed to travel over.
Proper maintenance minimizes the need for major overhaula. Table 4-1 5| lists some of the prob-

lems and remedies for track and track frame assemblies,

frequent occurrence.

They are not 1isted in the order of most

Table 4-15. Troubleshooting Tracks and Track Frame Assemblies

Problsm

ite. Track choaln 1008e,

Probable Cause

Track not properiy
adjusted,

Sprocket worn.

Track links or bushings
worn,

Track aprings broken.

Probable Remedy

Adjust track tension.

Hemove, and repair or replace.
Remove, and repalir or replace.

Remove the track spring guard and
ingpect track aprings far breakage,
If none apparent, Yemove the springs
and check thelr free length and test
length for ¢vidence of weakness.
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Table 4=15,

Troubleshooting Tracks and Track Frame Assemblica~-contd

b,

C.

<k,

e,

(.

&

h,

1.

3

Problem

Exceessive track
wear.

Track ghoes
loose.

Track rollers do
not turn,

Track idlers do
not turn.

Front ldler does
not turn.

L]

Lubricant leakage.

Excessive or uneven
wear of track rollers
track idlers, front
idler, and sprocket.

Tractor luses
power.

Track chain comes
off during operation.

Tractor creeps
to one side.

L

2

L
2

3

1,
2,
3

1.

1
2

L

Prohable Cause

Damaged aprocket.
Front idler misalined.
Improper track tension,
Track rollers or idlers
do not turn.

Insufficient torque on
shoe bolis,

Insufficient lubrtcation.

Bushings geized.

Packed dirt between
roller and track frame.

Insufficient lubrication.

Dirt packed tight
against idler,
Internal selzure on
shaft.

Insufticient lubrication.

Dirt packed around idler.
Bearing selzed,

Fallure of sealing through
wear on seals and gaskets.

Track tenslon incorrect.
Front idler misalined.

Track chaine too tight.

Rocks in track assembly.
Track chain loose.
Track epring broken,
tiont idler worn or mis~
aligned,

Worn sprocket teeth,

Track loose on one aide.
Track shoes loose.

Track spring broken or
adjusting rod misalined.

lo
2.

4,

L

L

2,

3,

L,
2,

3

L

2,
3

1,

Probable Remedy

Remove, and repair or replace.
Remove, and repair or replacc.
Adjust track tension.

Clean and lubricate, or remove and
repair or replace as required.

Apply correct torque.

Lubrtcate as frequently as directed
in the tubrication chart.

Remove faulty roller and reploce
bushing. Lubricate thoroughly as
directed,

Remove the packed dirt.

Lubricate as directiec in the
lubri-ation chart,

Remove packed dirt.

Remove the idler and inspect parts.
Thoroughly clean and replace parts
if neceanary.

Lubrtcate ag directed in the
lubrication chart,

Remove dirt.

Remove the front idler and replace
part if necessary.

Remove parts affocted and replace
seals and gaskets with new.

Adjust track chain tension.
Realine.

Adjust track chain tension. Tight
track chains may cause tractor to
lose up to 75 percent of power.

Clean rocks and dirt from tracks.
Adjust track chain tension.
Remove, and repair or replace.

Reverse or replace sprockets.

Adjust track tension.

Tighten capscrews properly,
Remove track spring assembly and
check alinement. Heplace parts as
necessary.




4-8, SUMMARY
Specific information for troubieahooting auxillary equipment should be cbtained from the
TM tor the equipment concerned. Chapter 4 Is intended an & training aid and guide only and i

oniy generai in noture, This information coupled with cn-the-job t!‘alning should famiiiarize you
with some of the problems and start you on the road to being a competent troubleshooter.
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ENGINEER EQUIPMENT MECHANK
Lesason 4

Diagnosing, Troubleshooting, and Repairing Auxiliary Equipment

STUDY ASSIGNMENT: MCI 13, 41c, Engineer Equipment Mechanic, chap 4,

LESSON OBJECTIVE: Successful completion o” this 1es30n, combined with on=the~job training

using the principles presented, will enable you to identify: the basic
components of vehicular engineer equipment, the diagnostic and repair
procedures of the hydraulic systems, compressor, electrical systems,
steering aystems, tracke, and track frame assemblies,

WRITTEN ASSIGNMENT:

A, Multiple Chojce: Select the ONE answer which BEST completea the statement or anewers
the question. After the corresponding number on the answer sheet, blacken the aDProPril_xe

box,

Value: 1 point each

1.

