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CARBON MONOXIDE

Carbon monoxide is colorless, odorless, DEADLY POISONOUS gas which, when breathed, deprives the body of oxygen
and causes SUFFOCATION. Exposure to air contaminated with carbon monoxide pro- duces symptoms of headache,
dizziness, loss of muscular control, apparent drowsiness, or coma. Permanent BRAIN DAMAGE or DEATH can result
from severe exposure.

Carbon monoxide occurs in the exhaust fumes of fuel-burning heaters and internal-combustion engines and becomes
DANGEROUSLY CONCENTRATED under conditions of INADEQUATE VENTILATION. The following precautions MUST
be observed to insure the safety of personnel whenever the engine is operated for maintenance purposes.

DO NOT operate the engine in an enclosed area unless it is ADEQUATELY VENTILATED.

« DO NOT operate the engine in an enclosed area such as a test cell without properly fitted and functioning exhaust
ducts.

. BE ALERT at all times during engine operation for exhaust odors and exposure symptoms. If either are present,
IMMEDIATELY VENTI LATE the work area. If symptoms persist, remove affected person- nel from the work area
and treat as follows: expose to fresh air; keep warm; DO NOT PERMIT PHYSI- CAL EXERCISE; if necessary,
administer artificial respiration as described in FM 21-11.

WARNING

HANDLING WEIGHTS

|

This manual considers short-term, non-repetitive lifts of equipment weighting up to 190 pounds to heights
of about 3 feet. Under these conditions, this manual assigns one man for each 47-pound increment of
weight up to a total of four men to accomplish the required lifts. If local conditions mandate higher lifts,
repetitive lifts, or carries greater than 9 feet, refer to MIL-STD-1472 for a guideline on the number of
personnel needed.



TM 5-3805-260-24

@ARNING

MECHANICAL HAZARDS

Mechanical systems and components used on this equipment are energized, under pressure, or have
sharp edges.

Use all precautions to de-energize a system, bleed pressure and to protect yourself from sharp edges
when working on the equipment. Failure to do so may cause serious PERSONAL INJURY or DEATH.

HIGH NOISE DANGER

Your hearing can be PERMANENTLY DAMAGED if you are exposed to constant high noise levels of 85
dB(A) or greater. Wear approved hearing protection devices when working in high noise level areas.
Personnel exposed to high noise levels shall participate in a hearing conservation program in accordance

with TB MED 501.

I WARNING

USE OF COMPRESSED AIR TO DRY PARTS

DO NOT exceed 15 psig nozzle pressure when drying parts with compressed air. DO NOT direct
compressed air against human skin. Failure to do so may result in SERIOUS INJURY or DEATH.
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Famnung]

FLAMMABLE LIQUIDS

Dry cleaning fluid, mineral spirits paint thinner, alcohol, acetone, methylethyl ketone and trichloroethylene
are flammable solvents. Use these materials only in well-ventilated areas away from open flames and
other heat sources that could cause ignition. The minimum safety measures described below must be
observed in the handling and use of solvents:

«  Fire extinguishers should be nearby when these materials are used.

¢ Cloths or rags saturated with cleaning solvents must be disposed of in accordance with authorized facilities
procedures.

* The use of diesel fuel, oil, gasoline or benzine (benzol) is PROHIBITED for cleaning purposes.

* Fuel vapors can ignite and cause an explosion. Do not allow smoking or an open flame within 50 feet (16 meters).

WARNING|

PROPER MACHINE OPERATION

This equipment must be operated only by authorized personnel who have satisfactorily completed a pro-
gram of training which must include familiarity with safe operating procedures, characteristics, and a
knowledge of applicable codes, regulations, and facilities directives. Untrained personnel subject them-
selves and others to the possibility of DEATH or SERIOUS INJURY from the improper operation of this
machine. Understand the equipment, its function, and the controls before operations are begun.

SHEARING PROTECTION

Shearing protection must be worn when working within 33 feet of the tractor-scraper.
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VARNING

HANDLING CLEANING AGENTS

Toxic solvents are used in cleaning the equipment. Methyl-ethyl ketone TT-M-261 is a highly flammable solvent containing
toxic characteristics that may irritate the skin and cause burns or internal disorders if fumes are repeatedly inhaled.

Trichloroethylene is a flammable solvent that has a chloroform odor. Inhaling concentrated fumes can cause
unconsciousness. Inhaling fumes for a prolonged time can cause headache and drowsiness. Solvent absorbed by the
skin can also result in internal disorders.

P-D-680 (Type Il) is a flammable solvent that is potentially dangerous to personnel. Inhaling fumes for a prolonged time
can cause headache and drowsiness. Solvent absorbed through the skin can also result in internal disorders.

The safety measures described below should be observed in the handling and use of solvents.

« Avoid prolonged or repeated breathing of vapors.

e Use only in a well-ventilated area.

« Keep away from heat, sparks, or open flames.

« Avoid contact with skin, eyes and clothing. The use of gloves is advised to prevent irritation or inflammation of the

skin. If contact with the skin or eyes does occur, quickly wash the affected area with water for at least 15 minutes.
For eyes, seek medical attention immediately after flushing eyes with water.
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TECHNICAL MANUAL HEADQUARTERS
No.5-3805-260-24 DEPARTMENT OF THE ARMY
Washington D.C., 15 March 1991

UNIT, DIRECT SUPPORT, AND GENERAL SUPPORT
MAINTENANCE MANUAL
FOR
SCRAPER, TRACTOR:
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(NSN 3805-01-144-8837)
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(NSN 3805-01-267-4177)
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REPORTING ERRORS AND RECOMMENDING IMPROVEMENTS

You can help improve this manual. If you find any mistakes or if you know of a way to improve the
procedures, please let us know. Mail your letter, DA Form 2028 (Recommended Changes to Publications
and Blank Forms), or DA Form 2028-2, located in the back of this manual, direct to: Commander, U.S.
Army Tank-Automotive Command, ATTN: AMSTA-MB, Warren, Ml 48397-5000. A reply will be furnished
to you.

This technical manual is an authentication of the manufacturer's commercial literature and does not
conform with the format and content specified in AR 25-30, Military Publications. This technical manual
does, however, contain available information that is essential to the operation and maintenance of the

equipment.
Approved for public release; distribution is unlimited.
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HOW TO USE THE TECHNICAL MANUAL
Introduction
The 613BS Series Tractor-Scraper is available in four configurations:

* 613BSNS and 613BSNS1 Type | - Nonsectionalized
* 613BSS and 613BSS1 Type Il - Sectionalized

The Type | configurations are air transportable by three methods:

*  Drive On/Drive Off*

¢ Low Altitude Parachute Extraction (LAPES)
¢ Low Velocity Air Drop (LVAD)

¢ Requires load transfer (weight distribution).

The Type Il configurations, in addition to the three methods listed above, may be sectionalized (divided into two
sections) and transported by helicopter.

Volume Identification

e Operation and Lubrication information, see TM 5-3805-260-10.

e Tractor Maintenance information, see Chapters 1-3 and Appendix B of this manual.
e Scraper Maintenance information, see Chapter 4 and Appendix B of this manual.

e Tractor-Scraper Parts information, see TM 5-3825-260-24P.

e Sectionalized Unique Information, see Chapter 5 of this manual.

There is a table of Contents located at the beginning of each Chapter/Appendix that provides the specific contents and
location of what is covered in the Chapter/Appendix.

Part Number Identification

The part numbers identified in this manual may not always represent the most current RPSTL part numbers. ALWAYS
verify given part numbers against the current RPSTL, TM 5-3805-260-24P.

REMEMBER!

This manual is a guide for the new mechanic and a reference for the experienced mechanic.

lllustrations will guide you through the procedures for maintaining the vehicle and attachments.

Your safety and the safety of others depend upon care and judgement in the maintenance of this vehicle. A careful
mechanic is good insurance against an accident. Most accidents, no matter where they occur, are caused by someone’s

failure to observe and follow simple, fundamental rules or precautions. For this reason, most accidents can be avoided by
recognizing hazards and taking steps to avoid them before an accident occurs.

iii/(iv Blank)
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CHAPTER 1
SPECIFICATIONS (TRACTOR)



INTRODUCTION

The specifications given in this chapter are on the basis
of information available at the time the book was written.
These specifications give the torques, operating
pressure, measurements of new parts, adjustments and
other items that will affect the service of the product.

When the words "use again” are in the description, the
specification given can be used to determine if a part can
be used again. If the part is equal to or within the
specification given, use the part again. When the word

TM 5-3805-260-24

"permissible" is in the description, is in

the specification given is the "maximum or minimum"
tolerance permitted before adjustment, repair and/or new
parts are needed.

A comparison can be made between the measurements
of a worn part, and the specifications of a new part to
find the amount of wear. A part that is worn can be safe
to use if an estimate of the remainder of its service life is
good. If a short service life is expected, replace the part.

NOTE: The specifications given for "use again" and "permissible” are intended for guidance only and
Caterpillar Tractor Co. hereby expressly denies and excludes any representation, warranty or implied

warranty of the reuse of any component.
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ENGINE DESIGN

2] (= SRR 45in. (114 3 mm)
SHOKE .o 0in. (127 0 mm)
N[ 0] o 1= e I @3] 11 e = = PP 8
Cylinder ArrangemENt .......cooiuiiiiiiiiee et e e a0V
Firing Order (Injection SEQUENCE) .........eevvvvvvvvrererninennnnnnns 1,2,7,3,4,5,6,8
Direction of Rotation (As Seen From

Flywheel ENd).........cuvviiiiiiiiiieiiieieeeeeeeeeeeeeeeeeeeeeeeeeee e Counterclockwise

8 6 4 2
(*9®9**d
9 [OXOIOXE)
015 in. {0.38 mm) FUEL
INJECTION
o " [0 03
025 in.(D.64 mm)
n RN
L TA\®l )
AS0695X} 7 5 3 1 -)

CYLINDER, VALVE AND INJECTION
PUMP LOCATION

ENGINE SETTINGS

High Idle Static Rated Torque Spring Torque

Model Full Fuel Fuel In and Spacer Conv.
Description Altitude Brake Horsepower Load Engine In Setting Rate Vehicle (Thickness in Stall
Serial Number (In Feet) W/O Fan W/Fan RPM Only Vehicle (Inmm.) (Lb/Min) BSFC Inches) Speed
613Tractor 0- 2, 500 164 150 2200 2385 2340 2A9 mm 1.027 411 *552619(.010") 2110
Veh. S/N *»*4AN7777(.010")
38W1-Up 2, 500- 5, 000 142 135 2200 2355 2310 2.14 mm 2035

5, 000- 7, 500 131 125 2200 2335 2290 1.90 mm 1985

7, 500-10, 000 121 115 2200 2315 2270 1.68mm 1940

10, 000-12, 500 110 105 2200 2295 2250 1.44 mm 1880

12, 500-15, 000 100 95 2200 2275 2230 1.22 mm- 1835

*Torque spring *Spacer

GENERAL NOTES:

Low idle in vehicle is 700 + 10 RPM.
Fuel injection timing (static) is 16° BTC, .127 inch
of piston travel.

1-6
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FUEL INJECTION PUMP

Firing order (injection sequence) ............ 1,2,7,3,4,5,6,8
Injection timing before TC (top center): 16 + 1°

Torque for the nuts that hold the fuel lines
(Use 5P144 Fuel Line Socket) ...30x5 Ib ft (40 = 7 N-m)
(1) Bore in the rear bearing for the
camshaft (new)
Diameter of rear bearing surface (journal) of the

T529-1%2 5

.................. 2 3750 = 0005 in (60 325 + 0 013 mm)

camshaft (Nnew) ................... 2 3720 £ 0005 in (60 249 + 0 013 mm)

Maximum permissible clearance between

the bearing and the camshaft bearing

surface (journal) (worn) ..... ............ 006 in (15 mm)
(2) Torque for screws that hold sleeve

control levers .........cccceenee. 24 +21bin (28 %02 N-m)
(3) Bore in the housing for the fuel control

shaft (new) .......cccoeeeeeieennnne 3543 £ 0005 in (8 999 + 0013 mm)

Diameter of sleeve control

shaft (Nnew) .......cccoocveennnen. 3530 = 0003 in (8 966 + 0 008 mm)

Maximum permissible clearance between
the bore in the housing and the sleeve

control shaft (worn)............. ............ 003 in (08 mm)
(4) End play for camshaft with sleeve
installed (New) .........cccoueeee. 023 +£018in (0 58 + 0 46 mm)

78521-2%1

NOTE When installing sleeve on end of camshaft, support the cam-
shaft to prevent damage to parts inside of injection pump and governor

housing
(5) Bore in the front bearing for the camshatft
(New).....ccceenee. 1.0005+0005 in (25.413+0013 mm)

Diameter of front bearing surface (journal) of the
camshaft (new) 9990+0005 in (25 375+0013 mm)
Maximum permissible clearance between
the bearing and the camshaft bearing
surface (journal) (worn)004 in (0.10 mm)
(6) Torque for bushing 60 + 5 Ib ft (80 + 7 N.m)
(7) Crossover levers
NOTE: For adjustment of crossover levers, see the
TESTING AND ADJUSTING SECTION
(8) Torque for screws that hold
crossover levers .......cccceeeeiiens 24+21lbin(28.+
02Nm)

(9 and 10) Fuel control shafts
(11) Dowel pin (linkage between crossover levers)
(12) Distance guide pin extends

into bore ............ 047 +.004 in (1.20 £ 0.10 mm)
NOTE Install guide pin with slot towards the top of the
lifter bore
(13) 9N5862 Spring for injection pump:

Length under test force .............. 1348in
(34.24mm)

Test force ......... 125+13Ib(555+58N)

Free length after test ................. 1.566 in
(39.78mm)

Outside diameter ............o......... 728 + 010 in (18 49
+ 0.25 mm)

1-7
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GOVERNOR

GOVERNOR SPRING CHART

Part No. (1) 4N6119 (2) 4N5663 (3) 6N2517
Color code (Stripes) Three Green One Pink None
Put a force on 301Ib 101b 20 1b
spring of (1334 N) (4 45 N) (890 N)
Then add more force to 700 In 700 in 200 in.
make spring shorter by (17 78 mm) (17.78 mm) (5 08 mm)
Total test force 1140+261b 450+121b 5.60+18 Ib

(50.71+1.16 N)

(20 02+ 53 N)

124 91+80 N)

Free length after test

1659+ 021 in
(42 14 £ 0 53 mm)

1.690+020 in
(42 93+0 51 mm)

1.136+020 in
(31.24 £ 0 51 mm)

Outside diameter

1.506 in
(38 25 mm)

1144 In.
(29.06 mm)

.584 in.
(14.83 mm)

(4) OVERFUELING SPRINGS

code (Stripes)

Part No 6N6662
Length under 748 In.

test force (19 00 mm)
[Test force 189 +.02 b
084 * 008 N)

Free length 1.126in
after Test 128.60 mm)
Outside 360 In.
diameter (9.14 mm)
IColor One White

Torque for bolts that hold governor weight

carrier to camshaft

90 +10Ibin (10 2 + 1 1 N-m)

78529-2X5

1-8



TM 5-3805-260-24

FUEL TRANSFER PUMP

(1) Bypass valve.
Fuel pressure at FULL LOAD ....... 305 psi 1205 + 35 kPa)
(2)  4N605 Spring for bypass valve-

Length under test force.........cccceees vveennne 880 in (22.35 mm)
Testforce .....cooiviiiiiiiiiinee, 353....18Ib (153 + 080 N)
Free length after test ........ccccooeevees e, 1729 in (43 92 mm)
Outside diameter.........ccoovvveeiiiiiees vveeeenne 527 in(13 39 mm)
(3) Thickness of gears
(NEW) e, 3736 £ 0003 in (9 489 + 0 008 mm)
Depth of counterbore
(New) 3750 £ 0005 in (9 525 + 0 013 mm)
(4) Diameter of shaft for
Idler gear .....cccceveveiiiiiiieeeieeeeee, 4914 + 0003 in (12482 + 0 008 mm)
Bore inidler gear ......ccccccevvvevenenn.. 4926 + 0003 in (12 512 + 008 mm)

(5) Putathin layer of 551454 Sealing Compound on the outside
diameter of the seals before installation Remove the extra sealing
compound after assembly.

(6) Install inner seal from outside edge of body assembly

adistance of .............c.ce e 453 +.010in (11 51 + 0.25 mm)
(7) Install outside seal from outside edge of body
assembly to a distance of ............. 030 £.010in (0.76 £ 0 25 mm)

ABO69IEX1

INJECTION NOZZLE
(9N3979)

Bench test nozzles using clean SAE J967

Calibration Oil (Kent-Moore Corp J-26400

or Viscor Calibration Fluid 1487C-SAE J-967C)

at a temperature of ....... ............ 65 to 70° F (18 to 20° C)

Nozzle setting pressures (valve lift adjustment screw turned 3/4 +
1/8 turn from closed position)

Used nozzle .......... coevvenees 1500 to 2600 psi (10300 to 17690 kPa)

Used, adjusted

(107474 [ 2 2400 to 2600 psi (16545 to 17690 kPa)
Return oil leakage test
Pressure ......ccccccvvviveiees vveveeeeen, 1400 to 1600 psi (9630 to 11 045 kPa)
Leakage in 15 seconds ............ NO minimum or maximum

Maximum tip leakage Is 20 drops in 15 seconds with a pressure of 200
psi (1380 kPa) less than opening pressure
(1) Torque for valve lift

locknut .........coeviees i 35t045Ibin (4.0 to 5.1 N-m)
(2) Torque for pressure screw
locknut ........cccoveies i 70t0 80 Ib In (8.0 t0 9.1 N-m)

(3) Torque forcap ...... 110to 120 Ibin (12.4 to 13.6 Nm)

AT12944X1
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1 AS0E97X1

FUEL FILTER BASE

(1) Put9S3263 Thread Lock Compound on the
threads of the tapered end of the stud
to a distance of ................... 30in (7 6 mm)
(2) Sealing surface of stud.
NOTE Do not damage this surface

(3) Torque for stud ................... 50+ 10 Ib ft (70 = 14 N-m)
(4) Distance from sealing surface of base
toend of stud.................... 97 £05in (24 61 £ 3 mm)

AUTOMATIC TIMING ADVANCE UNIT

End play between washer (2) and

timing advance unit (1) ............... 003 to 037 in (O 08 to O 94 mm)

(3) Torque for screw................. 72x5IbIn(82+0.6 Nm)
"Stake" (make a mark with a punch) screw (3) in two places

ADBBE7X2

DRIVE GEAR FOR THE INJECTION PUMP

il

=

I

Y

(1) Torque for the bolt that holds the 77482~ 1X1
drive gear to the camshaft of the
injection pump ..........ccoeeeee. 110 £ 10 Ib ft. (149 £ 14 N.m)
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CAMSHAFT

AZOERIXT

5 TIMING
AT ) =75 MARKS
M oy L)
[ 2

2
. __ i~
l’“l.r'\_/-\_f\g

VIEW A-A

f—

(1) Diameter of the surfaces (journals)
for the camshaft bearings
(NEW) .o e 2500 £ 0005 in (63 500 + 0 013 mm)
Bore In the live bearings for the
camshaft (new)...... 2.5035 + 0015 in (63 589 + 0 038 mm)
Maximum permissible clearance between bearing and
bearing surface journal) (, worn).007 in (0 18 mm)
(2) Tight fit between the gear
and camshatft......... 0012 to 0028 in (0 030 to 0 071 mm)
Maximum permissible temperature —
of the gear for Installation on
the camshaft (do not use a torch) 600° F (315° C)
(3) End play for the camshaft..007 + 003 in ( 18 £ 08 mm)
Maximum permissible end play (worn) 020 In (0 51 mm)
(4) Width of thrust groove in
camshaft (new)...... 360 = 002 in (9 14 + 0 05 mm)
Diameter of thrust
Pin (NEW) l....vvvviiiies v, 353 £001in (8.97 £ 0 03 mm)
Torque for thrust pin-.......... 35+x5Ibft(45+7 Nm)
NOTE For installation of camshaft. The timing mark or the camshaft !
gear tooth must be in alignment with the timing mark on the tooth Hzsex
space of the crankshaft gear
(5) Height of camshaft lobes
To find lobe lift, use the following procedure
A. Measure camshaft lobe height (5)
B. Measure base circle (7)
C. Subtract base circle (STEP 8) from lobe height (STEP A) The
difference Is actual lobe lift (6)
D. Specified camshaft lobe lift (6) is
a. Exhaustlobe..... ............ 3071 in (7 800 mm)
b. Intake lobe........ ............ 3077 in (7.816 mm)
Maximum permissible difference between actual lobe lift (STEP C)
and specified lobe lift (STEP D) is 010 in (0 25 mm)
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VALVE COVERS

(1) Tighten bolts in sequence shown
to a torque of 10£2Ibft(14£3Nm)

A50698X1

VALVE ROCKER ARMS AND CAM FOLLOWERS

(1) Torque for bolts holding

rocker arms ...... c...coou. 18+5Ibft (24 +7 Nm)

(2) Torque for lock nut for valve

adjustment screw .......... 24+5Ibft (307 N m)

(3) Diameter of the shatft for

the rocker arms ............ 8580 to 8588 in (21 793 to 21 814 mm)
Minimum permissible diameter (worn) ....8570 in (21 768 mm)
Bore In bearings for the

rocker arms (new) ........ 8603 £ 0008 in (21 8520 + 020 mm)

Maximum permissible bore (worn) .......... 8630 in (21 920 mm)
Maximum permissible clearance between bore
in bearing and shaft (worn) ........ ........... 005 in (0.13 mm)

(4) Clearance for valves | intake valve)....015 in (0 38 mm)
Clearance for valves (exhaust valve) ..... 025 in (0 64 mm)

15) Diameter of cam

follower ........... 1.1589 + 0004 n (29 436 = 0.010 mm)
Minimum permissible diameter (worn) ....1.1575 in (29.401 mm)
Bore In block for cam

follower ............ 1.1624 = 0010 in (29 525 + 0 025 mm)
Maximum permissible bore (worn) .......... 1.1650 in (29 591 mm)
(6) Torque for the thrust pin for the

camshatft .......... 35+5Ibft(45+7Nm

T9SEISKT
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@)

1)

1)

()

®3)

VALVES

9N3617 Spring for valves (new)

Length under test force 1655 in (42 04 mm)
Test force 50+ 51b (220 £ 22 N)

Use again minimum load at length

under test force 351b (155 N)

Length of spring at valve open

position 1167 in (29 64 mm)

Use again minimum load at valve

open position ........ 154 51b (687 N)

Free length after test 1855in (47 12 mm)
Outside diameter .. 1 440 in (36 58 mm)

Spring must not be bent more than 065 In (1 65 mm)
9L.91 90 Spring for valves (new)

Length under test force 1715in 43 56 mm)
Test force 35+5Ib (155 £ 22 N)

Use again minimum load at length

under test force 23 1b (100 N)

Length of spring at valve open

position ................. 1215in (30 86 mm)

Use again minimum load at valve

open position 145 b (645 N)

Free length after test 1 855 in (47 12 mm)
Outside diameter .. 1 440 in (36 58 mm)

Spring must not be bent more than 065 in (1 65
mm)

1N4259 Spring for valve (new):

Length under test force ...... 1.334in. (33.88 mm)
Test Force ............ 1.74b 774 £ 39 N'm)

Use again minimum bad at length

under test force .... 162 Ibs. (720N m)

Length of spring at valve open

position ................. 1.802 in. (45.77 mm)

Use again minimum bad at valve

open position ........ 44 1bs.(194 N m)

Free length after test ......... 1.996 in. (50.7 mm)
Outside diameter ... ............ 1.560 n. (39.62 mm)
Spring must not be bent more than .065 in. (1.65
mm)

Distance from the end of
the valve to the valve spring
spacer seat ........... 2063+015in(5240+038
mm)
Diameter of valve stem.
9L7682 Intake Valve........... 3725 +£0005 in (9 462 +_
013 mm)
Use again minimum diameter
of the valve stem ... ............ 371in (9 42 mm)
9L7683 Exhaust Valve (tapered stem)
Head end of valve
stem............... 3705+.0005 in (9 411 + 0.013
mm)
Use again minimum diameter of

N
L] hg
b

Jilij|

A52632X1 5 6

the head end of valve stem ............ 369in. (9 37
mm)

Lock end of valve

stem ..ooocceeeeieen, 3715+.0005 in (9.436+0013
mm)

Use again minimum diameter of the lock

end of valve stem.. ............ 3704 in (9 408 mm)

Bore in the valve guides (intake

and exhaust) ................ 3745 £ 0005 in (9512 +£ 0013
mm)

Maximum permissible bore in the valve guides (worn)
Measure 75 in (190 mm) deep

in valve guide bore from both

ends of the valve guide 3760 in (9 550 mm)

(4) Angle of valve face
Intake valve
Exhaust valve ............... 45°+15’

(5) Diameter of valve head

(intake valve) 2.094+005 in (53.19 + 0.13

mm)

Diameter of valve head

(exhaust valve) ............. 1.804+005 in (45.82 + 0 13 mm)
(6) Thickness of valve lip

Intake valve .................. 091 in (2 31 mm)

Use again minimum valve lip thickness .
(2 78 mm)

Exhaust valve ............cc. eeeeeeen. 063 in (1 60 mm)

Use again minimum valve lip thickness . ............ 044 In
(112 mm)
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VALVE SEATS AND INSERTS

INTAKE VALVE (with valve seat insert)
(1) Diameter of the valve seat

iNSert.....cccceevvivneennne 2 15000005 in (54 610+0.013 mm)
(2) Bore In head for valve seat
INSert.....cocceevvvneeenne 2 1470 + 0005 In (54 534 + 0.013 mm)
(2) Depth of bore in head for valve
seatinsert. ........ccoeeeeeeieeennn 442 +£.002 in (11.23 £ 0.05 mm)
(3) Maximum permissible width of the face of the
valve seat insert .................. 120 in (3 05 mm)
(4) Distance from head of valve to cylinder head face:
Maximum permissible (valve closed) ...........ccccuvueeee. 068 in (1 73 mm)
Minimum permissible (valve closed) ...........ccccccenee. 036 in (0 91 mm)
(5) Angle of the face of the valve seat insert .................. 301/2 £ 1/2°
(6) Outside diameter of the face of the valve
seatinsert.........ccoeeeeeiieeenn. 2.045 £ 0051in (52.23 £ 0.13 mm)

Maximum permissible ........ 2 065 in (52 45 mm)
(7) Angle to grind face of seat insert (to get a reduction

]
TI6068~1X1 E 2 : / 4

=
N
T~

m ?ﬂ%
[
=

of maximum seat diameter) ..........ccooeeeiiiiiiiiiiiiniiennn, 15°
EXHAUST VALVE
(1) Depth of bore in head for valve
seat inSert.......cccccevvveeeenninees 442 + .0051in (1123 £ 0 13 mm)
(2) Diameter of valve
seatinsert .........ccoeeeeeiiiennn. 1.9120 £ 0005 in (48 565 £ 0.013 mm)
(3) Bore in head for valve |
seatinsert ........ccccovevereeenns 1.9090 + 0005 in (48 489 = 0.013 mm)
Maximum permissible width of the face
of the valve seat insert ....... .cccooiviieiiiienee, 105 in (2 67 mm)
(4) Distance from head of valve to cylinder head face
Maximum permissible (valve closed) ..........ccccceeneee. 085 in. (2 16 mm)
Minimum permissible (valve closed) ...........ccccuvneeee. 050 in (1 27 mm)
(5) Angle of the face of the valve seat insert .................. 451/2 + 1/2°
(6) Outside diameter of the face of the
valve seat insert ................. 1.735 + .005 in (44.07 £ 0.13 mm)
Maximum permissible ......... 1.760 in (44 70 mm)
(7) Angle to grind face of seat insert (to get a reduction
of maximum seat diameter) ...........cccoiiiiiiiinniinns 15°
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CYLINDER HEAD

(1) Put clean engine oil on bolt threads and tighten bolts according
to the following HEAD BOLT CHART.

HEAD BOLT CHART

Tightening Procedure

Step 1. Tighten bolts 1 thru 18 in 60 £ 10 Ib ft.
number sequence to: (80 +14 Nm)

Step 2. Tighten bolts 1 thru 18 in 110+ 51b ft
number sequence to: (150 £ 7 N m)

Step 3. Again tighten bolts 1 thru 18 1l0£51Ibft

in number sequence to: (150 £ 7 N'm)
Torque for head bolts 19 thru 22 32+5Ibft.
(tighten in number sequence to (43+£7Nm)

(2) Holes for fuel Injection nozzles
(3) Thickness of cylinder head [measure through the fuel injection
nozzle holes at each end of the cylinder head].

NEW.....tiiiiiiee i ririie cree e 3.785 £ 006 in (96.14
+ 0.15 mm)
Minimum permissible thickness.................... 3.774 in (95.86 mm)

s

A50900X1

N

ANTINN

A50902X1

NANRINNNRN

SECTION A-A
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1)

AIR CLEANER

Torque for NUES ......cocvvvveiiieeieiinenn, 20x5Ibft (257 N m)

54774X1

AIR INLET MANIFOLD

Tighten bolts (3) and (4) t0 .....cccceveeeennnne 15+5Ibft (207 Nm)
Tighten all bolts by number to.................. 32+5Ibft(43+7 Nm)

54772X1

@)
)

©)
(4)

MANIFOLDS AND CRANKCASE VENTILATION VALVE

Torque for hose clamps................... 20£21Ibin(2.3£0.2Nm)
Torque for adapters.........cccceeevveeeen. 9+3Ibft(12+4 Nm)

Put 5P3413 Sealant on threads of adapter

Torque for bolts .......cccccveveeiiiinnnen, 30£41bin(3.4£05NmM)
Torque for bolts holding

the exhaust manifold ..................... 32+5Ibft. (437 Nm)

Put 5P3931 Anti-Seize Compound on bolt threads

Locks must be bent on a flat side of the bolt head Bolts must be
turned no more than 30° (in the direction of increased torque
only) for the alignment of locks with a flat side of the bolt head.

b
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EXHAUST SYSTEM

Tighten bolts (A) to a
torque Of ..ot e 18+5Ibft (24 +7 Nm)
NOTE. Install swivel (B) with arrows in the direction of exhaust flow

A93743X1

ENGINE OIL COOLER AND FILTER

Oil pressure difference that makes the oll
filter bypass valve open 20 * 4 psi (140 * 25 kPa)
Oil pressure difference that makes the

oil cooler bypass valve open .................. 18 + 4 psi (125 + 25 kPa)
(1) 9L9188 Spring (oil cooler and oil filter bypass valve)
Length under test force ................... 170n (432 mm)
TesStforce ....vvvvier v, 35b (156 N)
Free length after test ...........cceeeee. 228in (57 9 mm)
Outside diameter .. ........cccoeeernnnen. 440 in (11 18 mm)

(2) Oil filter bypass valve
(3) Torque for nuts that hold oil

cooler core to oil cooler base

(hand torque only) . ......cccvvvveveviinnnns 16£2Ibft (223 Nm)
NOTE Assemble gasket to oil cooler base with Indexing point toward
the front of the engine and in the up position
(4) Torque for fitting ... .....coooeeeieeeeeinn, 19+41bft(25£5Nm)
(5) Torqueforcap ...... cooooeeeeiieieieieenenn, 15+ 41bft (20 £ 5 N-m)

A92220X1

1-17



TM 5-3805-260-24

A ¥

(1) Torque for bolts that
hold oil pan ...........ccceeeeee. 17 £31Ib ft 23 £4 N m)
(2) Torque for oil pan 2 A92945X 1

drain plug.....cccccoevvvvnenenenn. 50+ 101bft (70 £ 14 N m)

OIL LEVEL GAUGE

(1) Guide assembly
Assemble lower part of guide assembly (1) so that Point A is even with
bottom surface of block within £ 03 in (0.8 mm)

A51102X1
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OIL PUMP
1 H

(A) Position of guide

Even with finished surface on cover to not more than 010 (0 25

mm) recessed
NOTE Make sure the flat surface on the guide is in alignment with
the set screw
(1) Front housing assembly. é :
(2) Oil pump cover assembly L B !
(3) 9L9243 Spring (pump pressure relief valve) -

Length under test force....... ............ 2579 in (65 51 mm) !

Test force.....cooeevees vrviiiiiees e 373191b(166.5 85N) -

Free length after test .......... ........... 350in (88 9 mm) /

Outside diameter ... .......c..e. voevieene 875 in (22 23 mm) 5 j—
(4) Width of oil pump rotors

(NEW) .eoiiiiieeeeiiiiees e, 1 2480 + 0003 in (31 699 +- 0008 mm)

Depth of counterbore in front

housing (new) ....... 1.252 001 in (31 80 + 0 03 mm)
(5) Maximum permissible end clearance of oil pump

rotors when measured with oil pump installed to

w7 ] 7 ] ASHO4XI

front COVEr ...ooovviis vt e, 006 in (0 15 mm)
(6) Clearance of oil pump
(0] (o] g 1] o 1R 002 to 006 in (0.05 to 0.15 mm)
Maximum permissible clearance of oil pump
(0] (o] g 1] o SR 009 in (23 mm)
(7) Bearing junction
(8) Diameter of bearing for VIEW A-A OF VIEW A-A OF
FOOF (NEW) +rveoveeeee ceoeeeeeees oo 2.8041 + 0022 in (71.224 + ROTOR OIL PUMP FRONT HOUSING
0.056 mm)
(9) Position of main bearing junction from vertical
centerling ......ooceees cveeviies e 75 + 30°
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! 2
NN AN A
"N \ r/ \- 1
WATER PUMP
_
(1) Clearance between the water pump 1 / i \j "
impeller face and front H{HIL v X .
(610117 T PR 011 to 033 in (O 28 to 0 84 mm) U
(2) Torque for pulley.... ............ 55x5Ibft (757 Nm)
COOLING SYSTEM [
PRESSURE CAP
(68865)
X264
Relief valve opens at...... ............ 6 5to 8 O psi (45 to 55 kPa)

A92217X1

WATER TEMPERATURE REGULATOR

9N5121 Regulators:

Temperature when completely open....... 197 F (92 C)
(1) Distance at completely

open temperature must not

be more than ................ 1170 n (29 72 mm)
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RADIATOR

(1) Torque for radiator mount

ABITATX1

DOIS oo 47 +31b. ft (634 N m)
V-BELT TENSION CHART
BELT WIDTH TOP BELT TENSION BELT TENSION BORROUGHS GAUGE NUMBERS
SIZE WIDTH OF PULLEY “INITIAL™* “USED™*
BELT TOP GROOVE GAUGE READING GAUGE
READING
in mm in mm Ib. N Ib. N OLD GUAGE NO. NEW GUAGE
NO.
3/8 422 110.72 | .380 | 9.65 100 £5 | 445%22 | 905 400+22 | BT-33-73F BT-33-95
7 547 | 13.89 | 500 | 12.70 | 12045 | 534+22 | 90+10 | 400+44 | BT-33-96-4-16 BT-33-95
5V .625 | 15.88 | .600 | 15.24 | 12045 | 534+22 | 90+10 | 400+44 | BT-33-732-4-15 BT-33-72C
11/16 | .688 | 17.48 | .625 | 15.88 | 120+5 | 534+22 | 90+10 | 400+44 | BT-33-72-4-15 BT-33-72C
Ya 750 | 19.05| .690 | 17.53 | 12045 | 534+22 | 90+10 | 400+44 | BT-33-72-4-15 BT-33-72C
15/16 | .938 | 23.83| .878 | 22.30 | 120#5 | 534+22 | 90+10 | 400+44 | BT-33-72-4-15 BT-33-72C

MEASURE TENSION OF BELT FARTHEST FROM THE ENGINE

*INITIAL” BELT TENSION is for a new belt

*"JSED” BELT TENSION is for a belt which has more than 30 minutes of operation at rated speed of engine.

A10232X5
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Measure wear of the cylinder bore at the top and bottom of piston
ring travel

1)

)
®3)

(4)

()

(6)

)

CYLINDER BLOCK

Cylinder bore [standard, original

SIZE] i e 4.5000 to 4.5015 in (114.300 to 114.338 mm)
The recommendation is made to make

the cylinder bore the next size larger

when the size of the boreis ............ ........... 4.5060 in (114.452 mm)
Cylinder bore must be made the next

size larger when the size of the

DOre IS v s 4.5090 in (114 529 mm) an
Cylinder bore [ 020 in (0 51 mm) larger than the

original size] .....cccee veveennn. 4.5205 + 0005 in (114 821 + 0.013 mm)
The recommendation is made to make the

cylinder bore the next size larger

TM 5-3805-260-24

when the size of the bore is ............ e 4 5260 in (114 960 mm)
Cylinder bore must be made the
next size larger when the size of

the DOre iS....euviiiiees it it e 4 5290 in (115 037 mm)
Cylinder bore [ 040 in (1 02 mm) larger than the

original size]........c.. voveeeenne 4 5405 + 0005 in (115.329 + 0 013 mm)
Maximum permissible wear of cylinder bores

(replacement of the cylinder block

IS NECESSANY) «ooiiver ceveeeeeiin rreeeeae e cvveeeeans 4 5490 in (115 545 mm)

Bore in block for camshaft

bearing ....ccccceevvvvier e e, 2 6525 + 0005 in (67 374 + 0.013 mm)
Width of main bearing

(o= o R USRS 6 5600 + 0007 in (166 624 + 0 018 mm)
Minimum permissible width of

main bearing cap ... cccccvvvis s e, 6.5580 in. (166.573 mm)
Width of main bearing cap guide

(in cylinder block)... ............ 6 5590 + 0005 in (166 599 + 0013 mm)

Bore in block for main

bearing......ccccccvviiit s e 37075 + 0005 in (94.171 + 0.013 mm)
Permissible amount of distortion

INDOMe ..o s e 3.706 to 3.709 in (94 13 to 94.21 mm)

Torque for bolts holding caps for main bearings

1. Put crankcase oil on bolt threads and washer face

2. Tighten all bolts in number sequence

............................... t0 v s . 30 £ 3 1o ft. (40 £ 4 N-m)

3. Put a mark on each bolt and cap

4. Tighten all bolts in number sequence

............................... frommark ........ coooeiiiis 120° £+ 5°
Dimension (new) from centerline of crankshaft bearing

bore to bottom of block

(pan railS)........ccccvver cvveveennns cvviinnnnns 3.7500 £ 0015 in (95 250 = 0 038 mm)
Dimension (new) from centerline of crankshaft

bearing bore to the top of block (top

ECK) v e e e 12 703 £ 005 in (322 66 + 0 13 mm)

amm

1-22



@)

)

®3)

4)

and

(%)

CONNECTING ROD

Bore in bearing for
piston pin ........... 1.5010 £ .0003 in. (38.125 = 0.008 mm)

Bore in connecting rod for bearing [when tightened
according to procedure shown
TINE)) — 2.9418 +.0005 in. (74.721 £ 0.013 mm)

Distance between center of bearing for piston pin
and center of bearing for crankshatft. journal 7.900 + .001
(200.66 + 0.03 mm)

Diameter of piston

o112 [ 1.4999 + .0002 in. (38.097 + 0.005 mm)
Maximum permissible clearance between bearing
PISON ittt pin

Torque for nuts:
A. Put engine oil on bolt threads and seating faces

of cap and nut.

B. Tighten both nuts to.............. 303 1Ib. ft. (40 £ 4 N-m)
C. Puta mark on each nut and cap
D. Tighten each nut from mark...........ccccoeeeeeeenennnn. 605

NOTE: Piston pin bearing junction and locating notch must

be

assembled in the top half of rod eye. Bearing junction can
be located at either position "A" above centerline.

1-23
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CONNECTING ROD WITH
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PISTONS AND RINGS

TM 5-3805-260-24

Make reference to GUIDELINE FOR REUSABLE PARTS, PISTONS AND CYLINDER

LINERS.

PISTONS AND PISTON RINGS

(1) TOP RING

(2) OIL CONTROL RING*

9L6233

9L9316

Width of groove in piston for piston
ring (new)

1290 + .0005 in.
(3.276 + 0.013 mm)

111050 + .0005 in
(2.806 + 0.013 mm)

Thickness of piston ring (new)

.1240 +. .0000 - .0015 In.
(3.150 + 0.000 - 0 038 mm)

.1085 + .0005 in
(2.756 £ 0.013 mm)

Clearance between groove and piston
ring (new)

.0030 to .0055 in
(0.076 to 0.140 mm)

.0010 to .0030 in
(0.025 to 0.076 mm)

Clearance between ends of piston ring when
installed in a cylinder with a bore size
of 4.5000 in.(114.300 mm)

.0225 +.0075 in
(0.572 +.0.190 mm).

.0200 + .0100 in
(0.508 + 0.254 mm)

Increase in clearance between ends of piston
ring for each .001 in.(0.03 mm) increase in
cylinder bore size

.003in.
(0.08 mm)

NOTE: 9L6233 Top Ring (1) has the mark "UP-1.”

*Install 9L931 6 011 Control Ring (2) with the gap in the spring 1800 away from the gap in the ring.
NOTE: Use 5P3519 PISTON RING GROOVE GAUGE to check the top ring groove only

49605X2

3) Bore in piston

for pin ........... 1.5005 to 1.5009 in (38.113 to 38.123 mm)

Clearance between pin and bore in

piston (new)......... .0004 to .0012 in (0.010 to 0.030 mm
Maximum permissible clearance between piston
pin and bore in piston (worn)............. .003 in (0.08 mm)

1-24




CRANKSHAFT.

48745X3

Heat gear to Install Do not heat to a temperature of more
than 500°F (260°C)

@)

)

End play for the crankshaft. .003 to .010 in. (0.08
to 0.25 mm)

Maximum permissible end play for
the crankshaft. (worn).......... .014 in. 10.36 mm)

Diameter of bearing surface (journals)
for the connecting rods standard, original
size]..... 2.7496 + .0006 in. (69.840 + 0.015 mm)

Minimum permissible diameter
(/o] 1) I 2.7486 in. (69.814 mm)

Diameter of bearing surfaces (journals) for the
connecting rods .010 in. 0.25 mm) smaller than
the original size]........ 2.7396 £ 0006 in. (69.586 *
0015 mm)

Minimum permissible diameter
(Worn) ..o, 2.7386 in. (69.560 mm)

Diameter of bearing surfaces (journals) for the
connecting rods [.020 in. (0.51 mm) smaller than
the original size]....... 2.7296 £+ .0006 in. (69.332 +

.0015 mm)
Minimum permissible diameter
(WOIN) weveiiiieeiieee e, 2.7286 in. (69.306 mm)

Diameter of bearing surfaces (journals) for the
connecting rods [.050 in (1.27 mm) smaller than
the original size]........ 2.6996 + 0006 in. (68.570 =
0.015 mm)

Minimum permissible diameter

(WOIN) weveiiiieeeeeee e 2.6986 in. (68.544 mm)
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®3)

¢ o

Diameter of bearing surfaces (journals) for the
main bearings [standard, original
size]........ 3.4995 + .0006 in (88.887 + 0.015 mm)

Minimum permissible diameter
(WOrN) .o 3.4980 in (88.749 mm)

Diameter of bearing surfaces (journals) for the
main bearings .010 in (0.25 mm) smaller than the
original size] .. 3.4895 + .0006 in. (88.633 £ 0.015
mm)

Minimum permissible diameter
(WOrN) .o, 3.4880 in. (88.595 mm)

Diameter of bearing surfaces (journals) for the
main bearings [.020 in (0.51 mm) smaller than
the original size]....... 3.4795 + .0006 in. (88.379 +
0.015 mm)

Minimum permissible diameter
(WOIN) v 3.4780 in. (88.341 mm)

Diameter of bearing surfaces (journals) for the
main bearings [.050 in. (1.27 mm) smaller than
the original size] ....... 3.4495 + .0006 In (87.617
0.015 mm)

Minimum permissible diameter

(V0] ¢) 3.4480 in. (87.579 mm)
Maximum permissible run out (axial eccentricity)
of the crankshaft., measured at the center main
bearing surface (journal)...... .008 in. (0.20 mm)

Maximum permissible run out (axial eccentricity)
of the crankshaft., measured at No 2 and No 4 main
bearing surfaces (journal) .... .004 in. (0.10 mm)



BEARINGS FOR CONNECTING

RODS AND MAINS

TM 5-3805-260-24

CONNECTING ROD BEARINGS

.010 in. (0.25 mm)

.020 in. (0.51 mm)

.050in. (1.27 mm)

UNDERSIZE UNDERSIZE UNDERSIZE
ORIGINAL SIZE (SMALLER) (SMALLER) (SMALLER)
JOURNAL JOURNAL JOURNAL JOURNAL

Diameter of crankshaft. journal
(bearing surface) for connect-
ing rod.

2.7496 + .0006 in.
(69.840 + 0.015 mm)

2.7396 = .0006 in.

(69.586 + 0.015 mm

2.7296 + .0006 in.
(69.332 £ 0.015 mm

2.6996 + .0006 in.
(68.570 + 0.015 mm)

Clearance between bearing
and journal (new)

.0021 to .0055 in.
(0.053 to 0.140 mm)

Maximum permissible clear-
ance between bearing and
journal

.006 in.
(0.15 mm)

MAIN BEARINGS

.010 in. (0.25 mm)

.020 in. (0.51 mm)

.050 in. (1.27 mm)

UNDERSIZE UNDERSIZE UNDERSIZE
ORIGINAL SIZE (SMALLER) (SMALLER) (SMALLER)
JOURNAL JOURNAL JOURNAL JOURNAL

(bearing surface) for main beart
Diameter of crankshatft. journal
ings

3.4995 + .0006 in.

(88.887 £ 0.015 mm)

3.4895 + .0006 in.

(88.633 £ 0.015 mm)

3.4795 £ .0006 in.

(88.379 £ 0015 mm)

3.4495 + .0006 in.

(87.617 £ 0.015mm)

Clearance between bearing
and journal (new)

.0030 to .0066 in.
(0.076 to 0.168 mm)

Maximum permissible clear-
ance between bearing and
journal.

.007 in.
(0.18 mm)
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PULLEY AND DAMPER

A0B417X2

Install the damper assembly on the crankshaft. until the hub of the
damper assembly comes in contact with the gear on the crankshatt..
DO NOT use the bolt and washer that holds the damper assembly on

the crankshatft. to install the damper assembly

1)

Torque for bolt holding
the pulley ......ccccoviieiennnn.

460 + 60 Ib. ft. (624 + 80 N-m)
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FLYWHEEL

(1) Flywheel shoulder.

(2) Install ring gear so that part No is on this side Ring gear must be
assembled against shoulder of flywheel.

NOTE Do not heat ring gear to more than 400 °F (204°C) before
installing on flywheel.

(3) Pilot bore.

(4) Torque for bolts holding flywheel to
crankshaft.......cccccccovevevn, 55+ 51b. ft. 175-7 N-m)

Put 5P3413 Sealant on the bolt threads.

NOTE: Dash mark on flywheel must be in alignment with dash mark on
crankshatft..
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FLYWHEEL RUNOUT

Face Runout (axial eccentricity) of the Flywheel:

1. Install the dial indicator as shown Put a force on the
flywheel toward the rear.

2. Set the dial indicator to read .000 in. (0.0 mm).

3. Turn the flywheel and read the indicator every 90°
Put a force on the flywheel to the rear before each
reading.

4, The difference between the lower and higher

measurements taken at all four points must not be
more than .006 in. (0.15 mm), which is the
maximum permissible face runout (axial eccentricity)
of the flywheel.

Bore Runout (radial eccentricity) of the Flywheel:

1. Install the dial Indicator (3) and make an adjustment
of the universal attachment (4) so it makes contact
as shown.

2. Set the dial indicator to read .000 in. (0.0 mm).

3. Turn the flywheel and read the indicator every 900.

4. The difference between the lower and higher

measurements taken at all four points must not be
more than .006 in. (0.15 mm), which Is the

maximum  permissible  bore runout (radial
eccentricity) of the flywheel.
5. Runout (eccentricity) of the bore for the pilot bearing

for the flywheel clutch, must not exceed .005 in.

(0.13 mm).
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CHECKING FACE RUNOUT OF THE FLYWHEEL

74910%2

74911X1

CHECKING FLYWHEEL CLUTCH
PILOT BEARING BORE
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FLYWHEEL HOUSING RUNOUT

A10272x1

852328 DIAL INDICATOR GROUP INSTALLED

Face Runout (axial eccentricity) of the Flywheel c (ToP)
Housing:
1. Fasten a dial indicator to the crankshaft. flange so

the anvil of the indicator will touch the face of the
flywheel housing.

2. Put a force on the crankshaft. toward the rear before
reading the indicator at each point.

3. With dial indicator set at .000 in (0.0 mm) at location

(A), turn the crankshaft. and read the indicator at

locations (B), (C) and (D). D B
4. The difference between lower and higher

measurements taken at all four points must not be
more than .010 in. (0.25 mm), whichis the
maximum permissible face run out (axial
eccentricity) of the flywheel housing.

A10233X1

A (BOTTOM)
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c (ToP)

FLYWHEEL HOUSING BORE

NOTE: Write the dial indicator measurements with their positive (+)
and negative (-) notation (signs). This notation is necessary for
making the calculations in the chart correctly.

1.With the dial indicator in position at (C), adjust the dial indicator
to "0" (zero) Push the crankshaft. up against the top bearing
Write the measurement for bearing clearance on line 1 in column (C).

2.Divide the measurement from Step 1 by 2 Write this number on
line 1 In columns (B) & (D). Arozssxt

A (BOTTOM)

3.Turn the crankshaft. to put the dial Indicator at (A) Adjust the dial
indicator to "0" (zero).

4.Turn the crankshaft. counterclockwise to put the dial indicator at
(B). Write the measurement in the chart.

5.Turn the crankshaft. counterclockwise to put the dial indicator at
(C). Write the measurement in the chart.

6.Turn the crankshaft. counterclockwise to put the dial indicator at
(D). Write the measurement in the chart.

7.Add lines | & Il by columns. Avoz7ixt

8.subtract the smaller number from the larger number in line Il in

columns (B) & (D) The result is the horizontal "eccentricity" (out As2950%1
of round) Line IlI, column (C) is the vertical eccentricity.
CHART FOR DIAL INDICATOR MEASUREMENTS o e -y | l | I
POSIItIC-)n Of NOT ACCEPTABLE ™|
dial indicator oos | ' ]
Line (0.20)
No. A B C D
.006
{0.15) B
Correction for bearing clearance I 0 J ACCEPTABLE |
- TT
.004
Dial Indicator Reading I 0 010 § \
Total of Line 1 & 2 i 0 *x * *x 002 \
{0.05)
*Total Vertical eccentricity (out of round).
**Subtract the smaller No. from the larger No. The difference is 0 002 .004 .006 008 010
the total horizontal eccentricity {©.051 10100 {015 (0200  {0.25)
9. On the graph for total eccentricity find the point of Intersection of

the lines for vertical eccentricity and horizontal eccentricity

10. If the point of intersection is in the range marked "Acceptable"
the bore is in alignment If the point of intersection is in the
range marked "Not Acceptable" the flywheel housing must be
changed
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ALTERNATOR

6N9294 24V-35A (Delco-Remy Number 1117640)

CHICUIT ..t B

Polarity is negative ground

Speed for teStiNg.........uuurururiieiiiiiiiiiiiiieieirer. 6500 rpm

Rotation can be either direction

Output when cold

Fasten carbon pile to battery

to get maximum OUtpUL ........cooeeeieii i, 35A

Rated output, ot ........c.eeeiiiiee e 35A

Field current at 80’- F (27- C)..covvvvvvvveveeeeeeveeeeiiinns 25t03.2A

Voltage regulator (Not Adjustable)

Voltage range.........ccccoeeeie e, 26t0 30V
(1) Torque for NUL .......ccovvvveeiiiieeeee, 75+ 5 Ib. ft. (100 £ 7 N-m)
(2) Torque for output terminal ............ 5£.5Ib.ft. (7.1 £ 0.7 N-m)
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STARTER MOTORS
3T2772 24V (Delco-Remy Number 1113540)

Rotation is clockwise when seen from drive end.

Minimum speed With N0 10ad ............cooviiiiiiiniii e 5500 rpm
Maximum speed with no load............cccccveeeei e, 7500 rpm
Current consumption (draw) at no load:

Minimum with solenoid at 20V...........ccceeeieeiiiiiiiiieeee e 60 A

Maximum with solenoid at 20V..........ccccceveeeiiiiiiiiieecee e 80 A
Clearance between pinion and housing
(pinion clearance).........cccovvvveeeiiiiieee e 331t0.39in. (8.3t0 9.9 mm)
Q) Torque for screws holding nose housing

to lever housing .........ccccvvvveennnnnnnnn. 13to 17 Ib.. ft.. (18 to 23 N-m)
(2) Torque for terminal nuts ................. 20 to 25 Ib.. ft.. (25 to 35 N-m)

9G4339 24V (Delco-Remy Number 1993814)

Rotation is clockwise when seen from drive end.