4,

len 4; p, |

Which of the following is NOT a cause of hydraulic system failure?

a, Insufficient fluid cs Leakage in system
b, Afr in system d. Broken crankshaft

The only powitive way to test a8 hydraulic circuit is

&, to use a hydraulic circuit tester. ¢, to use a fluid pressurs gage,
b. to use a fluld flow tester. d. to use a temperature gage,

When testing a hydraulic eircuit, the retum, fluld must be directed to the resexrvoir
through

8. & return hoee outeide the system, ¢, the hydraulic pump inside the system,

b. the systems piping inaide the d. the cylinders inside the system.
system.,

Generally, the first part of a hydraulic system to fail {8 the

a, pump, ¢, hoses,
b. cylinders, d. valves,
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Value:

5.
.
7.
8,

9,

1q

11,
12,

13.

14,

15,

(1I

17.

143, 41
lan 4; p. 2

1 point each

Note: In the first Eroup. refer to table 4-1,

Column 1
Cause

Wrong direction of shalt rotation

b,
Internal leakage in control valves e,
d,
Reservolr air vemt plugged e,

Damaged head packing

Mr r.eelrculation

Notet In the second group. refer to Table 4-2,

Column 1
Cause_
Internal leakage in actuating e,
mechanisms or operating valves b.
Worn pump g.

Side load on piston rod

Chevron seals

Column 1

Symptom
Slow bulldup of air pressure a,
Rapid loss of air pressure when b,
enrine is stopped c.
Alr preasure too high d,

(-0
Compressor knocks

B. Matching: In the groupa below, match the appropriate item in column 1 with the corre-
eponding item in column 2. After the correaponding number on the anawer sheet, blacken the
appropriate box,

Column 2

Complaint

Excesalve wear

Pump, making nojse

No pressure in system

Fallure of pump to deliver fluld
External oll leakage

Column 2

Complaint

Abnormal packing glanu wear
Mechaniams creep in intermediate
position

External ofl leakage

Times of opersation longer than specified

Note: Items in this group deal with the compressor.

Column 2

Cause

Broken air compressor unloader
mechanism

Worn or burned bearings

Worn or leaking alr compressor dis~
charge valves

Afr pressure will not rise to normal
Worn air compreasor piston and piston

rings
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Note: Items in this goup deal with a d,c, generator.

Column 1 Column 2
Lause Symptom
I8, Lnose or worn fan belts a, No sutput
b. Excessive output
18, Worn or dirty bearinge ¢, Unsteady or low output

d, Noisy generator
20, Shorted field circult with fleld
grounded in generator
21, Open armature

Note: [tems in this group deal with wheeled vehicle steering aystems.

Column 1 Column 2
Cause Complaint
22, Binding balljoints 8, Steering hard in both directions
b, Steering feels lumpy or rough, hangs
23. Worn eteering gear up occasionally

¢. Excessive free play at steering wheel
24. Defective bearings in steering gear

Note: 1tems in this group deal with tracks and track frame agsemblies.

Column | Column 2
Cause Problem
25. Sprocket worn 8, Excessive track wear
b. Track shoes loose
26, Front idler misalined ¢, Track rollers do pot turn

d, Track chain loome
27. Insufficient lubrication

28. Insufficient torque on shoe bolts
C, Multiple Cholce: Select the ONE anawer which BEST completes the gtatement or answers
the question. After the corresponding number on the answer sheet, blacken the appropriate
boX.
Value: 1 point each

29, When troubleshooting the charging system, you should consider the generator and
the as a syatem.

a, wiring harness, c. battery.
b, regulator. d, starter.

{:hé«:; b 3 . 14 4




30. A fully charged battery and low charging rate 18 considered

&, normal voltage regulator operation. ¢,

low voltage regulator getting.

b, high voltage regulator setting. d., excessive voltage regulator output.

31, A cranking motor pinion disengaging slowly alter starting indicates

f. low battery with high relay setting. c. weak return epring.

b. hold~in winding of solenoid open.

d, undersized battery cables.

32. A dead battery or open electrical eircuit 18 indicated by which of the following

symptome?
a. No cranking. lighte go out c. Bxcessive resietance in clreuit
b, No cranking and no lights d. Solenold chatter

33. A battery uaing an excessive amount of water indicates

a. overloading.
b. normal operation.

c. undercharging,
d. overcharging.

D, True or False: Indicate your choice of true or false by marking & for true and b for false
after the corresponding letter on the anewer sheet,

An operator has indicated that his tracked vehicle loses pulling power. Considering
only the steering system as being at fault, indicate which of the following would or would

not cause the above problem.

34, Steering clutch does not disengage

35. Steering brakee drag
38. Steering clutches slip

37. Engine clutch slips

13. 41
1an 4; p.4

Total Pointa: 37

w
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