Minimum speed With N0 10ad ............cooiiiiiiiii e 6500
Maximum speed With N0 load............ccccuviiiiiiiiiiees 7700
Current consumption (draw) at no load:

Minimum with solenoid at 20V...........cccuveeieiiiiiiiiiiiiiieceeeeee 60 A

Maximum with solenoid at 20V..........ccccceveeeiiiiciiiieeee e 75 A
Clearance between pinion and housing
(pinion clearance)........cccovvveeeeiiiieee e 33t0.39in. (8.3 t0 9.9 mm)
1) Torque for screws holding nose housing

to lever housing.......... oveeeeviiiieeenns 13to 21 Ib.. ft.. (18 to 30 N-m)
(2) Torque for terminal nuts.................. 20 to 25 Ib.. ft.. (25 to 35 N-m)
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STARTER SOLENOIDS

1P9181 24V (Delco-Remy Number 1115526) 2
Current consumption (draw)’
Current pull in windings at 5V..........cccoeeeenee 9to 11.5A
Current hold in windings at 20V................... max. of 6.8 A
Q) 4M1815 Spring for contact release: <
Length under test force .........coccvveernnnnen. 42 in. (10.7 mm) |
Testforce ....covvvvvevcceieieenennn, 8.5t09.51b. (38.0t0 42.5N) p /
Free length after test........ 83 £.015in. (21.1 £ 0.38 mm) g e
Outside diameter-............... 375+.010in. (9.53 0.25 mm) /;,:'” [
&

(2 9M7609 Spring to return the clutch lever:

Length under test force ..........ccccceeneee. 1.56 in. (39.6 mm)

Testforce .....ocovvviiiiciie, 14 £ 51b.. (62 2.2 N)

Free length after test........ccccceeeeeeeeennn. 2.79in. (70.9 mm)

Outside diameter ....... 1.393 +.015in. (35.38 £ 0.38 mm)
3) Torque for terminal

SCIeWS ..o 16 t0 30 Ib. in. (1.8 to 3.4 N-m)

77258 24V (Delco-Remy Number 1115595)

IP9181 24V (Delco-Remy Number 1115526) 1
Current consumption (draw):
Current pull in windings at 8V..........cccvvvvvvvenees 85t010A .
Current hold in windings at 20V.................... max. of 15 A NG
(1) 4M1815 Spring for contact release: Hl 4 " I
Length under test force .............ceeeeen. 42 in. (10.7 mm)
Testforce ....ocoovvveviiieneennnn 8.5t09.51b.. (38.0to 42.5 N) 3 ‘
Free length after test ........ 831t0.015in. (21.1 0.38 mm) =7 2.t
Outside diameter............. 375 £.010in. (9.53 +0.25 mm)

T92247 X1

(2) 9M7609 Spring to return the clutch lever:

Length under test force ...........cccceeueee. 1.56 in. (39.6 mm)

Testforce .....oovveveeiicie e, 14 £51b. (62 2.2 N)

Free length after test ..., 2.79in, (70.9 mm)

Outside diameter-....... 1.393 +.015in. (36.38 £ 0.38 mm)
3) Torque for terminal

SCIEWS ..o 16 to 30 Ib. in. (1.8 to 3.4 N-m)
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ELECTRIC FUEL PUMP

Models 613BSNS and 613BSS
6N6 24V (AC Spark Plug Division Number 6441067)

Current consumption (draw):

CUurrent at 20V ... 8A
Currentat 20t0 32V ... 8to1.3A
Pressure of fuel at pump outlet when pump is operated at 24V:
MINIMUM .. 5.0 psi (35 kPa)
MaXimMUM .....oueeenieniiiienaee 7.5 psi (52 kPa)

Models 613BSNS1 and 613BSS1
7TW5668 24V (AC Spark Plug Division Number 6442514)

Current consumption (draw):

CUurrent at 20V ......oooeeiiii A
Currentat 20t0 32V ..., 8to1.3A
Pressure of fuel at pump outlet when pump is operated at 24V:
MINIMUM . 4.7 psi (33 kPa)
MaXimMUM .....oueeeniiiiian, 8.8 psi (62 kPa)

AIR COMPRESSOR

Q) Torque for nut that holds the drive pulley
Tighten farther to get alignment of
hole for cotter pin........cccccceeieiiiiiininnnns 50 Ib. ft. (70 N-m)

(2) Torque for bolts holding the
air Compressor..........cccceeeeeeenn... 30+51b. ft. (40 £ 7 N-m)

1-35

TM 5-3805-260-24

Y

A18220X [ S——’

Al e

Inlet Outlet

A12946X1



TM 5-3805-260-24

SHUTOFF SOLENOID

I

G. W. LISK
(2)

Coil resistance (ohms) at a temperature of 700°F (210°C) is 19.7 + 2.0.
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SECTION 2
SPECIFICATIONS
POWER TRAIN
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1)

)

®3)
(4)

(5)
(6)
(@)
(8)

TM 5 3805-260-24

TORQUE CONVERTER

X3789X2

Torque for bolts that hold impeller
to turning housing ............... 20+ 11b. ft. (27 £ 1 N-m)

Clearance between turbine and turning housing:
Across the diameter ............ .020t0 .040 in. (0.51 to
1.02 mm)

Maximum permissible clearance:

Across the diameter.........cccooccvvieeieeiinniinnn, .045in
(2.124 mm)

RUNNING......ccooovieii, .0225 in. (0.57 mm)
Torque for bolts that hold retainer

to turning housing ............... 36 +2Ib. ft. (49 £3 N-m)
Torque for bolts that hold drive gear

for pump to impeller.................. 20+ 11b.. ft.. (27 £ 1
Nem)

Torque for bolt that holds bearing on

output shaft..................... 81+4Ib..ft. (110 +5N-m)

Torque for the bolts that hold stator
to the converter housing ....... 362 Ib.. ft.. (49 £ 3 N-m)
Torque for the bolts that hold stator
to the carrier........cccocveeee 20+ 11b.. ft.. (27 £ 1 N-m)
Torque for the bolts that hold flange
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9)
(10)

(11)

(12)

to the output shaft 36 + 2 Ib. ft. (49 £3 Nem)

Gap in seal rings. .005 to .015 in. (0.13 to 0.38 mm)
Clearance between stator and turbine:

Across the diameter.. .012 to .018 in. (0.30 to 0.46
mm)

Running............... .006 to .009 in. (0.15 to 0.3 mm)
Maximum permissible clearance:

Across the diameter .................. .030in. (0.76 mm)
RUNNING......ceiiiiiie e, .015in. (0.38 mm)
Clearance between stator and impeller:

Across the diameter.. .009 to .015 in. (0.23 to 0.38
mm)

Running......... .0045 to .0075 in. (0.11 to 0.19 mm)
Maximum permissible clearance:

Across the diameter.................. .024 in. (0.61 mm)

RUNNING.....ooiie, .012 in. (0.30 mm)
Torque for bolts that hold retainer
to converter housing ........ 36 + 2 1b. ft. (49 + 3 Nem)



1)

)

®3)

(4)

G

TM 5-3805-260-24

TRANSMISSION

(7S7008)

N
N
£
14 15 16
4S5854 Springs for No. 1 clutch:
Length under test force................. 1.58 in. (40.1 mm)
TEStTOrCe ..ovviiiiiiiieee e, 74 1b.. (329 N)
Free length after test............covvvvvvnnnns 1.83 (46.5 mm)
Outside diameter.........c.cocvvveernnnnn. 60 in. (15.2 mm)
Thickness of five new discs and
four new plates for No. 2
clutch............. 1.888 t0 1.942 in. (47.96 to 49.33 mm)
Thickness of four new discs
and three new plates for No. 3
clutch............. 1.461 to 1.503 in. (36.91 to 38.18 mm)
Thickness of one new
3P8393 Plate ........... 250 .003in.(6.35 0.08 mm)
Thickness of one new
357981 Disc............. 183 +.003 in. (4.65 0.08 mm)
4M5016 Springs for the No. 2 and No. 3 clutches:
Length under test force................. 2.68in. (80.1 mm)
Test force............... 28.00 + 2.24 Ib.. (124.5 £ 9.97 N)
Free length after test..................... 3.28in. (83.3 mm)
Outside diameter.........ccccocceveennne. 563 in. (14.3 mm)

)Torque for the bolts (nine) .34 + 2 Ib. ft. (46 + 3 N-m)

"
Z 7 /Z : .
4 H |
—-L-'; q 13
’§§ Z :
NN
N —in
N | ¥ -
E pE—
"
AR ez
] —4
Nz
= T
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(6) Length of pins (five) for No. 2

and No. 3 clutches..........ccccceneee. 6.94 in. (176.3 mm)
(7) Length of pins (five) for No. 4

and No. 5 clutches....................... 5.00in. (127.0 mm)
(8) 9H5537 Springs for No. 4 dutch:

Length under test force................ 1.84 in. (46.74 mm)

Test force.............. 28.75+ 2.3 1b.. (127.88 £ 10.2 N)

Free length after test ................... 2.47in. (62.74 mm)

Outside diameter ............ccceee... 562 in. (14.27 mm)
(9) Thickness of three new discs

and two new plates for No. 4 and No. 6

clutches ......... 1.034 to 1.064 in. (26.26 to 27.03 mm)

(10)4M9592 Springs for No. 5 clutch:
Length under test force.............. 1.375in. (34.92 mm)
Test force......ccccceevennnns 26.2+1.31b.. (116.5+ 5.8 N)
Free length after test ................. 1.760 in. (44.70 mm)
Outside diameter .........ccccccee..e. .562 in. (14.27 mm)



(11)

(12)

(13)

(14)

TM 5-3805-260-24

Transmission (Cont.)

V0

758553 Springs for No. 6 clutch;
Length under test force ...... 1.735in. (44 07 mm)

Test force ................ 60.0 + 4.8 Ib. (267 + 21.4 N)
Free length after test.......... 1.990 in. (50.55 mm)
Outside diameter................... 562 in. (14.27 mm)

Length of pins (five) for No 6 clutch........ 2.688 in.
(68.27 mm)

Thickness of two new discs and one new plate
for No 5 clutch.. .607 to .625 in. (15 42 to 15.87
mm)

Thickness of one new 3P8393

.250 £ .003 in. (6.35 + 0.08 mm)
Thickness of one new 357981

i .183 +.003 in (4.65 + 0.08 mm)

Thickness of two new discs and one new plate
for No 1 clutch ... .491to .509 in (12.47 t0 12.93
mm)

Thickness of one new 455891

.110£.003in (2 79 + 9.08 mm)
Thickness of one new 254983

i 195 +.003 in. (4.95 + 0.08 mm)

?

(15)
(16)
case

7).

(19)
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Torque for the bolts
(EWO) eveeeiieee e 80 £ 5 Ib. ft. (109 + 7 Nem)

Torque for the bolts (nine) that hold transmission

to clutch housing......... 80 =5 Ib. ft. (109 £ 7 Nem)
(18) Diameter of shafts for planet gears

in the No. 2, No. 3, No. 4 and No 5
clutches.....7930 to 7934 in. (20 14 to 20 15 mm)
Torque for the bolts (ten) in

No. 6 clutch housing...85 = 5 Ib. ft. (116 + 7 Nem)
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TRANSMISSION AND SCAVENGE PUMP

—

Rotation is counterclockwise when seen from the drive gear. For bench
test use SAE 10W oil at 120° F (49°C). \
///M\\\\\ f/// I,
. .|- RSN ‘“w
Q) Pressure section: 3
OutpUt.....coeeiiiiiieieeeeee 24.3 U.S. gpm (91.97 litre/min) NN
WIth PUMP L ..o 2855 rpm % ‘i‘“‘“ V
at a pressure of ........... 310 psi (21 8 kg/cm?2) (2137 kPa) S \:s NV ,\}\'
(2) Scavenge section: §| << \ \ 3
(@]1]1 101 SRT 9.7 U.S. gpm (36.73 litre/min) =N NN S &\
WIth PUMP AL ..o 2855 rpm ,/,’7:~\§ \ \q]
at a pressure of ................. 60 psi (4.2 kg/cm?) (414 kPa) %I v AN\ ’ 3
(3) Torque for DOtS..covveeeeeeeeeieee 36+ 2 Ib. ft. (49 +3 Nm) TS9588-2X1 4
(4) Diameter of shafts ..........ccccevviiieennnn .88in (22.4 mm)

TRANSMISSION HYDRAULIC CONTROLS
(853437)

Q) Torque for the bolts

(12point head) ........cccceeennnnnnnns 22+ 31b. ft. (30 £ 4 N-m)
(2) Torque for the bolts

(6 pointhead) ........ccccoeeunnnnnnnnns 35+51Ib. ft. (48 £ 7 N-m)
3 Torque for the bolts (two) that hold control levers

tothe shaft.........oovvvvvvvviveennnnnn, 35+51b. ft. (48 £ 7 N-m)

NOTE: Put 7M7260 Liquid Gasket on bore surface in transmission case
for the lip-type seals and let dry. Do not let Liquid Gasket get on the case
of the lip-type seals. Put a small amount of the lubricant being sealed on
the lip of the seals before installation
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PRESSURE CONTROL VALVE

958850

Plunger Springs:
(2), (6) 4M2381 Springs:

Length under test force ...........c..c..... A48 in. (12.19 mm)
Testforce ..o, .517 £.041 Ib. (2.30 = 0.18N)
Free length after test........................ .89 in. (22.60 mm)
Outside diameter.........ccccceevvvverernnnnn. .30 in. (7.62 mm)

Modulation Relief Valve:
(2) 754596 Spring (outer):

FIRST TEST:
Length........cccuviiiiiiiiiiiiieiiieeeieees 3.19in. (81.0 mm)
Testforce ....vvvvvvvevevenennnns 8.50 £ .60 Ib. (37.81 £ 2.67 N)
SECOND TEST: ! 2 3
Length under test force ..........cccceeenneee. 1.94 in. (4.93 mm)
Test force ....covevevennnne 38.50 £ 1.151b. (171.25+ 5.12 N) 7
Free length after test.........ccccceeeeeeinnn. 3.451in. (87.6 mm) E
Outside diameter........ccccceevvvneeennns .830 in. (21.08 mm) i
4 A
3 758495 Spring (inner, green stripe): 557 ﬂ% 5
FIRST TEST:
Length....c.ooooiiiiiie e 5.38in. (136.7 mm) /
Testforce ....coocevviineeennnn. 12.71 +1.02 Ib. (56.5 + 4.5 N) %/ )
SECOND TEST: . 7 /
Length under test force .........cccccu.... 4.16 in. (105.7 mm) %/f \
Testforce .......cooevvviennnenn. 26.62 + .80 Ib. (118.5+ 3.6 N) oL \ .
Free length after test.........ccccocveeeenns 5.96 n. (151.4 mm)
Outside diameter.............cccceeevennnn. 579 in. (14.7 mm)
(4), (8) Torque for bolts.................. 22+ 3Ib. ft. (30 £ 4 N-m)

Differential and Safety Valve:
(5) 359950 Spring (outer):

Length under test force ................... 1.375in. (34.93 mm)
Testforce ......occcvvveeeieeiinnnnnnn 17.6 £.7Ib. (78.28 £ 3.1 N)
Free length after test..........ccocceeeennne. 3.44in. (87.4 mm)
Outside diameter...........occcuvvveeeeeenn. 1.250 in. (31.75 mm)
(7) 359949 Spring (inner):
Length under test force ..........cccceeneee. 2.28in. (57.9 mm)
Testforce ....coocvevvcveeennne 12.40 + .50 Ib. (55.16 + 2.22 N)
Free length after test............cccuvveeee. 4.50in. (114.3 mm)
diameter ... .590 in. (14.99 mm)
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SELECTOR VALVE
(853436)

() 8B3090 Spring:
Length under test force .................. .594 in. (15.08 mm)
Testforce ........coeeeeeee 12.3t0 14.4 Ib.. (54.7 to 64.1 N)
Free length after test..........cccceeeeenn. 1.05in. (26.59 mm)
Outside diameter.........ccccceevvviereennnn. .33in. (8.33 mm)
(2) Torque for bolts that hold
COVEN .iiiiieiiieireeee e 22 +3b. ft. (30 £ 4 N-m)
LUBRICATION RELIEF VALVE
(7S8567)
(1) Value
opens at........ 10 £ 3 psi (0.7 £ 0.2 kg/cm?2) (69 * 21 kPa)
(2) 7B3039 Spring for the plunger:
Length under test force ..........ccccec.... 1.031in. (26.2 mm)
Testforce ....cococvvvennnnnnnnn. 3.22t03.78 Ib. (14.3t0 16.8 N)
Free length after test..........cccocveee. 1.438in. (36.53 mm)
Outside diameter...........cccccevvveveeenee. .781in. (19 8 mm)
TRANSMISSION OIL FILTER
(256457)
Q) Torque for plug
(bypass valve) ........cccccveeeeeenns 35+51b.. ft.. (48 £ 7 N-m)
(2) Torque for plug......cccoevveveeiniiieeee 35+51b. ft. (48 £ 7 N-m)
3) 255816 Spring for bypass valve:
Length under test force .........cccceeee.. 1.35in. (34.3 mm)
Testforce ...coovvvevevevevivinnnnnnn, 12.2+£981b. (54.3+£4.4N)
Free length after test..........cccceeennne 1.86 in. (47.2 mm)
Outside diameter.........ccccevvvevevnnnns 562 in. (14.27 mm)
(4) Torque for nut that holds the filter element
iN POSItION ....evvveeeeiiiiiiiiieeen, 120 + 24 Ib. in. (14 £ 3 N-m)
(5) Torque for the drain

118 o 35+51Ib. ft. (48 £ 7 N-m)
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DRIVE SHAFT.S

Upper Drive Shaft.

(1) and (3) Torque for bolts .................... 45+51b. ft. (61 £ 7 N-m)
(2) and (4) Torque for bolts .............. 50 to 55 Ib. ft. (68 to 75 N-m)
1 2
8]
—_— 1
X3759-1 X1 3

Lower Drive Shaft.

(2), (2) and (3) Torque for
DOIS oo 120 + 10 Ib. ft. (163 £ 14 N-m)
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TRANSFER GEARS (INPUT)

B Dy 1
NN

(1) Torque for bolt that holds flange to output gear 805 Ib. ft. (1097 N M) 77 X
(2) Put a small amount of the lubricant being sealed on lip of seal. Install ||';}; .
the seal with lip toward the bearing cup. /////,,&}‘-;,ﬁ- ‘L

[

7 e

(3) Torque forthe nut 150t 10 Ib. R. (204. 14 N m)

AITATIXI

¥1Ma1x2

TRANSFER GEARS (OUTPUT)

TN
Do

NOTE: Install idler gear (4) with bearing assembly and idler shaft (5) into ‘ ";;'Z,' ;/)
the case assembly and tighten bolts (6) before checking end clearance of ' 7////,! :
input gear (3) and output shaft (11). T g
(2) Add or remove shims (1) to get end clearance of input shaft of .003 to 5 \ 4

.005 in. (0.08 to 0.13 mm)
(7) End clearance after new bearing Is assembled (no adjustment ]

possible) .003 to 0.013 in. (0.08 to 0.33 mm) b
(9) Add or remove shims (8) to get end clearance of bearings on output ///////%l N !

shaftof 003 to.005 in. (0.08 to 0.13 mm) i, "
(10) Torque for bolt that holds yoke to the output shaft 805 Ib. ft. (109 g =l

A . .\\I:l\\

. 7TNm)

(12) Put 7M7260 Liquid Gasket in bore of the cages for the seals and let
dry before installing seals. Do not put Liquid Gasket on case of the
seals. Put a small amount of the lubricant being sealed on lip of the
seals. Install the seals with lip toward the bearing cup.
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DIFFERENTIAL GROUP

(1) Torque for bolts 100 £ 15 Ib. ft (13620 N m)

.

= A29801X1

DIFFERENTIAL AND BEVEL GEAR WITH
DIFFERENTIAL LOCK
(8D2800)

MODELS 613BSS AND 613BSNS

Torque for four bearing

cap bolts ..ooovvvveiieii 35037 Ib ft (47550 N M)
(6) Torque for 12 bolts that hold carrier

to axle housiNg .....ccccceveeieieieiiieieeeenn, 198 9 Ib ft (269 - 12 N-m)
(8) Torque for 12 bolts that hold case

assemblies together .........cccccvvvvennes 100 - 10 Ib ft (135 + 14 N-m)
(13) Torque for 12 bolts ............ 9818 Ib ft (133 - 24 N-m)

Adjustment Procedure:
1 Install pinion shaft (4) with bearings in housing (3)
2 Tighten nut (2) on pinion shaft (4), until torque needed to turn
pinion shaft (4) iS ......ccocevevvuneenn. 8,2IbIn(0O9_02N-m)
3 Install lock and nut (1).
4 Install case (9) in carrier (11)
5 Install pinion shaft (4) and housing (3) into carrier (11) Use shims
(5) to put pinion shaft (4) in alignment with bevel gear (10)
6 Make adjustments to nut (12) and nut (7) until free movement
(backlash) between bevel gear (10) and pinion shaft
(B) 1S woeveiee e 008 to 017 in. (0201to 043
mm)
7 Tighten nut (12) and nut (7) the same amount until the torque
needed to turn pinion shaft
(A) IS e, 30to 50 Ibin (3 to 6 N-m) If
the nuts are turned the same amount, the free movement
(back-lash) will not change
8 Check free movement (backlash), If an adjustment Is necessary,
turn nut (12) and nut (7) the same amount, and in the same
direction until the correct free movement (backlash) Is given. If
the nuts are turned the same amount and in the same direction,
the bearing preload will not change
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Differential and Bevel Gear
With Differential Lock (Cont.)

9. Use the procedure that follows to check tooth contact.
a. Put a small amount of Prussian blue, red lead, or paint on the
bevel gear teeth.
b. Turn the pinion shaft in both directions and check the marks made
on the bevel gear teeth.
c. See the illustration for the marks of the correct tooth contact.
10. If the marks on the bevel gear look like the marks in lllustration A,
use the procedure that follows:
a. Remove some of shims (5).
b. After some of the shims are removed, do Steps 6, 7 and 8 again.
c. Check tooth contact again.
11. If the marks on the bevel gear look like the marks in lllustration B,
use the procedure that follows:
a. Install more of shims (5).
b. After more of the shims are installed, do Steps 6, 7, and 8
again.
NOTE: Several adjustments may be necessary before the tooth contact
is correct. Free movement (backlash) must be correct before tooth
contact can be checked.
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DIFFERENTIAL AND BEVEL GEAR WITH DIFFERENTIAL LOCK
Models 613BSNS1 and 613BSS1

1 2 3 | 4 5 6 7 8 9 10
|
1" / o \ 7
\ é‘ 1y
( SN i
S
12
2 77,
\ A
a )
13 14 15 16 B59110X1
(3) Torque for ten bolts that fasten carrier (4) to the axle 5 When the torque needed to turn the pinion is correct, stake
housing 270 + 25 N m (200 £+ 18 Ib ft.) nut (10) by peening the collar on the nut into the key slot in
(6) Torque for eight bolts that fasten pinion housing pinion shaft (8), see lllustration A for the correct tooling and
(7) to carrier (4) 270 + 25 N-m (200 -+ 18 Ib.ft.) (11) Torque dimensions
for 12 bolts that hold the differential group together NOTE. The nut may be reused if the collar is not cracked
135 + 20 N-m (100 + 15 Ib.ft) _ _ during removal or restaking.
(13) Apply 953263 Thread Lock to the internal threads in bevel
gear (12) Torque 24 bolts that fasten bevel gear (12) to the 100 1o 300

differential group 135+ 15N M (100 * 11 Ib.ft.)

(16) Torque for four bolts that fasten the caps to carrier (4)

after the preload and backlash adjustments have been made

475 + 50 N-m (350 + 37 Ib.ft.) Adjustment Procedure: Pinion

Preload Adjustment Toou
1. Install bearing cups in housing (7) Bearing cups must be

against (seated) the shoulders in housing (7).

2 Install the bearing cone next to the pinion teeth on pinion (8).

Bearing cone must be against (seated) the shoulder on pinion

._

(8).

3 Lubricate bearing and install pinion (8) in housing (7) SPHERICAL COMPLETED STAKE

Lubricate and install bearing cone, washer (9) and nut (10). RADIUS ) MINIMUM LENGTH
4. Position the assembly in a soft jawed vise. Tighten the vise o188y
against the teeth on pinion (8). While turning housing (7) 80+0 ¥

tighten nut (10) )\\Fms:g's mm

until the torque needed to turn the pinion is: —.020in.} N INIMUM DEPTH
New bearings 07t01.1Nm(6to101Ibin.) 2.5 mm
Used bearings 0.35t00.55 NM (3to 5 Ibin.) 870513X1 (0.098 in.}
Check to be sure that there is zero end play of pinion shaft (8). ILLUSTRATION A
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Differential Backlash and Bearing Adjustment;
NOTE. The following procedure controls backlash and bearing
preload. This procedure gives the same results for used and
new bearings

1 Fasten pinion housing (7) to carrier (4). If original gears,
carrier assembly and housing are used again, use the
original thickness of shims (5) If any of these parts are
replaced, install a shim pack thickness of 80% of a new full
shim pack.

NOTE: Shim pack (5) thickness may have to be changed
when adjusting the tooth contact pattern

2 Tighten eight bolts (6) to a torque of
m(200 + 18 Ib ft.)

3 With housing (7) fastened to carrier (4), position pinion (8)
in the vertical position, downward.

4 Lubricate bearings and install bearing cups on the
differential bearings to protect them.

5 Install differential in carrier (4) with bevel gear (12) on side
opposite the pin hole in carrier (4)

6. Install caps (1) and (14) and adjustment rings (2) and (15).
Adjustment rings (2) and (15) must turn freely.

7. Tighten one bolt (16) on caps (1) and (14) to a torque of 70
N m (50 Ib ft.) and the other bolt on caps (1) and(14) to a
torque of 5N-m (4 Ibft)

8 Tighten adjustment rings (2) and (15) until there is a small
amount of backlash and zero preload on differential
bearings

9 Reposition the assembly so that pinion shaft (8) is In the
horizontal position and measure the torque required to
rotate pinion (8) Record this measurement.

10 Tighten adjustment ring (15) while turning bevel gear until
there is zero backlash

11 Loosen adjustment ring (15) to the nearest lock position
(maximum of one lug movement).

12. Tighten adjustment ring (2) until the torque required to
rotate pinion (8) increases to 0.2 to 0.6 N-m (1 to 4 Ib.in.)
over the torque reading in Step 9.

13 Put a mark (A) on cap (1). Put a mark (B) on adjustment
ring (2) three lugs from mark (A). Tighten adjustment ring
(2) until mark (B) is in alignment with mark (A).

14. If lock can not be installed, tighten adjustment nut (2) until

lock can be installed.

15. Measure the backlash between the ring gear and pinion.
The backlash must be 0.20 to 0.42 mm (.008 to .017 in.).

16 If backlash is too much, loosen adjustment ring (2) and
tighten adjustment ring (15) the same amount.

17 If backlash is not enough, loosen adjustment ring (15) and

tighten adjustment ring (2) the same amount.

NOTE The differential preload will be kept only if one
adjustment ring is loosened and the other adjustment ring
is tightened the same amount.

18. Tighten bolts(16) in caps (1)and (14) to a torque of
475 + 50 N m (350 + 37 Ib.ft.)

19. After the backlash and preload adjustments have been
made, the tooth contact between pinion (8) and ring gear
(12) must then be checked Do the procedure that follows:
a. Put a small amount of a mixture of paint pigment and

oil on the teeth of ring gear (12)
b Turn pinion (8) In both directions.
¢ The correct area of tooth contact is located equally on
both sides and starts near the inside end of the teeth of ring
gear (12) See lllustration B for an example of the correct area
of tooth contact.

270+ 25N
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20. If the marks made on the teeth of ring gear (12) look like
the marks in lllustration C, do the procedure that follows:
a. Add some of shims (5)
b. Loosen bolts (16) to the torque indicated in Step 7
c. Do Steps 15 through 19 again.

21 If the marks made on the teeth of ring gear (12) look like

the marks in lllustration D, do the procedure that follows:

a. Remove some of shims (5).
b. Loosen bolts (16) to the torque indicated in Step 7
c. Do Steps 15 through 19 again.
NOTE: Always make sure the backlash adjustment is
correct before an adjustment is made to the area of tooth
contact Several adjustments to the backlash and tooth
contact may be necessary to get the correct adjustments.

22. After adjustments are made, remove the paint from the
gears.

23 Install locks and bolts on caps (1) and (14).
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DIFFERENTIAL LOCK

(1) Torque for two bolts ............ 32t51bft (43 £7 N-m)
(2) Torque for four bolts ............ 75+ 10 Ib ft (100 £14 N m)
(3) Torque for two bolts ............ 32 -51b. ft (437 N-m)
Do not bend lock wire over top of bolts
(4) Torque for ten bolts .............. 3251b ft (43 £ 7 N-m)
Bend locks against sides of heads of bolts (4) Not around
corners.
(5) 8D2583 Springs (twelve).
Length under test force ............. 241in (37 2 mm)
Testforce ....oooovvvvvvvevvivieinninnnnns 7.75+391b. (344.7+17.4 N)
Free length after test ................. 2.96 in (75.1 mm)
Outside diameter .........cccceevveeeeee. 927 in. (23.6 mm)

83792 MY

FINAL DRIVE

NOTE: Rubber toric seals (1) and all surfaces in contact with
them must be clean and dry at assembly. Put a thin layer of oil
on the surfaces of the metal seals that are in contact just before
installation. Put lubricant on all other seals at assembly.
(2) Torque for the bolts that hold the carrier
to the wheel ................. 195+ 18 Ib. ft. (265 + 25 N m)
(3) Torque for the bolts that hold the brake disc
to the wheel .................. 165+ 20 1b. ft. (224 + 27 Nm)
(5) Torque for bolts that hold the rim
to the wheel .................. 365+ 50 Ib. ft. (496 £ 68 N m)
Adjustment Procedure for Wheel Bearings:
1. Tighten nut (4), while the wheel is turned slowly, until
torque needed to turn wheelis 160 + 50 Ibin. (18 £6 N m)
Procedure to Check Wheel Bearing Adjustment:
1. Install a torque wrench 6n nut (5), to check torque needed
to turn wheel.
a. Ifan8in. (203 mm) long Ib. in. (N m) 9S7354 Torque
Wrench is used.
Torque read must be ....75+251b. in. (9. 3N m)
b. If a7in. (178 mm) long Ib in. (N-m) 9S6331 Torque
Wrench is used.
Torque read mustbe .... 70+ 22 Ib. in. (83 N m)
c. Use this formula to get the correct torque reading for
other Ib. in. (N m) torque wrenches.

C=ADN
AB

"C" is the reading on the torque wrench.

"A" is the length of the torque wrench.

"B" is the distance from the center of the wheel to nut (5).

"T" is the torque on bearings. [T =160t50 Ib. in. (18-6 N m)].

R

60412X6

NOTE: Torque wrench must be installed on nut (5) so it is in line with the

center of the wheel.

2.1f torque read at nut (5) is not correct, make adjustments at nut (4).
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BRAKE AND AXLE GROUP

(1) Torque for plug 45+51b. ft. (61+7 Nm)

(2), (4) Torque for bolts 225+ 251b. ft. (306 £ 34 N m)
(3) Torque for plug . 35+51Ib. ft. (48 7N m)

(5) Torque for bolts 195+ 20 Ib. ft. (265 + 27 N m)

AROLTX T

WHEEL AND BRAKE GROUP (SCRAPER)

Adjustment Procedure for Wheel Bearings:

1. Fasten a rope to the studs for nuts (2) with at least two full wraps around
the outside circumference.

2. Fasten a spring scale to the free end of the rope

3. While the wheel is turned, tighten nut (4) until a pull of 5 Ibs. (2.3 kg)

is the indication on the scale.

4. Install the lock, and outer nut (5).

5. While cover (8) is removed, hit the end of shaft (10) with a hammer until
bolts (6) cannot be tightened to more than 200 to 220 Ib. ft. (272 to 299 N
m)

6. Install shims (9) to have dimension (A) of .125 in. (3.17 mm) minimum

between plate (7) and end of shaft (10).

1-51/(1-52 Blank)
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SPECIFICATIONS
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HYDRAULIC PUMP
(3G7640)

Rotation is counterclockwise when seen from drive end
Type of pump: Vane

For test, use SAE 10W oil at 150'F (65°C).

LARGE SECTION OF PUMP (Drive end) (Steering)
Test at Full Speed:

(©]7]10]0 | A 23.0 U.S. gpm (87.1 litre/min)
at a pressure of ...... 100 psi (7 0 kg/cm ) (690 kPa)
with pump at........... 2000 rpm
with engine at ........ 2000 rpm

(©]7]10]0 | S 20.4 U.S. gpm (77.2 I|tre/m|n)
at a pressure of ..... 1000 psi (70 0 kg/cm ) (6900 kPa)
with pump at .......... 2000 rpm
with engine at ........ 2000 rpm

Test at Half Speed

Output ... 11.3 U S gpm (42 8 litre/min)
at a pressure of ..... 100 psi (7 0 kg/cm2) (690 kPa)
with pump at ......... 1000 rpm
with engine at ........ 1000 rpm

Output ... 10.0U S gpm (37.9 Iltre/mm)
at a pressure of ..... 1000 psi (70.0 kg/cm?) (6900 kPa)
with pump at .......... 1000 rpm
with engine at ....... 1000 rpm

SMALL SECTION OF PUMP (Cover end) (Implement)
Test at Full Speed.

Output ... 237 U S gpm (89.7 litre/mn)
at a pressure of ...... 100 psi (7 0 kg/cm2) (690 kPa)
with pump at........... 2000 rpm
with engine at ....... 2000 rpm

Output ... 23.0U.S. gpm (87 1 litre/min)
at a pressure of . .. 1000 psi (70 0 kg/cm?) (6900 kPa)
with pump at .......... 2000 rpm
with engine at ....... 2000 rpm

Test at Half Speed.

(©]7]10]0 | S 11.7U S. gpm (44 3 litre/min)
at a pressure of ..... 100 psi (7.0 kg/cm ) (690 kPa)
with pump at .......... 1000 rpm
with engine at ........ 1000 rpm

(©]7]10]0 | S 10.8 U S. gpm (40 9 litre/min)
at a pressure of ..... 1000 psi (70 0 kg/cm2) (6900 kPa)
with pump at .......... 1000 rpm
with engine at ........ 1000 rpm

(1) Torque for four bolts .....45+ 5 Ib.ft. (61+7 Nm)
(2) Torque for four bolts ..... 70x5Ib.ft. (95+7 N m)

[4// {/“ “////”/'ﬂ'/:/:////

/ﬂ:\ ‘P
’ l- gIl

\
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STEERING CONTROL VALVE
(1 U327)

Pressure setting of relief valve with engine at high
idle.......... 2000 * 25 psi (140.6 + 1.8 kg/cm2) (13 800 + 172 kPa)

Pressure to each steering cylinder with valve In NEUTRAL
position ..40 + 10 psi (2.8 + 0.7 kg/cm?) (276 + 69 kPa)

Permissible difference in pressures (between steering cylinders) with
valve in

NEUTRAL position ........ 10 ps ( 7 kg/cm?) (69 kPa)

(1) Torque for plug (orifice). 120 -241b, in. (13.6-27 Nm)

(2) 236088 Spring (outer) for flow control valve’
Length under test force .... 1.53 in (38.9 mm)

Testforce ......ccccccvvvvnnnnnns 221111b(98.3+49N)
Free length after test ....... 2.34in. (59.4 mm)
Outside diameter ............. .812in. (20.62 mm)

(3) 4J7490 Spring (inner) for flow control valve:
Length under test force ...1.63 in (41.4 mm)

Testforce ......ocoeeveeeeeennnn. 13.3.7Ib(59.2+£3 1N)
Free length after test ....... 2.00 in (50.8 mm)
Outside diameter ............. 60 in (15.2 mm)

(4) 4F7115 Spring for pilot valve:
Length under test force ...1.43in (36.3 mm)

Testforce ......cceeveveeennnn. 67.6+£3.41b (3007 + 15.1N)
Free length after test ....... 1.74 in (44.2 mm)
Outside diameter ............. 49 in (12.4 mm)
(5) 3H2549 Shims:
Thickness of one shim ...... 010 in (25 mm)
One shim changes
Pressure .......ccocceeevrnnuennnn 40 psi (2 8 kg/cmz) (276 kPa)

(6) 7F9802 Spring (inner) for valve spool:
Length under test force ...1.88 in. (47.8 mm)

Testforce ........ccoeereenne. 23.9191b. (106 3-85N)
Free length after test ....... 331n. (841 mm)
Outside diameter ............. 1.25in (31.8 mm)

(7) 7H832 Spring (outer) for valve spool.
Length under test force ...1 53 in. (38 9 mm)

Testforce ........ccoeereeenne. 403 Ib (177.9133 N)
Free length after test ....... 2.20in. (559 mm)
Outside diameter ............. 1.67 in. (42 4 mm)

(8) Thickness of 5J4776 Shim 005 in ( 13 mm)
Thickness of 438224 Shim .010 in (25 mm)

S5t

~>
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OIL FILTER
(8J4423) 1 ;ﬁ_L 2
N\ < /
N
(1) Torque for bolt ................. 60+£5bft. (827 Nm) )
f T —
(2) 632236 Spring: f EQ
Length under test force ... 1.38 in. (35.1 mm) . :
Testforce ........ccceevneenne 124.6 + 7.4 1b (554.2 £ 32 9 N) q
Free length after test ....... 3.44 in. (87.4 mm) :
Outside diameter ............. 2.80in. (71.1 mm) b
1
(3) 532926 Spring for bypass valve: v @
Length under test force ... 2.98 in. (75.7 mm) 4 ‘g % -
Testforce........ceeeeveeeennnn. 60.6 £4 3 1b. (269.6 £ 19.1 N) { o ™S
Free length after test ...... 5.40 in. (137.2 mm) f :'\
Outside diameter ............ 2.29in (58.2 mm) 71403X2 3
STEERING CYLINDERS | 2
(1) Torque for nut with lubricant on A7 A A A
threads .......cccceveevvvieec e, 1200 . 120 Ib.ft. (1630 + 163 N : |
- " -0 i
(2) Borein new 3
head .......ccocoveveeeieeeeeeeenes 2.003 + 001 in. (50 880 03 mm) b
Diameter of new | H
Y I 1.9980 = 0015 in. (50.749- 0.038 Az
mm)

SB1OXT

(3) Bore in new cylinder
4.000 + .005 or - 002 in. (101 60 + 0.13 or - 0.05 mm)

HITCH GROUP

(1) Torque for nut (horizontal

9110 ISR 375t0 425 Ib.f. (510 to 580 N m)
(2) Torque for nut
(vertical pin)......ccceevvevienenennn, 700 to 900 b.ft. (950 to 1220 N m)

A40223X%
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SECTION 4
SPECIFICATIONS
AIR SYSTEM AND BRAKES
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WHEEL BRAKE ASSEMBLY

(1) Thickness of disc:
NEW ...oviiiiiiiiiiieetee e 50 in (127 mm)
Minimum permissible thickness (worn) (in area where
pad and disc make contact) ...44 in (11 2 mm)

(2) Torque for bolts with lubricant on

threads .................. 195 + 20 Ib ft (265 + 25 N-m) 4 32238X2
(3) Torque for bolts with lubricant on

threads .................. 159 to 175 Ib ft (217 to 240 N m) 5
(4) Thickness of lining assembly (including plate)

N = 88in (224 mm)

Minimum permissible

thickness (worn) ..................... 38in (9 6 mm)

(Measure the lining at both ends because it can wear
more at OnNe ........ccceeeeeeeeeeeeee e, end than the other.)

(5) (6) Clearance between pin (6) and brake disc must not
be less than 010 in (0 25 mm) If clearance is less than 010
in (0 25 mm), turn bolt (5) counterclockwise one turn, slide
pin (6) to get 010 in (O 25 mm) clearance and tighten bolt
(5) again

A37454%2

DIFFERENTIAL LOCK
CONTROL VALVE
(6D856)

Valve has a normally closed position

Maximum operating pressure ....... 150 psi (1030 kPa)

(1) 433957 Spring:

Freelength .......cccocoviinviinininnnnnnns .67 in (17 0 mm) X1212-1X2
Inside diameter ........c.cccoveveeeennnnn. 42 in (10.7 mm)
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EMERGENCY AND PARKING BRAKE

(1) Use shims as necessary to get end play of tapered roller
bearing ..........cccooe .003t0 005 in (0 08 to 0 13 mm)

(2) Torque for bolt ...................... 80x5Ibft (110 7 N m)

54703X 1

CONTROL VALVE FOR EMERGENCY
AND PARKING BRAKE
(7D2316 and 7J9568)

(1) valve
Opens at ......ccceevvevvveeevieeeeeeenennnn, 40 + 5 psi (280 £ 35 kPa)
Closes at ....ccoovvveveviveveviiieieeenee, 55 + 5 psi (380 + 35 kPa)

T7725X1

RELIEF VALVE

Pressure (bench test) at which relief
valve OpeNns .........eevvvevveeeeeeeenennnn. 150 psi (1030 kPa)

Il

ooy

T88834-A
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EMERGENCY CONTROL VALVE

(6D1039)
Inlet opening pressure ............... 45 psi (310 kPa)
Exhaust opening pressure ......... 60 psi (415 kPa)

Il

xXgasxz

AIR COMPRESSOR GOVERNOR

Governor settings:
Cut-in pressure 100 to 105 psi (690 to 725 kPa)

Cutout pressure 125 + 5 psi (860 + 35 kPa)
(1) Pressure change (when screw is turned
one revolution) 20 psi (140 kPa)

ABGIZO5X 1

RELIEF VALVE
(2G 1034)

On side of air dryer housing

pressure needed to open valve . 175 + 8 psi (1200 £ 55 kPa)

[T
L =

AB8577X1
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SECTION 5
SPECIFICATIONS
MISCELLANEOUS
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GENERAL TIGHTENING TORQUE FOR
BOLTS, NUTS AND TAPERLOCK STUDS
The following charts give the standard torque values for bolts, nuts
and taperlock studs of SAE Grade 5 or better quality. Exceptions are
given in other sections of the Service Manual where needed.
THREAD DIAMETER STANDARD TORQUE
inches millimeters ~ Ib. f1. N-m+
Standard thread .
Use these torques for bolts and nuts with stan-
-((((('({((’((«[‘ dard threads (conversions are approximate).
1/4 6.35 913 12+ 4
5/16 7.94 185 25+7
3/8 9.53 3215 45+ 7
7/16 11n 50+ 10 70+ 15
1/2 12.70 7510 100 £ 15
9/16 14.29 ' 110 £ 15 150 + 20
5/8 15.88 150 £ 20 200 + 25
3/4 19.05 265 £ 35 360 + 50
7/8 22.23 420 + 60 570 + 80
1 25.40 640 + 80 875 + 100
11/8 28.58 800 + 100 1100 + 150
11/4 31.75 1000 + 120 1350 + 175
13/8 34.93 1200 + 150 1600 + 200
1172 38.10 1500 + 200 2000 + 275
Use these torques for bolts and nuts on
hydraulic valve bodies.
5/16 7.94 1312 203
3/8 953 2412 3B3
7/16 11.11 39+2 503
1/2 12.70 6013 80+4
5/8 . 15.88 118 4 160+ 6
Taperiock stud
\-“H“““““m‘“ Use these torques for studs with Taperlock threads.
174 6.35 5%2 7+3
5/16 7.94 103 155
3/8 953 20%3 30t5
716 11.11 30 5 40+ 10
12 12.70 40 %5 56 + 10
9/16 14.29 60 £ 10 80+ 15
5/8 15.88 7510 100+ 15
3/4 19.05 110 £15 150 + 20
7/8 22.23 170 £ 20 230 + 30
1 25.40 260 £ 30 350 + 40
11/8 2858 320 £ 30 400 + 40
11/4 31.75 400 * 40 550 + 50
13/8 34.93 480 £ 40 650 + 50
11/2 38.10 550 50 750 £ 70

*1 newton meter (N-m) is approximately the same as 0.1 mkg.
1-62
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LINES, PLUGS AND FITTINGS

HYDRAULIC LINE INSTALLATION

1. For a metal tube to hose installation,
finger tight.

2. Tighten the bolts at the rigid end.

3. Install the hose and tighten all bolts finger tight.

install the tube and tighten all bolts

]

3

A

4. Put the hose in a position so that it does not make contact with the

machine or another hose.
5. Tighten the bolts on both connections.

6. Start the engine.

7. Move the implement control levers to all positions.

8. Look at the hose during movement of the implement.
Make sure hose is not in contact with the machine or
other hoses.

9. Shut off the engine.

10. If necessary, put the hose in a new position where it
will not make contact when the implement is moved.

ASSEMBLY OF FITTINGS WITH
STRAIGHT THREADS AND O-RING SEALS

This type of fitting is used in many applications.
The tube end of the fitting will be different in design so
that it can be used in many different applications.

However, the installation procedure of the fitting is the

same. If the tube end of the fitting body is the same as
in the illustration (either an elbow or a straight body) it will
be necessary to assemble the sleeve on the tube before

connecting the tube to the end.

1-63
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ELBOW BODY ASSEMBLY

1. End of fitting body (connects to tube). 2. Fitting
body. 3. Locknut. 4. Backup washer. 5. O-ring
seal. 6. End of fitting that goes into other part.

1. Put locknut (3), backup washer (4) and O-ring seal
(5) as far back on fitting body (2) as possible. Hold these
components in this position. Turn the fitting into the part
it is used on, until backup washer (4) just makes contact
.with the face of the part it is used on.

2. To put the fitting assembly in its correct position turn
the fitting body (2) out (counterclockwise) a maximum of
359°. Tighten locknut (3) finger tight.

NOTE: If the fitting is a connector (straight fitting) the hex
on the body takes the place of the locknut. To install this
type fitting tighten the hex against the face of the part it
goes into.

TORQUES FOR FLARED
AND O-RING FITTINGS

The torques shown in the chart that follows are to be
used on the nut part of 37° Flared, 45° Flared and
Inverted Flared fittings (when used with steel tubing), O-
ring plugs, O-ring fittings and swivel nuts when used in
applications to 3000 psi (20700 kPa).

A29919X2
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INVERTED o . O-RING
45° FLARED 37° FLARED 45° FLARED FITTING - PLUG SWIVEL NUTS
= .} — A Srp ey RS G — pp—— —
TUBE [ mm| 3.18) 4.78| 6.35| 7.92| 952 TUBE |mm|12.70{15.88]| 19.05 | 22.22 | 2540| 31.75 38.10| 50.80
SIZE SIZE
{0.0) n. | 25| .188| 280! 312 375 f0DJ | in.| s500| 625 .750| 875 1.000| 1.250| 1.500{ 2.000
THREAD 9/16 THREAD 13/16
SIZE (i) 5116 3/8| 716 12| “o.g SIZE (n) 34| 7811116 | ), |15/16 15/8 17/8) 2172
TORQUE 5 9 16 18 21 TORQUE 40 55 75 90| 110 135 160 310
N-m +1 +1 +2 +2 +2 N-m +7 +7 +7 +7 +7 15 *15 30
[ Toraue | 45| 80| 145| 155 190| TORQUE N N . . N
bin t10l t10] 201 *20! *20 b fr. 30%5]40*5[ 55 *5 [ 65 +5 | BO 5100110 {120 10| 230 +20

TORQUES FOR OTHER FITTINGS

Ermeto Tube Fittings

Put nut and sleeve over the tube with head or shoulder end of - ~a
sleeve next to nut. Push tube into counterbore of fitting body as far as
possible. Turn nut clockwise until sleeve holds tube and prevents
movement. Tighten the nut |’ turns more to seat sleeve and give a
locking action. When necessary to assemble again, put sleeve over
tube and tighten nut until a sudden increase in torque is felt. Then
tighten 1/6 to 1/3 turn more to seat the sleeve.

Flex Fittings

Put nut and sleeve’ over tubing and push tube into counterbore of
fitting body as far as possible. Tighten the nut until it is against the hex
part of the fitting body.

Hi Duty (shear sleeve)
Tube Fittings

After tube has been put through the nut and makes contact against

the tube shoulder in the fitting body, turn the nut with a wrench until a "_‘I I
small decrease in torque is felt. This is an indication that the sleeve
has been broken off of the nut. Hold the tube to prevent turning and . u k“‘_* ===

tighten the nut | and 1/2 turns.

Hi Seal Fittings

Put nut and sleeve over the tubing with the short heavy end of the
sleeve facing the end of tubing. Put the tube end against the |
counterbore in the body of the fitting and tighten until nut is over the last ]
thread on the body. The remainder of space is used whenever the J—H:L—""L
fitting is removed and installed again.
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CHAPTER 2
SYSTEMS OPERATION, TESTING, AND
ADJUSTING (TRACTOR)
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SECTION 1
SYSTEMS OPERATION, TESTING,
AND ADJUSTING
3208 VEHICULAR ENGINE
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INTRODUCTION

Correct operation, maintenance, test and repair procedures will give this product a long service life.
Before starting a test, repair or rebuild job, the serviceman must read the respective sections of the
Maintenance Manual, and know all the components he will work on.

Your safety, and the safety of others, is at all times very important. When you see this symbol @ or

this symbol A\ in the manual, you must know that caution is needed for the procedure next to it. The
symbols are warnings. To work safely, you must understand the job you do. Read all instructions to
know what is safe and what is not safe.

It is very important to know the weight of parts. Do not lift heavy parts by hand. Use a hoist. Make sure
heavy parts have a good stability on the ground. A sudden fall can cause an accident. When lifting part of
a machine, make sure the machine has blocks at front and rear. Never let the machine hang on a hoist,
put blocks or stands under the weight.

When using a hoist, follow the recommendation in the manual. Use correct lift tools as shown in
illustrations to get the correct balance of the component you lift. This makes your work safer at all times.
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Fuel System

The sleeve metering fuel system is a pressure type
fuel system. The name for the fuel system is from the
method used to control the amount of fuel sent to the
cylinders. This fuel system has an Injection pump for
each cylinder of the engine. It also has a fuel transfer
pump on the front of the injection pump housing. The
governor is on the rear of the injection pump housing.

The drive gear for the fuel transfer pump is on the
front of the camshatft for the injection pumps. The carrier
for the governor weights is bolted to the rear of the
camshaft for the injection pumps. The injection pump
housing has a bearing at each end to support the
camshaft. The camshaft for the sleeve metering fuel
system is driven by the timing gears at the front of the
engine.

The injection pumps, lifters and rollers, and the
camshaft are all inside of the pump housing. The pump
housing and the governor housing are full of fuel at
transfer pump pressure (fuel system pressure).

CAUTION
Diesel fuel is the only lubrication for the
moving parts in the transfer pump, injection
pump housing, and the governor. The
injection pump housing must be full of fuel
before turning the camshaft.

This fuel system has governor weights, a thrust
collar and two governor springs. One governor spring is
for high idle and the other governor spring is for low idle.
Rotation of the shaft for governor control, compression
of the governor springs, movement of connecting linkage
in the governor and injection pump housing controls the
amount of fuel sent to the engine cylinders.

Fuel from fuel tank (7) is pulled by fuel transfer pump
(11) through water separator (F) and fuel filter (9). From
fuel filter (9) the fuel goes to housing for fuel injection
pumps (14). The fuel goes in housing (14) at the top and
goes through inside passage (20) to fuel transfer pump
(11).

A374BZXT 9 10

SCHEMATIC OF FUEL SYSTEM

1. Fuel priming pump (closed position). 2. Fuel priming pump (open position). 3. Return line for constant bleed
valve. 4. Constant bleed valve. 5. Manual bleed valve. 6. Fuel injection nozzle. 7. Fuel tank. 8. Fuel inlet line.
9. Fuel filter. 10. Bypass valve for fuel priming pump. 11. Fuel transfer pump. 12. Fuel bypass valve. 13.
Camshaft. 14. Housing for fuel injection pumps. A. Check valve. B. Check valve. C. Check valve. D. Check

valve. F. Water Separator.
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CROSS SECTION OF FUEL SYSTEM WITH DASHPOT GOVERNOR
11. Fuel transfer pump.13. Camshaftl4. Housing for fuel Injection pumps.15. Lever.16. Governor housing 17.
Load stop pin 18. Cover.19. Sleeve control shafts (two)
transfer pump22. Lever on governor shaft.23. Piston for dashpot governor 24. Spring for dashpot governor

25. Governor springs (inner spring Is for low idle. Outer spring Is for high idle).26. Spring seat

20. Inside fuel passage.21 Drive gear for fuel

27.

Over fueling spring.28. Thrust collar29. Load stop lever.30. Carrier and governor weights. 31 Sleeve levers. E.

Orifice for dashpot.

From fuel transfer pump (I 1), fuel under pressure,
fills the housing for the fuel injection pumps (14).
Pressure of the fuel in housing (14) is controlled by
bypass valve (12). Pressure of the fuel at FULL LOAD is
30 "5 psi (205 + 35 kPa). If the pressure of the fuel in
housing (14) gets too high, bypass valve (12) will move
(open) to let some of the fuel return to the inlet of fuel
transfer pump (11).

Lever (15) for the governor is connected by linkage
and governor springs (25) to the sleeve control shafts
(19). Any movement of lever (22) will cause a change in
the position of sleeve control shafts (19).

When lever (15) is moved to give more fuel to the
engine, lever (22) will put governor springs (25)

in compression and move thrust collar ('28) forward. As
thrust collar (28) moves forward, the connecting linkage
will cause sleeve control shafts t19) to turn. With this
movement of the sleeve control shafts, levers (31) will
lift sleeves (32) to make an increase in the amount of
fuel sent to the engine cylinders.

When starting the engine, the force of over fueling
spring (27) is enough to push thrust collar (28) to the full
fuel position. This lets the engine have the maximum
amount of fuel for injection when starting. At
approximately 400 rpm, governor weights (30) make
enough force to push spring (27) together. Thrust collar
(28) and spring seat (26) come into contact. From this
time on, the governor works to control the speed of the
engine.
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GOVERNOR PARTS

23. Piston for dashpot governor.
dashpot governor. 26. Spring seat.
fueling spring. 28. Thrust collar.

24. Spring for
27. Over

When governor springs (25i are put in compression,
the spring seat at the front of the governor springs will
make contact with load stop lever (2). Rotation of the
load stop lever moves load stop pin (17) up until the load
stop pin comes in contact with the stop bar or stop
screw. This stops the movement of thrust collar (28),
the connecting levers, and sleeve control shafts (19). At
this position, the maximum amount of fuel per stroke is
being injected by each injection pump.

The carrier for governor weights (30) is held on the
rear of camshaft (13) by bolts. Engine rpm goes up,
injection pump camshaft (13) turns faster. Any change
of camshaft rpm will change the rpm and position of
governor weights (30). Any change of governor weight
position will cause thrust collar (28) to move. As
governor weights (30) turn faster, thrust collar (28) is
pushed toward governor springs (25). When the force of
governor springs (25) is balanced by the centrifugal force
of the governor weights, sleeves (32) of the injection
pumps are held at a specific position to send a
specific amount of fuel to the engine cylinders. When
the governor control lever is turned toward the FUEL-
OFF position with the engine running, there is a
reduction of force on governor springs ('5). The
movement of the linkage in the governor will cause fuel
control shafts (19) to move sleeves (321 down, anti less
fuel will be injected in the engine cylinders. To stop the
engine, turn the ignition switch to the "OFF" position.
This will cause the slut-off solenoid to move linkage in
the fuel pump housing. Movement of the linkage will
cause sleeve levers (3 1) to move sleeves (32) down,
and no fuel is sent to the engine cylinders. With no fuel
going to the engine cylinders, the engine will stop.

2-9
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FUEL SYSTEM COMPONENTS

14. Housing for fuel injection pumps. 19. Sleeve
control shafts. 31. Sleeve levers. 32. Sleeves.

FLOW OF FUEL USING THE PRIMING PUMP

When the handle of priming pump (2) is pulled out,
negative air pressure in priming pump (2) opens check
valve (A) and pulls fuel from fuel tank (7). Pushing the
handle in closes check valve (A) and opens check valve
(B). This pushes air and/or fuel into housing (14)
through the fuel passages and check valve (C). More
operation of priming pump (2) will pull fuel from fuel tank
(7) until the fuel lines, fuel filter (9) and housing (14) are
full of fuel. Do this until the flow of fuel from manual
bleed valve (5) is free of air bubbles. Relief valve (10)
will open and let the fuel go to the inlet for fuel priming
pump (2) if the pressure gets higher than 20

psi (140 kPa) when using priming pump (2).

CONSTANT BLEED VALVE

A12945X1

CONSTANT BLEED VALVE
4. CONSTANT BLEED VALVE. D. Check valve



Constant bleed valve (4) lets approximately 9 gallons of
fuel per hour go back to fuel tank (7). This fuel goes
back to fuel tank (7) through return line for constant
bleed valve (3). This flow of fuel removes air from
housing (14) and also helps to cool the fuel injection
pump. Check valve (D) makes a restriction in this flow of
fuel until the pressure in housing (14) is 8 + 3 psi (55 +
20 kPa).

OPERATION OF FUEL INJECTION PUMPS

The main components of a fuel injection pump in the
sleeve metering fuel system are barrel (A), plunger (B),
and sleeve (D). Plunger (B) moves up and down inside
the barrel (A) and sleeve (D). Barrel (A) is stationary
while sleeve (D) is moved up and down on plunger (B) to
make a change in the amount of fuel for injection. When
the engine is running, fuel under pressure from the fuel
transfer pump goes in the center of plunger (B) through
fuel inlet (C) during the down stroke of plunger (B). Fuel
can not go through fuel outlet (E) at this time because it
is stopped by sleeve (D), (see position 1). Fuel injection
starts (see position 2) when plunger (B) is lifted up in
barrel (A) enough to close fuel inlet (C). There is an
increase in fuel pressure above plunger (B), when the
plunger is lifted by camshaft (4). The fuel above plunger
(B) is injected in to the engine cylinder.

74266- 2X1 4

FUEL INJECTION SEQUENCE

1, 2, 3. Injection stroke (positions) of a fuel
injection pump. 4. Injection pump camshaft. A.
Barrel. B. Plunger. C. Fuel inlet. D. Sleeve. E.
Fuel outlet. F. Lifter.

2-10

TM 5-3805-260-24

Injection will stop (see position 3) when fuel outlet (E) is
lifted above the top edge of sleeve (D) by camshaft (4).
This movement lets the fuel that is above, and In,
plunger (B) go through fuel outlet (E) and return to the
fuel injection pump housing.

When the sleeve (D) is raised on plunger (B), fuel outlet
(E) is covered for a longer time, causing more fuel to be
injected in the engine cylinders. If sleeve (D) is low on
plunger (B), fuel outlet (F.) is covered for a shorter time,
causing less fuel to be injected.

OPERATION OF FUEL INJECTION NOZZLE

The fuel inlet (6) and nozzle tip (13)re parts of the nozzle
body, (11). Valve (8) is held in position by spring force
Force of the spring is controlled by pressure
adjustment screw (3). Locknut (4-) holds pressure
adjustment screw (3) in position. The lift of value (8) is
controlled 1b lift adjustment screw (2).Locknut (10)
holds lift adjustment screw (2) in position. Compression
seal (7) goes on nozzle body (11). The compression
seal goes against inlet fitting (6) and prevents the
leakage of compression from the cylinder. Carbon dam
(12), at the lower end of nozzle body (11), prevents the
deposit of carbon in the bore in the cylinder head.

i 23 4 5 b 7 8 9

ks
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FUEL INJECTION NOZZLE
1. Cap. 2. Lift adjustment screw. 3. Pressure
adjustment screw. 4, Locknut for pressure
adjustment screw. 5. O-ring seal. 6. Fuel inlet. 7.
Compression seal. 8. Valve. 9. Orifices (four). 10.
Locknut for lift adjustment screw. 11. Nozzle body.
12. Carbon dam. 13. Nozzle tip.

Fuel, under high pressure from the fuel injection pump
goes through the hole in fuel inlet (6). Tile fuel then goes
around valve (8), fills the inside of nozzle body (11) and
pushes against the valve guide. When the force made
by the pressure of the fuel is more than the force of the
spring, valve (8) will lift. When valve (8) lifts, fuel under
light pressure will go through the four .0128 in. (0.325
mm) orifices (9) into the cylinder. When the fuel is sent



to the cylinder, the force made by the pressure of the
fuel in the nozzle body will become less. The force of the
spring will then be more than the force of the pressure of
the fuel in the nozzle body. Valve (8) will move to the
closed position.

Valve (8) is a close fit with the inside of nozzle tip
(13), this makes a positive seal for the valve.

When the fuel is sent to the cylinder, a very small
quantity of fuel will leak by the valve guide. This fuel
gives lubrication to the moving parts of the fuel injection
nozzle.

FUNCTION OF FUEL JUNCTION
BLOCK

The location of the fuel junction block (4) is at the right

rear of the engine. The fuel lines from the fuel tank and
the engine connect at fuel junction block (4).

N \ N WW;MNM
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CONNECTIONS FOR FUEL LINES AT THE
FUEL JUNCTION BLOCK
1. Connection for constant bleed line to housing for

fuel injection pumps. 2. Connection for constant
bleed line to fuel tank. 3. Connection for fuel supply
line to fuel filter. 4. Fuel junction block. 5.
Connection for fuel supply line to fuel tank.

WATER SEPARATOR

The water separator is installed between the fuel
tank and the rest of the fuel system. For efficiency in the
action of the water separator the fuel flow must come
directly from the fuel tank and through the water
separator. This is because the action of going through a
pump or valves before the water separator lowers the
efficiency of the water separator.

The water separator can remove 95% of the
water in a fuel flow of up to 33 gph (125 liter/hr) if the
concentration of the water in the fuel is 10% or less. Itis
important to check the water level in the water separator
frequently. The maximum amount of water which the
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water separator can hold is 0.8 pt. (0.4 liter). At this
point the water fills the glass to 3/4 full. Do not let the
water separator have this much water before draining the
water. After the water level is at 3/4 full, the water
separator loses its efficiency and the water in the fuel
can go through the separator and cause damage to the
fuel injection pump.

Drain the water from the water separator every day or
when the water level gets to 1/ full. This gives the
system protection from water in the fuel. If the fuel has a
high concentration of water, or if the flow rate of fuel
through the water separator is high, the water separator
fills with water faster and must be drained more often.

To drain the water separator, open drain valve (2) in the
drain line and vent valve (1) at the top of the water
separator. Let the water drain until it is all out of the
water separator. Close both valves.

WATER SEPARATOR

1 Vent Valve 2. Drain Valve
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AIR INLET AND EXHAUST SYSTEM
1. Airinlet pipe. 2. Pipe plug. 3. Mounting flange for the air cleaner. 4. Fitting. 5. Positive crankcase ventilator
valve. 6. Inlet manifolds. 7. Valve cover. 8. Exhaust manifolds.

The air inlet system is on the top side of the engine.
The air cleaner goes on air inlet pipe (1). The air inlet
pipe sends air to both cylinder heads.

The air inlet pipe can not be turned end for end
because the mounting flange for the air cleaner (3) has a
small angle toward the front of the engine. The air inlet
manifolds (6) are made as a part of the cylinder heads.
The air inlet openings and the design of the combustion
chamber give the air needed for complete combustion.

The exhaust system is on each side of the engine.

The exhaust manifolds (8) are along the
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outside of the cylinder heads. The exhaust manifold for
the right side of the engine will not go on the left side of
the engine. The exhaust manifold for the left side of the
engine will not go on the right side of the engine.

A positive crankcase ventilator valve (5) goes on
valve cover (7). Valve (5) will return crankcase fumes to
the engine through air inlet pipe (1).

Valve cover (7) can also be put on the other cylinder
head. When valve cover (7) is put on the other cylinder
head, fitting (4) must be exchanged with pipe plug (2) in
the air inlet pipe (2).
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CYLINDER HEAD AND VALVES

T95546-2X1 6

1. Pushrod.2. Cam follower.3. Guide support.4. Rocker arm shaft. 5. Rocker arm.6. Exhaust valve. 7.
Valve seat insert. 8. Intake valve. 9. Valve spring.

The valves and valve system components
control the flow of inlet air and exhaust gases into and
out of the cylinder during engine operation.

The intake and exhaust valves are opened and
closed by movement of these components; crank-shaft,
camshaft, cam followers, push rods, rocker arms, and
valve springs. Rotation of the crankshaft causes rotation
of the camshaft. The camshaft gear is driven by, and
timed to, a gear on the front of the crankshaft. When the
camshaft turns, the cams on the camshaft also turn and
cause the cam followers to go up and down. This
movement makes the push rods move the rocker arms.
The movement of the rocker arms will make the intake

and exhaust valves in the cylinder head open and close
according to the firing order (injection sequence) of the
engine. One valve spring for each valve helps to hold
the valves in the closed position.

There is one intake and one exhaust valve for
each cylinder. The valve seat insert for the exhaust
valve can have replacement. The valve seat for the
intake valve is machined in and is a part of the cylinder
head. When the seat for the intake valve has been
machined to the limits given in the SPECIFICATIONS, it
can be bored (machined) for a valve seat insert. The
valve guide bore is machined in and is a part of the
cylinder head.
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LUBRICATION SYSTEM

A90269-3X1

SCHEMATIC OF LUBRICATION SYSTEM
1. Vacuum pump or air compressor. 2. Cylinder head. 3. Front cover for the engine. 4. Oil manifold. 5.
Base for the oil cooler. 6. Oil pump bypass valve. 7. Oil cooler. 8. Oil pump. 9. Cover for oil pump. 10.
Suction bell for oil pump. 11. Oil cooler bypass valve. 12. Oil filter bypass valve. 13. Qil filters.

The lubrication system uses a six lobe, rotor type
oil pump (8). Bolts hold the cover for the oil pump (9) on
the front cover for the engine (3). The gear on the
crankshaft drives the outer rotor. The outer rotor has
rotation in a bearing in the front cover for the engine.
The inner rotor goes on a short shaft in the front cover
for the engine. The inner rotor is driven by the outer
rotor.

Oil pump bypass valve (6), in the cover for the oil pump
(9), controls the pressure of the oil coming from oil pump
(8). The pump can put more oil into the system than
needed. When the pressure of the oil going into the
engine is more than 75 to 85 psi (520 to 590 kPa), the
bypass valve (6) will open. This permits the oil that is not
needed to bypass the system.



Oil from the oil pan is pulled through the suction
bell for the oil pump (10) by oil pump (8). The oil is sent
by the pump to an oil passage in the front cover for the
engine (3). Oil from this passage goes to the cylinder
block and on to base for the oil cooler (5). The base for
the oil cooler is on the left side of the engine, near the
front of the engine. Bypass salve (I ), in the base for the
oil cooler, will let the oil go around the oil cooler (7) when
the oil is cold or if the restriction in the oil cooler is more
than the other parts of the system. A difference in
pressure of 12 to 15 psi (85 to 105 kPa) between the oil
inlet and the oil outlet will open the bypass valve.

QOil from the oil cooler goes to the oil filters.
Bypass valve (12), in the base for the oil cooler will let oil
go around oil filters (13) if there is a restriction in the oil
filters.

There are two pressure outlets in the base for
the oil cooler. The pressure outlets are on the outlet side
of the oil cooler and oil filters. The pressure outlets are
for the sending unit and switch for the oil pressure.

Oil from the oil filters (13) goes through a
passage in the cylinder block to oil manifold (4). The oll
manifold is in the center of the cylinder block, above the
camshaft, and goes the full length of the cylinder block.
Oil goes from the oil manifold to the bearings for the
camshaft. There are grooves in the bores in the cylinder
block around the bearings for the camshaft. The bearing
surfaces (journals) on the camshaft get lubrication from
these grooves through a hole in the bearings for the
camshaft.
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Some of the oil goes around the grooves and down
through a passage to a hole and groove in the top half of
the main bearing. Oil from the hole and groove gives
lubrication to the bearing surfaces (journals) of the
crankshaft for the main bearings.

Oil gets into the crankshaft through holes in the
bearing surfaces (journals) for the main bearings.
Passages connect the bearing surface (journal) for the
main bearing with the bearing surface (journal) for the
connecting rod. The piston pins get lubrication from oil
thrown by other parts.

QOil for the rocker arms comes from the oil mani-
fold (4) through passages in the cylinder block. The
passages in the cylinder block are in alignment with a
passage in each cylinder head. The passage to the
cylinder head on the left side is near the front of the
cylinder block. The passage to the cylinder head on the
right side is near the rear of the cylinder block.

The passage in each cylinder head sends the oil
into an oil hole in the bottom of the mounting surface of
the bracket that holds the shaft for the rocker arms. The
oil hole is in the front bracket on the left side and in the
rear bracket on the right side. The oil then goes up
through the bracket and into the center of the shaft for
the rocker arms. Oil goes along the center of the shaft to
the bearings for the rocker arms. From the rocker arms,
the oil is pushed through small holes to give lubrication to
the valves, push rods, cam followers, and cam - shaft
lobes.

After the lubrication oil has done its work, it will
return to the oil pan for the engine.

B5796X1
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SCHEMATIC OF OIL PASSAGES
IN CRANKSHAFT
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COOLING SYSTEM
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COOLING SYSTEM WITH STANDARD VERTICAL RADIATOR
1. Radiator cap. 2. Radiator top tank. 3. Radiator top hose. 4. Shuntline. 5. Housing for water
temperature regulators. 6 Coolant to housing for water temperature regulators. 7. Cylinder heads (two).
8. Vent tube. 9. Surgetank. 10. Inside bypass. 11. Radiator bottom tank. 12. Radiator bottom hose.
13. Water pump.14. Outlet line for oil cooler. 15. 011 cooler. 16. Inlet line for oil cooler. 17. Cylinder
block. A. Orifices between cylinder heads and front cover. B. Orifice in oil cooler inlet.

Water pump (13) is installed on the front face of
the front cover for the engine and is driven by V belts
from the crankshaft pulley. The inlet opening of water
pump (13) is connected to radiator bottom hose (12).
The outlet flow of coolant from water pump (13) goes
through inside passages in the front cover for the engine.

As the coolant goes from the water pump, it
divides and goes through the inside passages in the front
cover for the engine to cylinder block (17). Most of the
coolant goes through cylinder block (17) and up to
cylinder heads (7). From cylinder heads (7) the coolant
goes forward through orifices (A) to the front cover for
the engine.

Part of the coolant going to the left side (as seen
from the flywheel) of cylinder block (17) goes through
orifice (B) to inlet line (16) and on to oil cooler (15), to
cool the oil for lubrication of the engine, and back to the
front cover for the engine through outlet line (14).

From the front cover for the engine, the coolant
either goes to the inlet for water pump (13) or to the
radiator. If the coolant is cold (cool), the water tempera-
ture regulators (18) will be closed. The coolant will go
through inside bypass (10) to water pump

(13). If the coolant is warm, the water temperature
regulators (18) will be open. When the water
temperature regulators (18) are open, they make a
restriction in the inside bypass (10) and the coolant goes
through radiator top hose (3) and into radiator top tank
(2). Coolant then goes through the core of the radiator to
the radiator bottom tank (11) where it is again sent
through the cool-

AQ8BESX 1

FLOW OF COOLANT
3. Radiator top hoses. 5. Housing ( water
temperature regulators). 6. Coolant to
housing for water regulators. 10. Inside
bypass. 18. Water temperature regulators
(two). C. Flow with warm coolant. D. Flow
with cold coolant.



ing system. A small part of the coolant goes through
inside bypass (10) when temperature regulators (18) are
open.

CAUTION
the water

Never run an engine unless

temperature regulators are installed. With no
water temperature regulators in the system, the
coolant will continually bypass the radiator and
the engine will get too hot.

i q .
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LOCATION OF WATER TEMPERATURE
REGULATORS

The vertical radiator is made with a top tank (2)
above the core and a surge tank (9) above the top tank.
Vent tube (8) connects radiator top tank (2) and surge
tank (9).

Surge tank (9) has a shunt line (4) that connects
to the inlet of water pump (13). This shunt type system
keeps a positive pressure on the inlet of water pump (13)
at all times. When putting coolant in the cooling system,
coolant from surge tank (9) goes through shunt line (4) to
the inlet of water pump (13) and fills cylinder block (17)
from the bottom. By filling the system from the bottom,
any air in the system is pushed out through radiator top
tank (2), through vent tube (8) into surge tank (9).
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Radiator cap (1) is used to keep the correct
pressure in the cooling system. This pressure keeps a
constant supply of coolant to water pump (13). If this
pressure goes too high, a valve in radiator cap (1) moves
(opens) to get a reduction of pressure. When the correct
pressure is in the cooling system, the valve in radiator
cap (1) moves down (to the closed position).

A vent valve is installed in the vent hole located
in the front housing and the outlet elbow is used to let the
air out of the cylinder block and head when filling the
cooling system with coolant.

The vent valve is open when the cooling system
is being filled. When the engine is in operation, the vent
valve will close and not let the coolant go through. This
will help increase the temperature of the coolant at low
engine speeds.

AO1931X2
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LOCATION OF VENT HOLE

It is important to keep the vent hole clean and
open. If the vent hole is not open it will keep the engine
from completely filling with coolant.
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BASIC BLOCK

CYLINDER BLOCK

The cylinders are a part of the cylinder block.
There are no replaceable cylinder liners. The cylinders
can be machined (bored) up to .040 in. (1.02 mm)
oversize for reconditioning. The cylinders in the block
are at a 900 angle to each other. There are fire main
bearings in the block to support the crankshaft.

CYLINDER HEAD

There is one cylinder head for each side (bank)
of the engine. One intake and one exhaust valve is used
for each cylinder. The valve guides are a part of the
cylinder head and can not be replaced. A valve seat
insert is used for the exhaust valve and can be replaced.
When the seat for the intake valve has been machined to
the limits given in the SPECIFICATIONS, it can be bored
(machined) for a valve seat insert.

PISTONS, RINGS AND CONNECTING RODS

The pistons have two rings which are located
above the piston pin bore. There is one compression
ring and one oil control ring. The oil ring is made in one
piece and has an expansion spring behind it. The
compression ring is also one piece and goes into an iron
band that is cast into the piston.

The piston pin is held in the piston by two snap
rings which go into grooves in the piston pin bore.

The connecting rod is installed on the piston with
the boss on the connecting rod on the same side as the
crater in the piston. The connecting rod bearings are
held in location with a tab that goes into a groove in the
connecting rod.

CRANKSHAFT

The force of combustion in the cylinders is
changed to usable rotating power by the crank - shatft.
The crankshaft can have either six or eight
counterweights. A gear on the front of the crank - shaft
turns the engine camshaft gear and the engine oil pump.
The end play of the crankshaft is controlled by the thrust
bearing on No. 4 main bearing.
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VIBRATION DAMPER

The twisting of the crankshaft, due to the regular
power impacts along its length, is called twisting
(torsional) vibration. The vibration damper is installed on
the front end of the crankshaft. It is used for reduction of
torsional vibrations and stops the vibration from building
up to amounts that cause damage.

The damper is made of a flywheel ring (1)
connected to an inner hub (3) by a rubber ring (2). The
rubber makes a flexible coupling between the fly-wheel
ring and the inner hub.
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CROSS SECTION OF VIBRATION DAMPER
1. Flywheel ring. 2. Rubber ring. 3. Inner
hub.
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ELECTICAL SYSTEM

The electrical system has three separate circuits:
the charging circuit, the starting circuit and the low
amperage circuit. Some of the electrical system
components are used in more than one circuit. The
battery (batteries), circuit breaker, ammeter, cables and
wires from the battery are all common in each of the
circuits.

The charging circuit is in operation when the
engine is running. An alternator makes electricity for the
charging circuit. A voltage regulator in the circuit controls
the electrical output to keep the battery at full charge.
The starting circuit is in operation only when the start
switch is activated.

The low amperage circuit and the charging
circuit are both connected to the same side of the
ammeter. The starting circuit connects to the opposite
side of the ammeter.

SYSTEM COMPONENTS
Alternator (Prestolite) 2P1204

The alternator is driven by V type belts from the
crankshaft pulley. It is a 24 volt, 19 ampere unit with a
regulator which has no moving parts (solid state)
installed on the side opposite the pulley. The alternator
is made up of the following parts: head assembly on the
drive end, rotor assembly, stator assembly, rectifier and
heat removal assemblies, brush and holder assembly,
head assembly on the ring end, and regulator.
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The alternator has diodes which change the
alternating current (AC) made by the alternator to direct
current (DC). This direct current is used to make
magnet like lines of force in a space around the stator
assembly (field current). The field current is controlled
by the regulator.

Alternator (Delco-Remy)

The alternator is a three phase, self rectifying
charging unit. The regulator for the alternator is part of
the alternator. The alternator is driven from the
crankshaft pulley by two V type belts.

The only part in the alternator which has
movement is the rotor. The rotor is held in position by a
ball bearing at the drive end and a roller bearing at the
rectifier end.

The compartment for the regulator is sealed.
The regulator controls the alternator output according to
the needs of the battery and the other components in the
electrical system.

Starting Motor

The starting motor is used to turn the engine
flywheel fast enough to get the engine running.

STARTING MOTOR
1. Field. 2. Solenoid. 3. Clutch. 4. Pinion.
5. Commutator. 6. Brush assembly. 7.
Armature.

The starting motor has a solenoid. When the
start switch is activated, electricity from the electrical
system will cause the solenoid to move the starter pinion
to engage with the ring gear on the flywheel of the
engine. The starter pinion will engage with the ring gear
before the electric contacts in the solenoid close the
circuit between the battery and the starting motor. When
the start switch is released, the starter pinion will move
away from the ring gear of the flywheel.



Solenoid

A solenoid is a magnetic switch that uses low
current to close a high current circuit. The solenoid has
an electromagnet with a core (6) which moves.

1

SCHEMATIC OF A SOLENOID
1. Coil. 2. Switch terminal. 3. Battery
terminal. 4. Contacts. 5.Spring. 6.Core. 7.
Component terminal.

There are contacts (4) on the end of core (6).
The contacts are held in the open position by spring (5)
that pushes core (6) from the magnetic center of coil (1).
Low current will energize coil (1) and make a magnetic
field. The magnetic field pulls core (6) to the center of
coil (1) and the contacts close.

TM 5-3805-260-24
Circuit Breaker

The circuit breaker is a safety switch that opens
the battery circuit if the current in the electrical system
goes higher than the rating of the circuit breaker.

A heat activated metal disc with a contact point
completes the electric circuit through the circuit breaker.
If the current in the electrical system gets too high, it
causes the metal disc to get hot. This heat causes a
distortion of the metal disc which opens the contacts and
breaks the circuit. A circuit breaker that is open can be
reset after it cools. Push the reset button to close the
contacts and reset the circuit breaker.

T89119X1 5

CIRCUIT BREAKER SCHEMATIC
1. Reset button. 2. Disc in open position. 3.
Contacts. 4. Disc. 5. Battery circuit
terminals.



AIR COMPRESSOR
GENERAL

The function of the air compressor is to build up and
maintain the air pressure required to operate air powered
devices in air brake or air auxiliary systems.

DESCRIPTION

The Tu Flo Type 400 is a two cylinder, single stage, air
cooled, reciprocating piston type compressor. The rated
capacity of all Bendix compressors is their piston
displacement in cubic feet per minute when operating at
1250 RPM. The rated capacity of the Tu Flo 400
compressor is 7-1/4 cubic feet per minute. SEE[FIG. 1]

FIGURE 1 - TU FLO 400

Tu Flo type compressors have automatic type inlet
valves. Their unloading mechanisms are located in the
cylinder block and they have no external moving parts.

The compressor is engine lubricated. Oil under pressure
from the Diesel engine is forced through the oil passage
in the crankshaft and out around each connecting rod
journal. The turning motion of the crankshaft throws the
oil that is forced out at the journals, against the cylinder
bores and crankcase walls, lubricating the bores and
crankshaft bearings.

The wrist pins and bushings are lubricated by oil dripping
from a drip-boss on the piston into a "catch-funnel” at
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the top of the rod and through the drilled passage to the
bushings and pins.
SEHFIG. 2

| DIE CAST
PISTON

—N
- DIE CAST
CONNECTING
ROD

FIGURE 2 - PISTONS & CONNECTING RODS

A nameplate is attached to the crankcase of the
compressor. It shows the piece number, type and serial
number (Fig. 3). A nameplate with a black background
denotes a new compressor, whereas a nameplate with a
red back-ground designates that the compressor is a
factory reconditioned unit. The compressor is identified
by the piece number which is the number to use when
reference is made to a particular compressor. The type
and serial number is supplementary information.

®)

TU-FLO 501

Bendix .
Ny NS
wt
StR
MANUFACTURED BT v —

O BENDIX WESTINGHOUSE
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FIGURE 3 - TYPICAL COMPRESSOR NAMEPLATE




OPERATION
GENERAL

The compressor runs continuously while the engine is
running but actual compression of air is controlled by a
governor which stops or starts the compression of air by
loading or unloading thelcompressor in conjunction with
its unloading mechanism. This is done when the air
pressure in the system reaches the desired maximum or
minimum pressures.

TO RESERVOIR
INLET VALVE

- UNLOADER
., PLUNGER

DISCHARGE

VALVE 7 \3— ‘*i

PISTON
fas

- INTAKE
STRAINER

INTAKE

FIGURE 4
INTAKE AND COMPRESSION (Loaded)

During the down stroke of the piston, a slight vacuum
created above the piston causes the inlet valve to move
off its seat. Atmospheric air is drawn in through the
compressor intake, by the open inlet valve, and on top of
the piston (Eig__4). As the piston starts its upward
stroke, the air that was drawn in on the down stroke is
being compresses.

TO RESERVOIR

- INLET VALVE

- UNLOADER
—  PLUNGER

DISCHARGE -
VALVE

" - INTAKE
STRAINER

B p > ‘
NN 2 e
TO GOVERNOR

COMPRESS|ON

Figure 5
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Now, air pressure on top of the inlet valve plus the force
of its spring, returns the inlet valve to its seat. The piston
continues the upward stroke and compresses the air
sufficiently to overcome the discharge valve spring and
unseat the discharge valve. The compressed air then
flows by the open discharge valve, into the discharge line
and on to the reservoirs (Eig._5).

As the piston reaches the top of its stroke and starts
down, the discharge valve spring returns the discharge
valve to its seat. This prevents the compressed air in the
discharge line from returning to the cylinder bore as the
intake and compression cycle is repeated.

NON-COMPRESSION (Unloaded)

When the air pressure in the reservoir reaches the high
pressure setting of the governor, the governor opens,
allowing air to pass from the reservoir through the
governor and into the cavity beneath the unloader
pistons. This lifts the unloader pistons and plungers.
The plungers move up and hold the inlet valves off their
seats (Fig. 6).

TO RESERVOIR

TINLET VALVE

~— UNLOADER
PLUNGER

DISCHARGE —
VALVE

L

INTAKE
STRAINER

FROM GOVERNOR

i

UNLOADING

With the inlet valves held off their seats by the unloader
pistons and plungers, air is merely pumped back and
forth between the two cylinders. When air is used from
the reservoir and the pressure drops to low pressure
setting of the governor, the governor closes and in doing
so exhausts the air from beneath the unloader pistons.
The unloader saddle spring forces the saddle, pistons
and plungers down and the inlet valves return to their
seats. Compression is then resumed.
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TROUBLESHOOTING

Troubleshooting can be difficult. On the following pages there is a list of possible problems. To make a
repair to a problem, make reference to the cause and correction.

This list of problems, causes, and corrections, will only give an indication of where a possible problem can
be, and what repairs are needed. Normally, more or other repair work is needed beyond the
recommendations in the list. Remember that a problem is not normally caused only by one part, but by the
relation of one part with other parts. This list can not give all possible problems and corrections. The
serviceman must find the problem and its source, then make the necessary repairs.

TROUBLESHOOTING SYMPTOM INDEX

Problem Item Problem
Engine Will Not Start. 18. Coolant in Lubrication Oil.
Misfiring or Running Rough. 19. Too Much Black or Gray Smoke.
Stall at Low rpm. 20. Too Much White or Blue Smoke.
Sudden Changes in Engine rpm. 21. Engine Has Low Oil Pressure.
Not Enough Power. 22. Engine Uses Too Much Lubrication Oil.
Too Much Vibration. 23. Engine Coolant is Too Hot.
Loud Combustion Noise 24. Starting Motor Does Not Turn.
Loud Noise (Clicking) From Valve Com- 25. Alternator Gives No Charge.
partment. 26. Alternator Charge Rate is Low or Not Regular.
Oil in Cooling System. 27. Alternator Charge Too High.
Mechanical Noise (Knock) in Engine. 27. Alternator Charge Too High.
Fuel Consumption Too High. 28. Alternator Has Noise.
Loud Noise From Valves or Valve Drive 29. Exhaust Temperature is Too High.
Components. 30. Compressor Passes Excessive QOil
Little Movement of Rocker Arm and Too 31. Noisy Compressor Operations
Much Valve Clearance. 32. Excessive Buildup and Recovery Time
Valve Spring Lock is Free. 33. Compressor Fails to Unload
Oil at the Exhaust. 34. Compressor Leaks Oil
Little or No Valve Clearance. 35. Compressor Constantly Cycles
Engine Has Early Wear. 36. Compressor Head Gasket Failure
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Cause
Empty Fuel Tank

Bad Quality Fuel

Dirty Fuel Filter
Dirty or Broken Fuel Lines
Linkage to Sleeve Control

Shaft is Held in Shutoff
Position

Fuel Pressure is Too Low

Air In The Fuel System

Fuel System Not Timed
Constant Bleed Valve Stays

No Over Fueling Spring

TM 5-3805-260-24
1. ENGINE WILL NOT START

Correction
Put fuel in fuel tank.

Remove the fuel from the fuel tank. Install a new fuel filter element. Put a good
grade of clean fuel in the fuel tank.

Install new fuel filter.
Clean or install new fuel lines as necessary.

Check the operation of the shut-off solenoid and the shut-off

linkage. Solenoid must pull up to compress spring for fuel turn on.

Check governor linkage for free movement. Sleeves must turn freely on pump
plungers in all positions of sleeve control shaft. The thrust collar must turn freely on
the governor shaft at all positions between shut-off and full load. If linkage does not
move freely under these conditions, clean all parts thoroughly. Inspect all parts for
wear and make replacement where needed.

Replace the fuel filter. Inspect the bypass valve for free movement. Install a new
bypass valve if necessary.

Find the air leak in the fuel system and correct it. Loosen each fuel line nut at the
injection pumps and open the manual bleed valve. Loosen the bolts that hold the
torque spring or stop bar cover. This will let out any air that is in the governor
housing. After all air is out of fuel system, tighten bolts that hold torque spring or
stop bar cover. Tighten fuel line nuts according to the SPECIFICATIONS. Close
manual bleed valve.

Make adjustment to timing if necessary. Correctly to Engine
Replace constant bleed valve. Open (Not enough fuel pressure for starting)

Install an over fueling spring.

Cause

Fuel Pressure is Low

2. MISFIRING OR RUNNING ROUGH

Correction

Make sure there is enough fuel in the fuel tank. Look for leaks or bad bends in the
fuel line between fuel tank and fuel transfer pump. Look for air in the fuel system.
Check fuel pressure. The outlet pressure of the fuel transfer pump at full load
speed is 30 + 5 psi (205 + 35 kPa).

If fuel pressure is lower than above pressure, install a new fuel filter element.

Inspect the fuel bypass valve for free movement. Install a new fuel bypass valve if
necessary.
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Cause

Air In The Fuel System

Leak or Break in Fuel Line

Between Injection Pump and

Injection Valve
Wrong Valve Clearance

Defect in Fuel Injection
Nozzle

Wrong Fuel Injection Timing

TM 5-3805-260-24
MISFIRING OR RUNNING ROUGH (CONT.)

Correction

Find the air leak in the fuel system and correct it. Loosen each fuel line nut at the
injection pumps and open the manual bleed valve. Loosen the bolts that hold the
torque spring or stop bar cover. This will let out any air that is in the governor
housing. After all air is out of fuel system, tighten bolts that hold torque spring or
stop bar cover. Tighten fuel line nuts according to the SPECIFICATIONS. Close
manual bleed valve.

Install a new fuel line.

Make adjustment according to Testing and Adjusting.

Run engine at rpm that gives maximum misfiring or rough run

ning. Then loosen a fuel line nut on the injection line for each cylinder, one at a
time. Find the cylinder where loosening the fuel line nut does not change the way
the engine runs. Test the fuel injection nozzle for that cylinder. Install new parts
where needed.

Make adjustment to timing.

Cause

Fuel Pressure is Low

Idle rpom Too Low
Defect in Fuel Injection
Nozzle

Wrong Valve Clearance
Spring for Dashpot

Governor Installed Wrong

(Cont. next page)

3. STALL AT LOW RPM

Correction

Make sure there is enough fuel in the fuel tank. Llook for leaks or bad bends in the
fuel line between fuel tank and fuel transfer pump. Look for air in the fuel system.
Check fuel pressure. The outlet pressure of the fuel transfer pump at full load
speed is 30 + 5 psi (205 + 35 kPa).

If fuel pressure is lower than above pressure, install a new fuel filter element.
Inspect the bypass valve for free movement. Install a new bypass valve if
necessary.

Make adjustment to governor so idle rpm is the same as given in the RACK
SETTING INFORMATION.

Install a new fuel injection nozzle.

Make adjustment according to Testing and Adjusting.

Install spring correctly.
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Cause

Air In The Fuel System

Broken Torsion Spring on
Sleeve Control Shaft

Linkage In Governor Does
Not Move Freely

Governor Springs Not
Completely on Spring Seat

Spring for Dashpot
Governor Installed Wrong

4.

TM 5-3805-260-24
SUDDEN CHANGES IN ENGINE RPM
Correction

Find the air leak in the fuel system and correct it. lloosen each fuel line nut at the
injection pumps and open the manual bleed Nalec. Loosen the bolts that hold the
torque spring or stop bar cover. This will let out any air that is in the governor
housing. After all air is out of fuel system, tighten bolts that hold torque spring or
stop bar cover. Tighten fuel line nuts according to the SPECIFICATIONS. Close
manual bleed valve.

Install new parts as needed.

Clean all linkage and inside of governor housing. Install new

parts for those parts that have damage.

Put springs completely on spring seat.

Install spring correctly.

Cause

Bad Quality Fuel

Fuel Pressure is Low

Air In The Fuel System

Air Inlet Has A
Restriction

Wrong Fuel Setting
Governor Linkage

Defect in Timing
Advance Unit

5. NOT ENOUGH POWER
Correction

Remove the fuel from the fuel tank. Install a new fuel filter element. Put a good
grade of clean fuel in the fuel tank.

Make sure there is fuel in the fuel tank. Look for leaks or bad bends in the fuel line
between fuel tank and fuel transfer pump. Look for air in the fuel system. Check
fuel pressure. The outlet pressure of the fuel transfer pump at full load speed is 30
+ 5 psi (205 + 35 kPa). If fuel pressure is lower than above pressure, install a new
fuel filter element. Inspect the fuel bypass salve for free movement. Install a new
fuel bypass valve if necessary.

Find the air leak in the fuel system and correct it. Loosen each fuel line nut at the
injection pumps and open the manual bleed valve. Loosen the bolts that hold the
torque spring or stop bar cover. This will let out any air that is in the governor
housing. After all air is out of fuel system, tighten bolts that hold torque spring or
stop bar cover. Tighten fuel line nuts according to the SPECIFICATIONS. Close
manual bleed valve.

Check air inlet pipes and air cleaner for restrictions.

Make adjustments as necessary.

Make adjustment to get full travel of linkage. Install new parts for those that have
damage or defects.

Replacement of timing advance unit is needed.
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Cause
Wrong Valve Clearance

Defect in Fuel Injection
Nozzle

Wrong Fuel Injection Timing

Fuel Shut-off Solenoid or
Shut-off Linkage Causing a
Restriction in the Travel of
the Shaft for the Sleeves

Constant Bleed Valve Stays
Closed

Exhaust System Has A
Restriction

TM 5-3805-260-24

5. NOT ENOUGH POWER (CONT.)
Correction

Make adjustment according to Testing and Adjusting.

Run engine at rpm that gives maximum misfiring or rough run-

ning. Then loosen a fuel line nut on the injection line for each cylinder, one at a
time. Tighten each fuel line nut before loosening the next one. Find the cylinder
where loosening the fuel line nut does not change the way the engine runs. Test
the fuel injection nozzle for that cylinder. Install new parts where needed.

Make adjustment to timing.

Check for correct full power with solenoid removed. If the engine

has full power with the solenoid removed, the problem is in the
solenoid or the shut-off linkage. Check for free travel of the

linkage.

Replace constant bleed valve.

Check exhaust pipe and muffler for restrictions.

Cause

Loose Bolt or Nut Holding
Pulley or Damper

Pulley or Damper Has A
Defect

Engine Supports Are Loose,
Worn, or Have a Defect

Misfiring or Running Rough

6. TOO MUCH VIBRATION
Correction

Tighten bolt or nut.

Install a new pulley or damper.

Tighten all mounting bolts. Install new components if necessary.

Make Reference to ltem 2.

Cause
Bad Quality Fuel
Defect in Fuel Injection
Nozzle

Wrong Fuel Injection Timing

7. LOUD COMBUSTION NOISE (SOUND)
Correction
Remove the fuel from the fuel tank. Install a new fuel filter element. Put a good
grade of clean fuel in the fuel tank.
Install a new fuel injection nozzle.

Make adjustment to timing.
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8.
Cause

Broken Valve Spring(s) or
Locks

Loose Bolts Holding Rocker
Arm Assembly

Too Much Valve Clearance

TM 5-3805-260-24

LOUD NOISE (CLICKING) FROM VALVE COMPARTMENT

Correction

Install new parts where necessary. Broken locks can cause the
valve to slide into the cylinder. This will cause much damage.

Tightento 18 + 5 Ib. ft. (24 + 7 N-m).

Make adjustment according to Testing and Adjusting.

Cause

Defect in Core of Oil Cooler

Defect in Head Gasket

9. OIL IN COOLING SYSTEM
Correction
Install a new core in the oil cooler.

Install a new head gasket.

10. MECHANICAL NOISE (KNOCK) IN ENGINE

Cause Correction
Failure of Bearing For Inspect the bearing for the connecting rod and the bearing surface
Connecting Rod on the crankshaft. Install new parts where necessary.
Damage to Crankshaft Make replacement of the crankshaft.
Defect in Attachment Repair or install new components.

11. FUEL CONSUMPTION TOO HIGH

Cause Correction
Fuel System Leaks Replacement of parts is needed at points of leakage.
Defect in Timing Advance Replacement of timing advance unit is needed.
Unit
Wrong Fuel Injection Timing Make adjustment to timing.

12. LOUD NOISE FROM VALVES OR VALVE DRIVE COMPONENTS

Cause
Broken Valve Spring(s)
Broken Camshaft

Broken Timing Advance Gear

Correction
Make replacement of parts with damage.
Make replacement of parts with damage. Clean engine thoroughly.

Make replacement of timing advance unit.
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13. LITTLE MOVEMENT OF ROCKER ARM AND TOO MUCH VALVE CLEARANCE

Cause

Not Enough Lubrication

Rocker Arm Parts Worn

End of Valve Stem Worn
Too Much Valve Clearance

Worn Push Rods

Cam Followers Worn

Worn Cams on Camshaft

Loose Bolts Holding Rocker
Arm Assembly

Correction

Check lubrication in valve compartment. There must be a strong flow of oil at
engine rpm, but only a small flow at low rpm. Oil passages must be clean,
especially those sending oil to the cylinder head.

If there is too much wear, install new parts or rocker arms. Make adjustment of
valve clearance according to Testing and Adjusting.

If there is too much wear, install new valves. Make adjustment of valve clearance
according to Testing and Adjusting.
Make adjustment according to Testing and Adjusting.

If there is too much wear, install new push rods. Make adjustment of valve
clearance according to Testing and Adjusting.

If there is too much wear, install new cam followers. Make adjustment of valve
clearance according to Testing and Adjusting.
Check valve clearance. Check for free movement of valves or bent valve stems.
Check for cam follower wear. Install a new camshaft. Make adjustment of valve
clearance according to Testing and Adjusting.

Tightento 18 + 5 Ib. ft. (24 +7 N.m).

Cause

Broken Locks

Broken Valve Spring(s)

14. VALVE SPRING LOCK IS FREE
Correction

Broken locks can cause the valve to slide into the cylinder. This
will cause much damage.

Install new valve spring(s).

Cause

Too Much Qil in the Valve
Compartment

Worn Valve Guides

Worn Piston Rings

15. OIL AT THE EXHAUST
Correction

Look at both ends of the rocker arm shaft. Be sure that there is a
plug in each end.

Reconditioning of the cylinder head is needed.

Inspect and install new parts as needed.

Cause

Worn Valve Seat or Face of
Valve

16. LITTLE OR NO VALVE CLEARANCE

Correction

Reconditioning of cylinder head is needed. Make adjustment of
valve clearance according to Testing and Adjusting.
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Cause

Dirt in Lubrication QOil

Air Inlet Leaks
Fuel Leakage Into

Lubrication Oil

TM 5-3805-260-2417
17. ENGINE HAS EARLY WEAR

Correction

Remove dirty lubrication oil. Install a new oil filter element. Put clean oil in the
engine.

Inspect all gaskets and connections. Make repairs if leaks are found.
This will cause high fuel consumption and low engine oil pressure.

Make repairs if leaks are found. Install new parts where needed.

Cause

Failure of Oil Cooler Core
Failure of Cylinder Head
Gasket

Crack or Defect in Cylinder
Head

Crack or Defect in Cylinder
Block

Failure of Front Cover
Gasket

18. COOLANT IN LUBRICATION OIL
Correction
Install a new core for the oil cooler.
Install a new cylinder head gasket. Tighten the bolts holding the

cylinder head, according to the Specifications.

Install a new cylinder head.

Install a new cylinder block.

Install a new front cover gasket.

Cause

Not Enough Air For
Combustion

Bad Fuel Injection Nozzle(s)

Wrong Fuel Injection Timing

19. TOO MUCH BLACK OR GRAY SMOKE
Correction

Check air cleaner for restrictions. [Max. 25in. (635 mm) of
water].

Install new fuel injection nozzle(s).

Make adjustment to timing.

20. TOO MUCH WHITE OR BLUE SMOKE

Cause

Too Much Lubrication Qil in
Engine

Misfiring or Running Rough
Wrong Fuel Injection Timing
Worn Valve Guides
Worn Piston Rings

Defect in Timing Advance
Unit

Correction

Remove extra oil. Find where extra oil comes from. Put correct
amount of oil in engine. Do not put too much oil in engine.

Make reference to ITEM 2.

Make adjustment to timing.
Reconditioning of cylinder head is needed.
Install new parts as necessary.

Replacement of timing advance unit is needed.
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Cause
Defect in Oil Pressure Gauge

Dirty Oil Filter or Oil Cooler

Diesel Fuel in Lubrication
Qil

Too Much Clearance
Between Rocker Arm Shaft
and Rocker Arms

Oil Pump Suction Pipe Has
A Defect

Relief Valve for Oil Pump
Does Not Operate Correctly

Oil Pump Has A Defect

Too Much Clearance
Between Crankshaft and
Crankshaft Bearings

Too Much Clearance
Between Camshaft and
Camshaft Bearings

TM 5-3805-260-24
21. ENGINE HAS LOW OIL PRESSURE

Correction
Install new gauge.
Check the operation of bypass valve for the filter. Install new oil filter elements if
needed. Clean or install new oil cooler core. Remove dirty oil from engine. Put
lean oil in engine.
Find the place where diesel fuel gets into the lubrication oil. Make
repairs as needed. Remove the lubrication oil that has diesel fuel in it. Install a
new oil filter element. Put clean oil in the engine.
Check lubrication in valve compartment. Install new parts as
necessary.
Replacement of pipe is needed.

Clean valve and housing. Install new parts as necessary.

Make repair or replacement of oil pump if necessary.

Check the oil filter for correct operation. Install new parts if
necessary.

Install new camshaft and camshaft bearings if necessary.

22.

Cause

Too Much Lubrication Qil in
Engine

Oil Leaks

Oil Temperature is Too High
Too Much Qil To Intake
Valve Guides

Worn Valve Guides

Worn Piston Rings

ENGINE USES TOO MUCH LUBRICATION OIL
Correction

Remove extra oil. Find where extra oil comes from. Put correct
amount of oil in engine. Do not put too much oil in engine.

Find all oil leaks. Make repairs as needed.

Check operation of oil cooler. Install new parts if necessary. Clean the core of the
oil cooler. Check oil cooler bypass valve.

Make reference to ITEM 15.

Make reference to ITEM 15.

Install new parts as necessary.
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Cause
Restriction To Air Flow
Through Radiator or
Restriction To Flow Of
Coolant Through the
Radiator

Not Enough Coolant in
System

Pressure Cap Has A Defect
Combustion Gases in Coolant
Water Temperature
Regulators (Thermostats) or
Temperature Gauge Has

A Defect

Water Pump Has A Defect

Too Much Load On The
System

Wrong Fuel Injection Timing
Shunt Line Has A Defect

Drive Belts Loose

TM 5-3805-260-24
23. ENGINE COOLANT IS TOO HOT
Correction

Remove all restrictions of flow.

Add coolant to cooling system.

Check operation of pressure cap. Install a new pressure cap if necessary.
Find out where gases get into the cooling system. Make repairs as needed.

Check water temperature regulators for correct operation. Check
temperature gauge operation. Install new parts as necessary.

Install a new water pump.

Make a reduction to the load.

Make adjustment to timing.
Make repairs as needed.

Adjust drive belts.

Cause
Battery Has Low Output

Wiring or Switch Has
A Defect

Starting Motor Solenoid Has
A Defect

Starting Motor Has A Defect

24. STARTING MOTOR DOES NOT TURN
Correction
Check condition of battery. Charge battery or make replacement as necessary.

Make repairs or replacement as necessary.

Install a new solenoid.

Make repair or replacement of starting motor.
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Cause

Loose Drive Belt For
Alternator

Charging or Ground Return

Circuit or Battery

Connections Have A Defect

Alternator Brushes Have
A Defect

Rotor (Field Coil) Has
A Defect

TM 5-3805-260-24

25. ALTERNATOR GIVES NO CHARGE
Correction

Make an adjustment to put the correct tension on the drive belt.

Inspect all cables and connections. Clean and tighten all connec-
tions. Make replacement of parts that have a defect.

Install new brushes.

Install a new rotor.

Cause

Loose Drive Belt For
Alternator

Charging or Ground Return

Circuit or Battery)

Connections Have A Defect

Alternator Regulator Has
A Defect

Alternator Brushes Have
A Defect

Rectifier Diodes Have
A Defect

Rotor (Field Coil) Has
A Defect

26. ALTERNATOR CHARGE RATE IS LOW OR NOT REGULAR

Correction

Make an adjustment to put the correct tension on the drive belt.

Inspect all cables and connections. Clean and tighten all connec-
tions. Make replacement of parts that have a defect.

Make repair or replacement of alternator regulator.

Install new brushes.

Make replacement of rectifier diode that has a defect.

Install a new rotor.

Cause

Alternator or Alternator
Regulator Has Loose
Connections

Alternator Regulator Has
A Defect

27. ALTERNATOR CHARGE TOO HIGH
Correction

Tighten all connections to alternator or alternator regulator.

Install a new alternator regulator.
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Cause

TM 5-3805-260-2428.

28. ALTERNATOR HAS NOISE

Correction

Drive Belt For Alternator is Install a new drive belt for the alternator.

Worn or Has A Defect

Loose Alternator Drive
Pulley

Drive Belt and Drive Pulley
For Alternator Are Not in
Alignment

Worn Alternator Bearings

Check key groove in pulley for wear. If groove is worn, install a
new pulley. Tighten pulley nut according to Specifications.

Make an adjustment to put drive belt and drive pulley in correct

alignment.

Install new bearings in the alternator.

Cause

Air Inlet or Exhaust System
Has A Restriction

Wrong Fuel Injection Timing

SYMPTOMS

30. Compressor passes excessive
oil as evidenced by presence
of oil at exhaust ports of
valving or seeping from air
strainer.

29. EXHAUST TEMPERTATURE IS TOO HIGH

Remove restriction.

Correction

Make an adjustment to the timing.

COMPRESSOR TROUBLESHOOTING CHART

CAUSE

A. Restricted air intake.

B. Restricted oil return
(to engine).

2-34

REMEDY

Check engine air cleaner and replace if neces-
sary. Check compressor air inlet line for kinks,
excessive bends and be certain inlet lines have
the minimum specified inside diameter.
Recommended minimum inlet line inside
diameter is 5/8". Recommended maximum

air inlet restriction is 25" of water.

Qil return to the engine should not be in
any way restricted. Check for excessive
bends, kinks, and restrictions in the oil
return line. Minimum recommended olil
return line size is 5/8" O.D. tubing or
equivalent 1.D. (1/2" minimum). Return line
must CONSTANTLY DESCEND from the
compressor to the engine crankcase. Make
certain oil drain passages in the compressor
and mating engine surfaces are
unobstructed and aligned. Special care
must be taken when sealants are used with,
or instead of, gaskets.
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SYMPTOMS CAUSE REMEDY

C. Poorly filtered inlet air. C. Check for damaged, defective or dirty air filter

on engine. Check for leaking, damaged or

defective compressor air intake components

(i.e., induction line, fittings, gaskets, filter

bodies, etc).

D. Insufficient compressor
cooling (compressor runs | D. For air-cooled portions of the compressor:
hot). 1. Remove accumulated grease, grime, or
dirt from the cooling fins. Replace
components found damaged.

2. Check for damaged cooling fins. Replace
components found damaged.

E. Contaminants not being | E. Check reservoir drain valves to insure that
regularly drained from they are functioning properly. It is recom-
system reservoirs. mended that the vehicle should be equipped

with functioning automatic drain valves, or

have all reservoirs drained to zero (0) psi

daily, 'or optimally to be equipped with a

desiccant-type air dryer prior to the reservoir

system.
F. Compressor runs loaded | F. Vehicle system leakage should not exceed
an excessive amount of industry standards of 1 psi pressure drop
time. per minute without brakes applied, and 3

psi pressure drop per minute with brakes
applied. If leakage is excessive, check for
system leaks and repair.
G. Excessive engine G. Test for excessive engine crankcase
crankcase pressure. pressure and replace or repair crankcase
ventilation components as necessary. (An
indication of crankcase pressure is a loose
or partially lifted dipstick.)
H. Excessive engine oil H. Check the engine oil pressure with a test
pressure. gauge and compare the reading to the
engine specifications. Bendix does not
recommend restricting the compressor oil
supply line because of the possibility of
plugging the restriction with oil
contaminants. Minimum oil supply line size
is 1/4" O.D. tubing.
I.  Faulty compressor. I. Replace or repair the compressor only after
making certain none of the preceding
installation defects exist.

31. Noisy compressor operations. |A. Loose pulley. A. Inspect the fit of pulley on the compressor crank
shaft. The pulley must be completely seated and
the crankshaft nut must be tight. If the com-
pressor crankshaft surface or its keyway are
damaged, it is an indication of loose drive com-
ponents. If damage to the compressor crankshaft
is detected, replace the compressor or the
crankshaft. When installing pulley, torque the
crankshaft nut to 100 foot pounds. DO NOT
BACK OFF THE CRANKSHAFT NUT TO ALIGN
THE COTTER PIN AND CASTELLATED NUT.
DO NOT USE IMPACT WRENCHES.
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32.

SYMPTOMS

Excessive build-up and
recovery time. Compressor
should be capable of building
air system from 85-100 psi in
40 seconds with engine at
full governed rpm. Minimum
compressor performance is
certified to meet Federal
requirements by the vehicle
manufacturer. Do not

down size the original
equipment compressor.

CAUSE

B. Compressor cylinder head
head discharge line
restrictions.

C. Worn or burned out
bearings.

D. Faulty compressor.

A. Dirty induction air filter.

B. Restricted induction line.

C. Restricted discharge line
or compressor discharge

activity.

D. Slipping drive
components.

E. Excessive air system
leakage.

F. Sticking unloader pistons
and plungers.
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REMEDY

Inspect the compressor discharge port and
discharge line for carbon build-up. If carbon
is detected, check for proper cooling to the
compressor. (See Cause and Remedy (D)
under Symptom #30.) Inspect the discharge
line for kinks and restrictions. Replace
dischage line as necessary.

Check for proper oil pressure in the
compressor. Minimum required oil pres-
sure; 5 psi engine idling, 15 psi maximum
governed engine rpm. Check for excessive
oil temperature-should not exceed 240° F.

Replace or repair the compressor after
determining none of the preceding installa-
tion defects exist.

Inspect engine or compressor air filter and
replace if necessary.

Inspect the compressor air induction line for
for kinks and restrictions and

replace as necessary.

Inspect the compressor discharge port and
line for restrictions and carbon build-up.

If a carbon build-up is found, check for
proper compressor cooling.

Replace faulty sections of the discharge
line.

Check the condition of drive belts and replace
or tighten, whichever is appropriate.

Test for excessive system leakage and repair
as necessary. Use the following as a guide:
Build system pressure to governor cutout
and allow the pressure to stabilize for one
minute. Using the dash guage, note the
system pressure and the pressure drop after
two minutes.

The pressure drop should not exceed:

1. 2 psiin each reservoir for a single

vehicle.

2. 6 psiin each reservoir for a tractor and
trailer.

3. 8 psiin each reservoir for a tractor and 2
trailers.

Check the operation of the unloading
pistons in the inlet cavity of the com-
pressor. Both pistons should have the
plunger flanges resting on the inlet cavity
floor when the compressor is loaded
(pumping air). If the pistons and plunger are
not fully retracted, check for proper opera-
tion of the compressor air governor. If the



SYMPTOMS

33. Compressor fails to unload.

34. Compressor leaks oil.

35. Compressor constantly cycles

(compressor remains

unloaded for a very short

time.)

CAUSE

Faulty compressor.

Faulty governor or
governor installation.

Faulty or worn unloader.

Damaged mounting
gasket.

Cracked crankcase,
cylinder block or end
cover.

Loose end cover or
cylinder block cap screws
Loose oil supply or return
line fittings.

Porous compressor
casting.

Mounting flange or end
cover, O-Ring or gasket-
missing, cut, or damaged.

Leaking compressor
unloader pistons.

Faulty governor.

Excessive system.
leakage.

Excessive reservoir
contaminants.
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B.

C.

TM 5-3805-260-24

REMEDY
governor is operating properly, replace the
unloader pistons and plungers and inspect
their bores in the cylinder block. Clean
lubricate as necessary. Inspect for bent,
kinked or blocked tubing leading to or from
the governor.
Replace or repair the compressor after
determining none of the preceding
installation defects exist.

Test the governor for proper operation

and inspect air lines to and from the gover-

nor for kinks or restrictions. Replace or

repair the governor or its connecting air

lines.

Inspect for worn, dirty or corroded unloader
pistons or bores pistons and their cylinder block
bores. Replace as necessary.

Check the compressor mounting bolt
torque. If the mounting bolt torque is low,
replace the compressor mounting gasket
before retorquing the mounting bolts.
Visually inspect the compressor exterior

for cracked or broken components. Cracked
or broken crankcases or mounting flanges
can be caused by loose mounting bolts.
The end cover can be cracked by over-
torquing fitting or plugs installed in the end
cover. Replace or repair the compressor as
necessary.

Check the cap screw torques and tighten

as necessary.

Check the torque of external oil line

fittings and tighten as necessary.

Replace the compressor if porosity is

found.

Replace as necessary.

Remove the compressor inlet air strainer
or fitting. With the compressor unloaded
(not compressing air), check for air
leakage around the unloader pistons.
Replace as necessary.

Test the governor for proper operation and
repair or replace as necessary.

Test for excessive system leakage as
instructed in Symptom 32, Remedy E.

Reduce leakage wherever possible.

D.

Drain reservoirs.



SYMPTOMS CAUSE
36. Compressor head gasket A. Restricted discharge line.
failure. B. Loose head bolts.
C. Faulty compressor or

head gasket.

TM 5-3805-260-24
REMEDY

Clear restriction or replace line.

B. Tighten evenly to a torque of 25-30 foot
pounds.

Check for rough or poorly machined

head or block surfaces. Replace necessary
components.

FUEL SYSTEM

Either too much fuel or not enough fuel for com-
bustion can be the cause of a problem in the fuel system.

Many times work is done on the fuel system
when the problem is really with some other part of the
engine. The source of the problem is difficult to find,
especially when smoke comes from the exhaust. Smoke
that comes from the exhaust can be caused by a bad
fuel injection valve, but it can also be caused by one or
more of the reasons that follow:

a. Not enough air for good combustion.
b. Anoverload at high altitude.
c. Oil leakage into combustion chamber.
d. Not enough compression.
FUEL SYSTEM INSPECTION

A problem with the components that send fuel to
the engine can cause low fuel pressure. This can
decrease engine performance.

1. Check the fuel level in the fuel tank. Look
at the cap for the fuel tank to make sure the
vent is not filled with dirt.

2.  Check the fuel lines for fuel leakage. Be
sure the fuel supply line does not have a
restriction or a bad bend.

3. Install a new fuel filter. Clean the fuel
screen located in the inlet valve of the fuel
transfer pump.

4, Remove any air that may be in the fuel
system. If there is air in the fuel system, use the prim-
ing pump and loosen the nuts holding the fuel lines tor
the outside of the cylinder head, one at a time. Do this
until fuel, without air, comes from the fuel line
connection.
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CHECK ENGINE CYLINDERS SEPARATELY

An easy check can be made to find the cylinder
that runs rough (misfires) and causes black smoke to
come out of the exhaust pipe.

Run the engine at the speed that is the roughest.
Loosen the fuel line nut at a fuel injection pump. This will
stop the flow of fuel to that cylinder. Do this for each
cylinder until a loosened fuel line is found that makes no
difference in engine performance. Be sure to tighten
each fuel line nut after the test before the next fuel line
nut is loosened. Check each cylinder by this method.
When a cylinder is found where the loosened fuel line
nut does not make a difference in engine performance,
test the injection pump and fuel injection nozzle for that
cylinder.

Temperature of an exhaust manifold port, when
the engine runs at low idle speed, can also be an
indication of the condition of a fuel injection nozzle. Low
temperature at an exhaust manifold port is an indication
of no fuel to the cylinder. This can possibly be an
indication of a nozzle with a defect. Extra high
temperature at an exhaust manifold port can be an
indication of too much fuel to the cylinder, also caused by
a nozzle with a defect.

The most common defects found with the fuel
injection valves are:
1. Carbon on tip of the nozzle or in the nozzle
orifice.
2. Orifice wear.

CAUTION
Do not test or disassemble nozzles unless you
have the correct service tools.

NOTE: Do not disassemble fuel nozzles before they
have been tested. See TESTING PENCIL-TYPE FUEL
INJECTION NOZZLES.



TESTING 9N3979 PENCIL-TYPE FUEL INJECTION
NOZZLES

Tools Needed:
*5P4150 Nozzle Testing Group.
5P4244 Adapter.

852270 Fuel Collector.

FT1384 Extension.

852245 Cleaning Tool Group.
852258 Brass Wire Brush.
852250 Nozzle Holding Tool.
852252 Carbon Seal Installation Tool.

1F1153 Needle Nose Pliers.

8H8505 Combination Wrench.
8HB8502 Combination Wrench.

852274 Socket.

851589 Socket.

9S5031 Socket.

5P4813 Socket.

5P4150 NOZZLE TESTING GROUP

A. 5P4721 Tube. B. 5P4146 Gauge, 0 to 1000
psi (O to 6900 kPa) used to test PC capsule
valves. C. 2P2324 Gauge, 0 to 5000 psi (O to
34 500 kPa) used to test DI capsule valves
and pencil-type nozzles. D. Gauge protector
valve for 5P4146 Gauge (B). E. Gauge
protector valve for 2P2324 Gauge (C). F. On-
off valve. G. Pump isolator valve. H.
5P4720 Fitting. J. 5P8744 Adapter for
capsule nozzles. K. 5P4244 Adapter for
pencil-type nozzles.

EXTRA VALVE
L. Gauge protector valve (must be In open position
at all times).
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CAUTION
Be sure to use clean SAE J967 Calibration oil
when tests are made. Dirty test oil will damage
components of fuel injection nozzles. The
temperature of the test oil must be 65 to 750 F
(18 to 240 C) for good test results.

Order calibration oil by part number, in the
guantities needed, according to the information that
follows:

Kent-Moore Corp.
1501 South Jackson St.
Jackson, Ml 49203

Order:

J-26400-5 [5 U.S. gal. (18.9 liter)]

J-26400-15 [15 U.S. gal. (56.7 liter)]

J-26400-30 [30 U.S. gal. (113.5 liter)]

J-26400-55 [55 U.S. gal. (208.2 liter)]

Viscosity Oil Company
3200 South Western Ave.
Chicago, IL 60608
Order:
Viscor Calibration Fluid
1487C-SAE J-967C
Available in 30 U.S. gal (113.5 liter) or 55 U.S.
gal. (208.2 liter) drums.

To test a pencil-type fuel injection nozzle, all six
steps of the test procedure must be completed, and the
step sequence must be as follows:

l. Return Leakage Test. (This test is not
needed with the 9N3979 Nozzle).
. Valve Opening Pressure Test.
M. Flush the Nozzle.
\A Tip Leakage Test.
V. Orifice Restriction Test.
VI. Cap Leakage Test.

NOTE: Do all tests before the nozzle is disassembled for
cleaning, or before any adjustments are made to a
nozzle. A test can show that the nozzle must not be
used again.

Nozzle Preparation for Test
Before fuel injection nozzle (l) can be tested, all

loose carbon around the tip of the nozzle must be
removed with the 852258 Brass Wire Brush (M).
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ATSE40X 1

REMOVING CARBON DAM
1. Fuel injection nozzle. 2. Csrbon dam. 3.
Seal. Remove carbon dam (2) with needle
nose pliers and remove seal (3) from the
nozzle.

CAUTION

Do not use a steel brush or a wire wheel to
clean the nozzle body or the nozzle tip. Use of
these tools can cause a small reduction of
orifice size, and this will cause a large
reduction in engine horsepower. Too much
use of the 852258 Brass Wire Brush will also
remove the coating that is on the nozzle for
protection.

Clean the groove for carbon seal dam (2) and
the body of the nozzle below the groove with the 852258
Brass Wire brush (M). Remove the carbon, but be sure
not to use the brush enough to cause damage to the
body of the nozzle.

NOTE: A change in color in the area below the groove is
normal and does not affect the body of the nozzle.

=] ©
= WG

— 4
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852245 CLEANING KIT
(M) 852258 Brass Wire Brush. (N) 852252 Carbon
Seal Tool. (P) 8S2250 Nozzle Holding Tool.
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l. Return Leakage Test

1. Put nozzle (I) and 852250 Nozzle Holding
Tool (P) in a vise and remove cap (4).

A13520X3

FUEL INJECTION NOZZLE
4. Cap. 5. Nut.
2. Use 5P4244 Adapter (Q) to connect fuel
injection nozzle (1) to the tester. Nut (5) can be tightened
by hand if IH1023 O-ring Seal (6) is not damaged.

3. Install FT1384 Extension (R) in 8S2270
Fuel Collector (S) and put parts into position under
nozzle.

—

A26679X1

FUEL INJECTION NOZZLE CONNECTOR 5.
Nut. 6. 1H1023 O-ring Seal for fuel line.

4. Put the tip of the fuel injection nozzle a little
above the horizontal position. Tighten the
nut by hand that connects the fuel injection
nozzle to the tester.



NOZZLE POSITION FOR RETURN LEAKAGE TEST

1. Fuel injection nozzle. Q. 5P4244 Adapter.

R. FT1384 Extension. S. 852270 Fuel
Collector.

5. Close on-off valve (F). Open pump
isolator valve (G).

6. Open gauge protector valve (E) and
operate the tester slowly until the
pressure is at 1400 to 1600 psi (9630
to | 1 045 kPa).

7. Look at the leakage from the return at
the top (pressure screw end) of the
fuel injection nozzle.

RETURN LEAKAGE SPECIFICATION

Minimum Maximum
After the first No No
drop falls: Minimum Maximum

Il. Valve Opening Pressure Test (VOP)
1. Loosen nut (5) and turn nozzle tip
down so that it extends into FT1384
Extension (R) as shown.

2. Tighten nut (5) to 5P4244 Adapter (Q).

Nut (5) can be tightened by hand if 1
1023 O-ring Seal (6) is not damaged.

NOZZLE CONNECTED TO 5P4150 NOZZLE TESTER
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When fuel injection nozzles are tested, be sure to wear
eye protection. Fuel comes from the orifices in the
nozzle tip with high pressure. The fuel can pierce (go
thru) the skin and cause serious injury to the operator.
Keep the tip of the nozzle pointed away from the operator
and into the 852270 Fuel Collector and FT1384
Extension.

.....

____

NOZZLE READY FOR TEST
E. Gauge protector valve. F. On-off valve.
G. Pump isolator valve.

CAUTION
Put a shop towel around the top of the nozzle
(pressure screw end) to take in any fuel
leakage.

3. Close on-off valve (F). Open pump isolator
valve (G).

4. Open gauge protector valve (E). Operate
the pump to make a slow increase in
pressure until the valve in the fuel injection
nozzle just starts to open. Read the
maximum gauge pressure at the instant
fluid flows from the tip.

NOTE: It is possible for the pressure reading of the
gauge to go down fast if the valve makes a noise
(chatters) when it opens. It is also possible for the
pressure reading of the gauge to be almost constant
when the valve in the fuel injection nozzle opens.

NOTE: The salve in the fuel injection nozzle can be good
and still not make a noise (chatter). or not have a very
fine vapor (spray) from the orifices in the tip of the fuel
injection nozzle during Step 4.

If the opening pressure is less than 1500 psi
10300 kPa), do not use the fuel injection nozzle again.



VALVE OPENING PRESSURE (VOP)
SPECIFICATIONS
1500 to 2600 psi
(10, 300 to 17, 690 kPa)

1. Flush the Nozzle

1. Close gauge protector
Close on-of valve (F).
isolator valve (G)

valve (E).
Open pump

NOTE: Make sure nozzle extends inside and below the
top of FT1384 Extension (R).

2. Operate the pump rapidly for three full
strokes.

\VA Tip Leakage Test

1. Remove all fuel from the nozzle tip and
body with a cloth.

2. Put a clean cloth around the top of the
body of the fuel injection nozzle
(pressure screw end) to take in the
leakage and prevent any fuel leakage
to drain down to the tip of the nozzle.

CLOTH ON TOP OF NOZZLE
E. Gauge protector valve. F. On-otff valve.
G. Pump Isolator valve.

3. Open gauge protector valve (E). Be
sure the nozzle tip is completely dry.

4. Make and hold for 15 seconds a
pressure of 200 psi (1380 kPa) less
than the opening pressure measured
in VOP Test Il

5. If nozzle is not within specification, DO
NOT USE THE NOZZLE.

TIP LEAKAGE SPECIFICATION

No more than 20 drops can fall in 15 seconds
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V. Orifice Restriction Test

1. Close gauge protector valve (E) and on-off
valve (F). Open pump isolator valve
(G).

2. Point the tip of the fuel injection nozzle into
the 8S2270 Fuel Collector and
FT1384 Extension.

3. Make a slow increase in pressure and look
at the orifice discharge pattern (shape
of discharge) when fluid begins to flow
through the fuel injection nozzle. The
discharge must be the same through
all four orifices. Any change, either
vertically or horizontally, is an indi-
cation of a bad nozzle.

)
A4

A25680X1

GOOD NAZZLE
(USE AGAIN)

—0—

A25681X1

TYPICAL DISCHARGE PATTER FOR ORIFICE
WITH A RESTRICTION
(RECONDITIONING OR REPLACEMENT
NECESSARY)

AZ5682X1

TYPICAL DISCHARGE PATTERN WITH
HORIZONTAL DISTORTION
(RECONDITIONED OR REPLACEMENT
NECESSARY)



Azsea3xt

TYPICAL DISCHARGE PATTERN WITH VERTICAL DISTORTION (RECONDITIONING OR REPLACEMENT
NECESSARY)

VI. Cap Leakage Test
1.move fuel injection nozzle (I) from the P4150 Nozzle Tester and put it in 852250 Nozzle Holding Tool (P).
1 4

o Sm—

AT12944X4 7

NOZZLE CAP INSTALLATION
1.Fuel injection nozzle4. Cap. 7. 1H1023 O-ring seal.

2. Install new IH1023 O-ring Seal (7). 3. Install cap (4) and tighten to 110 to 120 Ib. in. (12.4to 13.6 N.m).

. |

A13511X2

TIGHTENING CAP
8. 9S5031 Socket.P. 852250 Nozzle Holding Tool.
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CAUTION
Do not tighten the cap more than torque shown or the new O-ring seal will be damaged.

4. Put fuel injection nozzle (1) on the 5P4150 Nozzle Tester with the nozzle tip in the 852270 Fuel Collector and

FT1384 Extension.

5. With gauge protector valve (E) open, pump the tester until cap (4) is completely full of fuel and the pressure

on the gauge is 4000 psi
27 500 kPa).

NOTE: 15 to 20 strokes of the pump can be necessary for the pressure to reach 4000 psi (27 500 kPa).

CAP LEAKAGE SPECIFICATION

There must be no |

pakage between the cap and the body of fuel injection nozzle

There must be no leakage between the cap and th

e body of fuel injection nozzle. 6. If there is leakage, make a

replacement of | H 1023 Seal (7) and inspect cap (4) for cracks. Test the nozzle again. If there is still leakage,

replacement of fuel injection nozzle is neces-sary.

INSTALLING CARBON DAM
2. Carbon dam. 3. Seal. N. 852252 Carbon Seal Tool.

7. If no fuel leakage is found, fuel injection nozzle is acceptable. Slide new seal (3) into position over the nozzle.
Install new carbon dam (2) in nozzle groove with 852252 Carbon Seal Tool (N).

TROUBLESHOOTING OF 9N3979 FUEL
INJECTION NOZZLES

Use the guide that follows to troubleshoot for problems with the pencil-type fuel injection nozzles
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NOZZLE ASSEMBLY TROUBLESHOOTING GUIDE

PROBLEM CAUSE CORRECTION
Return Leakage Highl. 1.Too mych wear or scratches at 1 Make replacement of nozzle
guide assembly
2.Parts are bad 2 Make replacement of nozzle
assembly
Return Leakage Low 1 Foreign material on valve 1 Clean area with solvent
2.Not enough clearance 2 Make replacement of nozzle
assembly
opening Pressure Not Correct 1 Adjustment wrong 1 Make adjustment See ADJUST-
MENT OF 9N3979 FUEL NOZZLES
2.Parts are bad 2 Make replacement of nozzle
assembly
Tip Leakage 1 Deposits in seat area 1. Disassemble and clean nozzle
2.Seat for valve bad 2 Make replacement of nozzle
3.Parts have failed 3 Make replacement of nozzle
4.Crack at tip of nozzle 4 Make replacement of nozzle
make replacement of nozzle
assembly
Orifice Discharge Is Not Correct 1 Orifices have a restriction or are 1 Clean orifices, if office are bad,
2.Crack at tip of nozzle 2 Make replacement of nozzle
3 Debris inside nozzle at bottom of 3 Clean nozzle See Special In-
tip structlon Form No. SEHS7292
for __cleaning procedures
4.Adjustment of lift screw not correct
4. Make adjustment See ADJUST-
MENT OF 9N3979 FUIEL
NOZZLES
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ADJUSTMENT AND CLEANING OF 9N3979
FUEL INJECTION NOZZLES

NOTE: Do not clean or adjust a nozzle with a valve
opening pressure (VOP) less than 1500 psi (10300 kPa).

Valve Opening Pressure (VOP) Adjustment

FUEL INJECTION NOZZLE
1. Fuel injection nozzle. 2.Locknut (for
pressure adjust- m., ’lt screw). 3. Pressure
adjustment screw. 4. 1H1023 O-ring Seal for
cap. 5. Locknut (for lift adjustment screw).
6. Lift adjustment screw.

1. Remove fuel injection nozzle (I) from
the5P4150 Nozzle Tester and put it in the
852250 No771e Holding Tool (P).

LOOSENING LOCKNUT
1. Fuel injection nozzle. 7.8H8502 Combination
Wrench.

P. 852250 Nozzle Holding Tool.
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2..Loosen locknut (5) that holds lift adjustment
screw (6). Turn lift adjustment screw (6)
counter clock wise two turns.

CAUTION
If the lift adjustment screw is not turned counter
clock wise two turns, the valve can be bent or
the seat for the valve can be damaged when the
pressure adjustment screw is turned.

3. Hold lift adjustment screw (6) with a 5, 64" hex
wrench (8) and remove lock nut (5).

REMOVING LOCKNUT
5. Locknut (for lift adjustment screw). 8. 5/64" hex
wrench.

.

A13515X2

LOOSENING LOCKNUT
1. Fuel injection nozzle. 9. 8H8505 Combination
Wrench.

4. Loosen lock nut (2) that holds pressure adjustment
screw (3).

5. Put fuel injection nozzle (1) on the nozzle tester. Turn
pressure adjustment screw (3) clockwise with 5P4813
Socket (10). Each one- fourth of a turn will increase
the opening pressure approximately 250 psi (1720
kPa)



OPENING PRESSURE ADJUSTMENT
10. 5P4813 Socket

6. Turn pressure adjustment screw (3) clockwise
until the valve opening pressure is
within specifications.

‘ VOP2400 to 2600 psi
SPECIFICATIONS (16545 to 17690 kPa)

NOTE: |If nozzle can not be adjusted to
specifications, make a replacement of the nozzle.

A2BATEXZ

TIGHTENING LOCKNUT

1. Fuel Injection nozzle. 9. 8H8505 Combination

Wrench.10. 5P4813 Socket.

7. Hold pressure adjustment screw (3) and tighten
lock nut (2) just enough so that pressure
adjustment screw (3) will not turn.

8. After the opening pressure adjustment is made,

install lock nut (5) that holds lift adjustment screw

(6). Make the valve lift adjustment. See VALVE LIFT

ADJUSTMENT
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Valve Lift Adjustment

1. With the valve opening pressure correct, pump
test oil through the fuel injection nozzle.
At the same time, hold locknut (5) and
slowly turn lift adjustment screw (6)
clockwise until the pressure starts to
increase above the opening pressure.

2. To be sure the valve is on the seat, increase the
pressure 200 to 500 psi ( 1380 to 3450 kP
a) more than the opening pressure.

CAUTION
Do not bend the valve or damage the seat by
turning lift adjustment screw (6) with too
much force.

NOTE: Some test oil can be at the tip of the fuel
injection nozzle, but a constant flow of drops
(dribble) must not be seen.

TIGHTENING LOCKNUT

1. Fuel Injection nozzle. 7. 8H8502 Combination

Wrench. 8. 5/64" Hex Wrench.

3. Turn lift adjustment screw (6) counter clock wise
3,4 +1/8 of aturn.

4. Hold lift adjustment screw (6) with 5/64" hex
wrench (8) and tighten lock nut (5) just
enough so that lift adjustment screw (6)
will not turn.

Tightening Lock nuts and Cap
1. Remove fuel injection nozzle (1) from 5P4150

Nozzle Tester and put it in 8S2250
Nozzle Holding Tool (P).



FUEL INJECTION NOZZLE
1. Fuel Injection nozzle. 2. Lock nut (for pressure
adjustment screw). 3. Pressure adjustment
screw. 4. 1H102 O-ring Seal for cap. 5. Lock
nut (for lift adjustment screw). 6. Lift adjustment

screw.

2. Tighten lock nut (2) that holds pressure
adjustment screw (3) to 70 to 80 Ib. in.
(8.0 to 9.1N-m).

TIGHTENING PRESSURE SCREW LOCKNUT
(Typical Example)
11. BS2274 Socket. P. 852250 Nozzle Holding Tool.

3Tighten lock nut (5) that holds lift
adjustment screw (6) to 35to 45 Ib. in. (4.0
to 5.1 N.m).

TIGHTENING VALVE LIFT SCREW LOCKNUT
(Typical Example)
12. 851589 Socket.

4. Install new IH1023 O-ring seal (4).
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5. Install the cap and tighten to 110 to 120 Ib. in.
(12.4 to 13.6 N-m).

CAUTION

Do not tighten the cap more than torque shown
or the new O-ring seal will be damaged.

@ L

A13511X3

TIGHTENING CAP
13. 955031 Socket

With adjustments and tests complete, check for
leakage between the cap and the body of the fuel
injection nozzle. See Cap Leakage Test in section
TESTING 9N3979 PENCIL-TYPE FUEL INJECTION
NOZZLES.



FUEL INJECTION LINES

Fuel from the fuel injection pump is sent through

the fuel injection lines to the fuel injection
no77les.

Each fuel injection line of an engine has a special
desigh and must be inT stilled in a certain
location. _n fuel injection lines are removed
from an engine, put identification marks or
tags on the fuel lines as they are removed,
so they can be put in the correct location
when they are installed.

The nuts that hold a fuel injection line to an
injection nozzle and injection pump must be
kept tight. Use a torque wrench and the
5P144 Fuel line Socket to tighten the fuel line
nuts to 30 + 5Ib. ft. (40 + 7 Nhm).

FUEL INJECTION PUMPS
When injection pumps, sleeves and lifters are
removed from the injection pump housing, keep the
parts of each pump together so they can be in-
stalled back in their original location.

Be careful when disassembling injection pumps. Do
not damage the surface on the plunger. The
plunger, sleeve and barrel for each pump are made
as a set. Do not put the plunger of one pump in the
barrel or sleeve of another pump. If one part is
sworn, install a complete new pump assembly. Be
careful when putting the plunger in the bore of the
barrel or sleeve.

When an injection pump is installed correctly, the
plunger is through the sleeve and the adjustment
lever is engaged with the groove on the sleeve. The
bushing that holds the injection pump in the pump
housing must be kept tight. Tighten the bushing to
60 + 5 1b. ft. (80 + 7 N.m). Damage to the housing
will result if the bushing it too tight. If the bushing is
not tight enough, the pump *will leak.

A
) ﬁt"}r

1IP» S%) 75N
ARCEE

AIR INLET PIPE
(Typical Example)

2-48

TM 5-3805-280-24

CAUTION

If the sleeves on one or more of the fuel
injection pumps have been installed wrong,
damage to the engine is possible if cautions
are not taken at first starting. When the fuel
injection pumps have been removed and in-
stalled with the fuel injection pump housing
on engine, take the following cautions when
first starting the engine.

a. Remove air cleaner leaving the air inlet pipe
open as shown.

b. If the sleeve on a pump has been installed
*wrong and the engine starts to run too fast,
put a steel plate over the air inlet opening as
show n to stop the engine.

STOPPING THE ENGINE
(Typical Example)

FINDING TOP CENTER COMPRESSION
POSITION FOR NO. 1 PISTON

No. 1 piston at top center (TDC) on the
compression stroke is the starting point for all
timing procedures.

1. Remove the plug from the timing hole (2) in the
front cover. Put bolt (I) in timing hole (2). The bolt
from hole (3) can be used.

2. Turn the crankshaft COUNTERCLOCK-WISE (as
seen from rear of engine) until bolt (I) will go into the
hole in the drive gear for the camshatft.

3. Remove the valve cover on the right side of the
engine (as seen from rear of engine). The two valves
at the right front of the engine are the intake and
exhaust Valves for No. | cylinder.
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o . 2. Turn the crankshaft COUNTERCLOCK- WISE (as
; seen from rear of engine) until timing pin (2)
goes into the notch in the camshaft for the fuel
injection pumps.

3. Remove the plug from timing hole (4) in the front
cover. Put bolt (3) through the front cover and
into the hole with threads in the timing gear. The
bolt from hole (5) can be used.
o o

INSTALLING BOLT
1. 1D4539 Bolt, 5/16 in.-18NC, 2.5in. (63.5 mm) long.
2. Timing hole. 3. Hole.

4. The intake and exhaust valves for No. | cylinder
must now be closed and the timing pointer will
be in alignment with the TDC-I on the damper

assembly. The No. | piston is now at top center TIMING PIN INSTALLED
on the compression stroke. (Typical Example)
2. 3P1544 Timing Pin.

FUEL SYSTEM ADJUSTMENTS
Checking Fuel Injection Pump Timing; On Engine

The timing of the fuel injection pump can be
checked and changed if necessary, to make
compensation for movement in the taper sleeve
drive or worn timing gears. The timing can be
checked and if necessary, changed using the
following method.

Checking Timing by Timing Pin Method INSTALLING BOLT
Tools Needed: 3.1D4539 Bolt, 5/16in.-18 NC, 2.5in. (63.5 mm) long.
5P2371 Puller. 4. Timing hole. 5. Hole.

3P1544 Timing Pin.

I. Remove bolt (I! from the timing pin hole. 4. If the timing pin is in the notch in the camshaft for
the fuel injection pumps, and bolt (3) goes into
the hole in the timing gear through timing hole
(4), the timing of the fuel injection pump is
correct.

NOTE: If bolt (3) does not go in the hole in the timing
gear with timing pin (2) in the notch in the camshaft,
use the following procedure.

L ;
i!_\t?ﬂ?idzx1jj,
TIMING HOLE BOLT

1. BOLT
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c. Put 5P2371 Puller (10) on the

camshaft for the fuel injection pumps.

Tighten bolts (1 1) until the drive gear on the

camshaft for the fuel injection pumps comes

_ ' ' loose,

>4 = i {i d. Remove the 5P2371 Puller.

: E e. Turn the crankshaft COUNTERCLOCK- WISE

it . - (as seen from rear of engine) until bolt (3)

goes into the hole in the timing gear. With

; 4 ! " timing pin (2) in the notch in the cam- shaft for

TR ! the fuel injection pumps, and bolt (3) in the

' = o hole in the timing gear, the timing for the
engine is correct.

LOCATION OF COVER

. f. Install washer (8) and tachometer drive shaft
6. Cover for the tachometer drive assembly. 7.Nuts. (9). Tighten tachometer drive shaft to 110+ 10

Ib. ft. (149 + 14 Nm). Then remove timing pin
).

a. Remove nuts (7) and the cover for the tach-
ometer drive assembly (6).

b. Remove the tachometer drive shaft (9) and [P — _
washer (8) from the camshaft for the fuel HHHHH”HHW
injection pumps. |

2272222774 U g

NOTE: Tachometer drive shaft (9) and washer (8) Ire
removed as an assembly. A23857X 1

TACHOMETER DRIVE SHAFT

g. Turn the crankshaft two complete revolutions
COUNTERCLOCKWISE (as seen from rear of
engine) and put timing pin (2) and bolt (3) in
again. If timing pin (2) and bolt (3) can not be
installed do Steps athrough f again.

h. Remove bolt (3) from the timing gear and install
in hole (5). Install the plug in timing hole (4).
Remove timing pin (2) and install bolt (I). Install

LOCATION OF BOLT cover for the tachometer drive assembly (6).

8. Washer. 9. Tachometer drive shaft.
Checking Timing By Fuel Flow Method

Tools Needed:

1P540 Flow Checking Tool Group.

5P6524 Engine Timing Indicator Group.
95215 Dial Indicator.

958883 Contact point .50 in. (12.7 mm) long.
852296 Rod 5.25in. (133.4 mm) long.
5P7266 Adapter.

3P1565 Collet.

7M1999 Tube Assembly

LOOSENING DRIVE GEAR
10. 5P2371 Puller. 11. Bolts.
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5P6524 ENGINE TIMING INDICATOR GROUP

.

1. 3P1565 Collet Clamp. 2. 95215 Dial Indicator. 3.
5P7266 Adapter. 4. 852296 Rod, 5.25in. (133.4
mm) long. A. 3S8883 Contact Point, .50 In. (12.7

mm) long.

MEASUREMENT OF PISTON TRAVEL

1. 3P1565 Collet Clamp. 2. 9S215 Dial Indicator and
9S8883 Contact Point (A). 3. 5P7266 Adapter.
4.852296 Rod, 5.25in. (133.4 mm) long. 5. Cylinder
head. 6. Inlet port. 7. Piston.

Travel of piston (7), from the point of closing inlet
port (6) to top center, can be found by using the
procedure that follows:

NOTE: The fuel system timing has a tolerance of
+1.°

NOTE: When reference is made to crankshaft

rotation, the engine is seen from the flywheel end.

1. No. 1 piston at top center (TC) on the
compression-stroke. Make reference to
FINDING TOP CENTER COMPRESSION
POSITION FOR NO. 1 PISTON.

2. Remove timing bolt from front cover.

3. Remove the valve cover from the right side of the
engine. Remove the rocker arm
assembly-
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bly, and the fuel injection nozzle for No.
I cylinder.

DIAL INDICATOR INSTALLED
2. 95215 Dial Indicator. 3. 5P7266 Adapter.

4. Put a small amount of clean oil on 852296 Rod (4)
and put the rod in 5P7266 Adapter (3).

5. Put adapter (3) in same hole that No. | fuel nozzle
was removed from. Fasten adapter (3) to head
with bolt and spacer from fuel nozzle. 6. Install
3P1565 Collet Clamp () in the top of adapter (3).

7. Install 958883 Contact Point (A) on 9S215 Dial
Indicator (2) and put indicator (2) in adapter (3)
thru collet (1).

8. Position the dial indicator (up or down) so small
pointer is on "O" (zero) and tighten collet (1).

CAUTION
Do not tighten collet too much or
damage to the dial indicator can
result.

9. Loosen the screw that locks the dial face. Move
the dial face until the large pointer is on
"O" (zero) and tighten the lock screw.

10. Turn the crankshaft a minimum of 45 degrees in
a clockwise direction. Slowly turn the crank-
shaft in a counterclockwise direction until a
maximum reading is seen on the dial indicator.
Adjust the indicator up or down in the collet
until the resolution counter is at + .300 in.
(Black Numbers). Tighten the collet to hold the
indicator in this position. Loosen the bezel lock
and turn the bezel until the zero on the face of
the dial is in alignment with the hand. Tighten
the bezel lock.

11. Slowly turn the crankshaft in a counter

clockwise direction until the dial indicator

moves beyond .020 in. Now turn the crankshaft
the opposite direction until the dial indicator is
at .020 in



12. Make a temporary mark on the \fs20 vibration
damper ill relation to the pointer on the front
Cover.

CAUTION

Do not use a hammer and punch to mark a
vibration damper.

13. Turn the crankshaft in a clockwise direction
beyond the maximum indicator reading and
beyond .020 in. Now turn the crankshaft in a
counter clock indirection until the dial indicator
is .020in.

14. Make a second temporary mark on the tion
damper in relation to the pointer. Now, make a
mark on the vibration damper that is one-half
the distance between the two temporary marks.
This mark is the point of most accuracy for top
center No. | piston.

15. Turn the crankshaft in a clock vise direction
approximately 45 degrees and then turn the
crankshaft in a counter clock wise direction to
the top center mark that was made in Step 14. If
needed, adjust the dial indicator as in Step 10.

16. Turn the crankshaft in a clockwise direction
approximately 45 degrees.

17. Put 7MI999 Tube Assembly (9) on No. | injection
pump and tighten the nut. The free end of tube
assembly (9) must be in a position above
horizontal and higher than the end on the
injection pump.

18. Disconnect the fuel line at the fuel filter. Use an
adapter to connect 534634 Hose Assembly (X)
to the fuel line.

19. Disconnect the fuel return line from constant
bleed valve (I I). Put cap (12) on the constant
bleed valve.

P ]

1p540 Flow Checking Tool Group
8. 5j4634 Hose Assembly. 9. 7M1999 Tube Assembly
10. Tank Assembly
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CONSTANT BLEED VALVE

11. Constant bleed valve. 12. Cap.

20. Put 1 gal. (4 liters) of clean fuel in the tank
assembly (10). Move the governor lever to full
FUEI.-ON position. Put 15 psi (105 kPa) of air
pressure in the tank. Use the hand pump or
shop air.

NOTE: Solenoid must be activated (ignition switch
turned on) or solenoid must be removed before
governor lever can be moved to FUEL-ON position.

CAUTION
If shop air is used, make an adjustment to the
regulator so the air pressure in the tank is a
maximum of 15 psi (105 kPa).

21. Put pan (13) under the end of tube assembly (9)
for the fuel that comes out of the tube.

FUEL FLOW CHECK OF TIMING

8. 5J4634 Hose Assembly. 9. 7M1999 Tube Assembly.
10. Pressure Tank. 13. Pan.



22. Turn the crankshaft. slow, in a counter clock-
wise direction. Do this until the Jlow, of fuel
from the end of tube assembly (9) is 12 to 18
drops per minute.

23. Stop rotation of the crankshaft *when the flow of
fuel is 12 to 18 drops per minute. Take a
reading of the measurement on dial indicator

@3).

24. To check for correct timing of the fuel system,
make a comparison of the reading on dial
indicator (3) with the correct measurement in
the chart. Timing must be set within - I" of
correct timing angle.

TIMING

ANGLE INDICATOR READING
16’ 127 In. 323
mm

NOTE: If the timing of the fuel system is different
than the correct timing dimension given in the chart,
see the subject CHECKING TIMING BY TIMING PIN
METHOD.

Checking Automatic Timing Advance Unit By Timing
Light Method

Tools Needed:
1P3500 Injection Timing Group or
2P8280 Injection Timing Group

Either group can be used to check the automatic
timing advance.

1P3500 INJECTION TIMING GROUP

NOTE: When either of these injection timing groups
is used, the cap from the 9N3979 Nozzle Assembly
must be removed. This will let fuel bleed from the

cap end of the nozzle, and will maintain line
pressure in the normal range.

TM 5-3805-260-24
CAUTION
Do not use the engine in service with the cap
removed from the nozzle. The fuel will drain
into the crankcase and the result will be thin
oil (oil dilution). Also a new 1H1023 Seal
must be used when the cap is installed.

FUEL SETTING

Tools Needed:
5P4203 Field Service Tool Group

The procedure that follows for fuel setting can be
done with the housing for the fuel injection pumps
either on or off the engine.

REMOVAL OF COVER
1. Shut-off solenoid. 2. Cover.

CAUTION
Before any service work is done on this fuel system,
the outside of the housing for the fuel injection
pumps and all parts connected to it must be
especially clean.

1Remove shut-off solenoid (1) and cover (2).

2. Put the 5P298 Zero Set Pin (5), with 17.8507 on it,
in the pump housing.

INSTALLATION OF COVER
3. 5P4226 Adapter. 4. 3J6956 Spring. 5. 5P298 Zero
Set Pin, with 17.8507 on it.



3. Put adapter (3) and spring (4) over zero set pin
(5). Use a | D4533 Bolt and a ID4538 Bolt to
fasten adapter (3) to the housing for the fuel
injection pumps.

4. Put screw (6) in the hole over pin (5) and spring

(4).

INSTALLATION OF SCREW
6. 857271 Screw.

5. Turn screw (6) clockwise until pin (5) is held
against the housing for the fuel injection
pump. DO NOT tighten screw (6) too tight.

6. Put clamp (7) in adapter (3).

7. Move the governor control lever to FULL. LOAD
position.

ASO52z4X1

INSTALLATION OF CLAMP
3. Adapter. 7. 3P1565 Collet clamp.

8. Put 5P6531 Point (9) on dial indicator (8). Put the
indicator assembly in clamp (7).

9. Adjust dial indicator (8) so both pointers (10) are
on "QO" (zero).

10. Use French (11) to turn the 8S7271 Screws (6)
counter clockwise. Turn screws (6) six or
more turns.

11. Put the clip end of the 854627 Circuit Tester to a
good ground. Put the other end of the
854627 Circuit Tester on the load stop
contact.
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INSTALLATION OF DIAL INDICATOR
7. 3P1565 Collet Clamp.8. 3P1567 Dial Indicator.9.
5P6531 Contact Point, 2.25In. (57.2 mm) long.

INDICATOR SET ON ZERO

8. 3P1567 Dial Indicator. 10. Pointers.

LOOSENING SCREW (6)

11. 5P4205 Wrench.
12. Move the governor control lever to the LOW
IDLE position.

13. Move the governor control lever slowly toward
the HIGH IDLE position until the continuity
light just comes on. Make a note of the
reading on dial indicator (8). Do this step
several times to make sure the reading is
correct.
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854627 CIRCUIT TESTER
Make a comparison of this reading and the fuel
setting in the RACK SETTING INFORMATION.
If the reading on dial indicator (8) is not correct,
do the following.

14.

15.

Load Stop Adjustment
a. Use wrench (18) and loosen locknut (19).

ATEIIINT

ADJUSTMENT OF FUEL SETTING
16. Screwdriver. 17. Adjustment screw. 18. Wrench.

b. Use screwdriver (16) to turn adjustment
screw (17) until the reading on dial indicator
(8) is the same as the dimension given in
the RACK SETTING INFORMATION.

c. When the adjustment is correct, tighten
locknut (19). Check the adjustment again
by doing Steps Il through 15 again.

d. Remove the test tools. Install cover (2) and

shut-off solenoid (1).
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ADJUST | MNT SCREW FOR FUEL SETTING
17. Adjustment screw. 19. Locknut. 20 Load stop

pin.
Leaf Type Torque Spring

a. Write down the dimension that is on dial
indicator (8).

b. Write down the dimension given in the
RACK SETTING IN'FORMATION.

c. Remove the test tools [adapter (3), spring
(4), and dial indicator (8)] from the housing
for fuel injection pumps.

12 [_—L
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LEAF TYPE TORQUE SPRING
12. Location of shims. 13. Stop bar. 14. Leaf type
torque spring. 15. Load stop pin.

d. Install or remove shims at location (12) to
get the correct dimension as given in the
RACK SETTING INFORMATION. The
difference between the dimensions in (a)
and (b) is the thickness and amount of
shims to remove or install to get the correct
setting.

e. Install the correct amount of shims (12)

torque spring (14), and stop bar (13) on the
housing for the fuel injection pumps.



f. Install the test tools and do the test
procedure again. Do this until the
dimension on the dial indictor is the same
as the dimension given in the RACK
SETTING INFORMATION. After the fuel
setting is correct, remove the test tools.
Install cover (2) and shut-off solenoid (1).

CROSSOVER LEVERS

Tools Needed:
3P1546 Calibration Pin, 5P4206 Wrench,
5P4209 Gauge, 5P7253 Socket Assembly.

Checking Crossover Levers
NOTE: The cross over levers normally do not need
checking unless one or more of the following conditions
exist (after the timing is checked and the other
corrections shown in TROUBLESHOOTING GUIDE
have been made):
A. The engine produces too much black
smoke.
B. The engine runs
delivery is not even.
C. Some cylinders continue to fire at fuel shut
off position.
D. The complete injection group is being
reconditioned.

rough because fuel

CAUTION
Before any service work is done on this fuel
system, the outside of the injection pump
housing and all parts connected to it must be
clean.

1. Remove the fuel shutoff solenoid (l), top
cover (2) of the fuel pump housing and the
cover over the torque control group.

2. Remove the fuel that is in the injection
pump housing and the governor housing.

REMOVAL OF COVERS
1. Shut-off solenoid. 2. Top cover.

TM 5-3805-260-24

3. Put the 3P1546 Calibration Pin (3) in
calibration hole as shown.

4. Install the 5P4226 Adapter (7) as shown.
Fasten it in position with a 1 D4533 bolt (5)
and a 1 D4538 bolt (6).

i
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INSTALLING CALIBRATION PIN
3. 3P1546 Calibration Pin with 15.9410 on it.

: L] 1 - 5 . Sy

INSTALLING 5P4226 ADAPTER AND
857271 SCREW

4. Screw. 5. 1D4533 Bolt. 6. 1D4538 Boll. 7.

5P4226 Adapter.

A3RBIINI|
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ADJUSTMENT OF LOW IDLE SCREW
8. Low idle screw. 9. Lever.
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Putt the 857271 Screw (4) (Setscrew) in
the hole over calibration pin (3). Tighten
the setscrew (4) to 20 to 25 Ib. in. (2.3 to
2.8 N m) with the 2P8264 Socket.

Adjust low idle screw (8) to position lever
(9) to .35 + .04 in. (8.0 + 1.0 mm) from
governor housing boss.

i LAZ!.1d58X1

CROSSOVER LEVERS

10. Crossover lever. 11. Crossover lever. 12. Dowel

7.

A32593:1

and slide levers (A) out of
¥ 'I.' T i -

pin. A. Sleeve levers.
Loosen the bolts that hold sleeve levers (A)
t_rlle way.

e
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INSTALLING 5P4209 GAUGE

13. 5P4209 Gauge. 14. Shaft. 15. Shaft.

8.

10.

Put gauge (13) on shafts (14) and (15).
Slide gauge (13) toward crossover levers
(10) and (I1) until dowel pin (12) goes into
hole in gauge (13).

If dowel pin (12) must be lifted to go into the
hole in gauge (13), the levers must be
adjusted. @ See  ADJUSTMENT  OF
CROSSOVER LEVERS.

If gauge (13) must be lifted more than .008
in. (0.20 mm) to let dowel pin (12) go into
the hole in gauge (13), see ADJUSTMENT
OF CROSSOVER LEVERS.
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11. To check the maximum clearance of .008
in. (.020 mm) that is acceptable under one
side of gauge (13), hold the center and one
side of gauge (13) against sleeve lever
shaft (15). Use a feeler gauge to check
clearance. Torque for bolts that hold

sleeve levers (A) is 24 + 2 Ib. in. (2.8 +0.2
N-m).

AJ2594%1
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CHECKING CLEARANCE OF CROSSOVER LEVER
13. 5P4209 Gauge. 16. Feeler gauge.

NOTE: .After the checking of the crossover levers is
complete, the trio fuel injection pumps must be calibrated
where sleeve levers been moved to install 5P4209
Gauge. See FUEL PUMP CALIBRATION.

Adjustment of Crossover Levers

1. Remote the fuel shutoff solenoid ( ) top
cover (2) of the fuel pump housing and the
cover over the torque control group.

2. Remote the fuel that is in the injection pump
housing and the governor housing.

3. Put the 3P1546 Calibration Pin (3) in
calibration hole.

f’cn.:.jaﬁmﬂ

CROSSOVER LEVERS
10. Crossover lever.11. Crossover lever.12. Dowel
pin.
A. Sleeve levers.



4. Install the 5P4226 Adapter (7). Fasten it in
position with a 11D4533 Bolt (5) and a
1D4538 Bolt (6).

5. Adjust lows idle screw (8) to position lever
(9) to .35 + .04 in. (8.0 + 1.0 mm) from

governor housing boss.
6. Loosen the bolts that hold sleeve levers (A)
and slide levers (A) out of the way.
i
. &

'm I"i! g
ED
12. Dowel

5P4209 GAUGE INSTALL
11. Crossover
Gauge.
7. Loosen the bolts that hold crossover
lever (10) and (11) and move lever (10)
off dowel pin(12).
\

lever. pin. 13. 5P4209

LEVERS
13. Gauge. 14. Shall. 15. Shaft. 16. 5P4206 Wrench.
8. Put gauge (13) on shafts (14) and (15), put
crossover lever (11) in a position so dowel
pin (12) will fit in gauge hole. Hold gauge
(13) down and torque the bolt that holds
crossover lever (1) to 24 + 2 Ib. in. (2.8 +
0.2 Nem).
9. Check adjustment again with the 5P4209
Gauge (13). Put gauge (13) on shafts (14
and 15), slide gauge toward crossover lever
(11) to engage dowel pin (12) into hole in
gauge (13).
If dowel pin ( 12) must be lifted to go into
gauge, the lever must be adjusted again. If
gauge (13) is lifted, a maximum of .008 in.
(0.20 mm).

10.
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clearance is acceptable under one side of

gauge (13). Use a feeler gauge to check
clearance.

11. Slide crossover lever (10) on to dowel pin

(12). Torque the bolt that holds crossover

lever (10)to 24 + 2 Ib. in. (2.8 + 0.2 Nem).

TIGHTENING BOLT
10. Crossover lever. 12. Dowel pin. 16. Wrench.

12. Check the adjustment again with the
5P4209 Gauge.
NOTE: After the adjustment of the crossover levers is
completed, all of the fuel injection pumps must
be calibrated. See FUEL PUMP .
FUEL PUMP CALIBRATION
Tools Needed:
Tool Group.
852243 Wrench*.
5P4226 Adapter’
5P4205 Wrench’
5P4206 Wrench"*
1D4533 Bolt
1D4538 Bolt*
8S7271 Screw*
5P7253 Socket Assembly*
6V190 Clamp**
*Part of 5P4203 Tool Group
**Not part of a Tool Group

NOTE: 3P1540 Calibration pump must have the
5P6557 Spring installed instead of the IP7377
Spring.

Checking Fuel Pump Calibration
The following procedure for fuel pump calibration can be
done with the housing for the fuel injection pumps either
on or off the engine.
CAUTION
Before any service work is done on this fuel
system, the outside of the injection pump
housing and all parts connected to it must be
clean.
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3P2200 TOOL GROUP
1. 3P1540 Calibration Pump. 2. 4N218 Bushing.
3.1P7379 Microgage. 4. 3P1568 Dial Indicator with
3P2226 Collet. 5. 5P6510 Box. 6 3P1545 Calibration
Pin with 17.3734 on it, (in-line engines). 7. 3P1546
Calibration Pin with 15.9410 on it. (Vee engines). 8.
159836 Wrench.

1. Remove the fuel shut-off solenoid (9), top
cover (1) of the fuel pump housing and the
cover over the torque control group.

2. Remove the fuel that is in the injection pump

housing and the governor housing.

10
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REMOVAL OF COVERS
9. Shut-off solenoid. 10. Top cover.
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INSTALLING CALIBRATION PIN
7. 3P1546 Calibration Pin with 15.9410 on
it.
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Install 3p1546 Calibration pin (7) in the

calibration hole.

4. Install 5P4226 Adapter (13) as shown.
Fasten it in position on the injection pump
housing with a 1D4533 bolt (12 and a
ID4538 bolt(14).

5. Put XS7271 Screw (11) in the hole over

calibration pin (7). Tighten screw (11) to 20

to 25 Ib. in. (2.3 t0 2.8 Nem).

11. Screw. 12 1D4533 Bolt. 13. 5P4226 Adapter. 14.
1D4538 Bolt.

6. Adjust low idle screw (15) to position lever
(16) to .35 + .04 in. (8.0 + 1.0 mm) from
governor housing boss.

ADJUSTMENT OF LOW IDLE SCREW
15. Low idle screw. 16. Lever.

7. Use the 852243 Wrench and remote the
fuel injection pumps to be checked.

NOTE: If pump is removed carefull3y, the sleeve will
remain on the plunger. If the sleeve fa