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STANDARD TORQUE FOR METRIC FASTENERS 

NOTE: Take care to avoid mIxing metric and inch dimensioned fasteners . Mis­
matched or Incorrect fasteners can result in vehicle damage or malfunction, or 
possible injury. Exceptions to these torques are gi ven in the SeTyice Manual where 
needed. 

NOTE: Prior to installation of any hardware, be sure components are in near new 
condition. Bolt and nut threads must not be worn or damaged. Hardware must be 
free afrust and corrosion. Clean hardware with a non-corrosive cleaner and apply 
cngine oil to threads and bea ring face. Iflhread lock or other compounds are to be 
applied, do not apply engin e oil. 

METRIC NUTS AND BOLTS 

THREAD 
SIZE STANDARD TORQUE 

(mm) (Nom) (Ib It) 

M6 12 + 3 9+2 

M8 28 ± 7 20 ± 5 

M10 55 ± 10 40 ± 7 

M12 100 + 20 75 + 15 

M14 160 ± 30 120±22 

M16 240 + 40 175 + 30 

M20 460 ± 60 I 340 ± 44 

M24 800 + 100 600 + 75 

M30 1600 ± 200 1200±150 

M36 2700 + 300 2000 + 225 

METRIC TAPER LOCK STUDS 

THREAD 
SIZE STANDARD TORQUE 

(mm) (N om) (Ib It) 

M6 8+3 6+2 

M8 17 ± 5 13 ± 4 

M10 35:t 5 26:t 4 

M12 65 + 10 48+ 7 

M16 110±20 80 ± 15 

M20 170 + 30 125 + 22 

M24 400 ± 60 300 ± 45 

M30 650 + 80 480 + 60 

M36 870 ± 100 640 ± 75 
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STANDARD TORQUE FOR INCH FASTENERS 

Exceptions to these torques are given in the Serv ice 
Manua l where needed . 

INCH NUTS AND BOLTS 
THREAD 

SIZE STANDARD TORQUE 

inch (N om) (Ib II) 

1/4 12 -+ 3 9+2 

5/16 2S ± 6 18.0 ± 4.5 

3/8 47 + 9 35 + 7 

7/16 70 -+ 15 50 + 11 

1/2 105 -+ 20 75 -+ 15 

9/16 160 + 30 120+20 

5/8 215 ± 40 160±30 
3/4 370 + 50 275 + 35 

7/8 620 ± 80 460 ± 60 

1 900 + 100 660 + 75 

1-1 /8 1300 ± 150 950 ± 100 

1-1/4 1800 + 200 1325 + 150 

1-3/8 2400 + 300 1800 + 225 

1-1 /2 3100 ± 350 2300 ± 250 

INCH TAPERlOCK STUDS 
THREAD 

SIZE 5T ANDARO TORQUE 

inch (Nom) lib II) 

1/4 8±3 6±2 
5/16 17 + 5 13 -+ 4 

3/8 35 ± 5 26 ± 4 

7/16 45 + 10 33 + 7 

1/2 65 ± 10 48 + 7 

5/8 110+20 80 + 15 

3/4 170 + 30 125 + 22 

7/8 260 + 40 190 + 30 

1 400 + 60 300 + 45 

1-1/8 500 ± 70 370 ± 50 

1-1/4 650 + 80 480 + 60 

1-3/8 750 ± 90 550 ± 65 

1-1 /2 870 + 100 640 + 75 
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I O-RING FACE SEAL FITTINGS 

O-RING FACE SEAl FITTING 
O-R ING GROOVE 

r- ..... --II 
-

~ STRAIGHT THREAD 0-""" POOT 
-

O-RING FACE SEAL NUT O-R ING FITTING END 

STRAIGHT THREAD O-RING 
FiniNG (FOR O-RING FACE 

SEAL FiniNG ONLY) 
THREAD 

SIZE STANDARD TORQUE 

Inch (Nom) (Ib II) 

5/16 - 24 5.0 + 1.5 45 + lS lb in 

3/8 - 24 12 + 2 110+201b in 

7/16-20 20 + 4 15 + 3 

1/2 - 20 30+ 5 22 + 4 

9/16 - 18 40+ 5 30 + 4 

3/4 - 16 100 + 15 75 + 10 

7/8 - 14 135 + 15 100'+ 10 

11 /1 6 - 12 200 + 25 150 + 20 

13/1 6 - 12 250 + 25 185 + 20 

15/16-12 300 + 40 225 + 30 

15/8-12 300 + 40 225 + 30 

17/8-12 300 + 40 225 + 30 

21/2- 12 300 + 40 225 + 30 

O-RING FACE SEAL FiniNG NUT 
THREAD 

SIZE STANDARD TORQUE 

inch (Nom) (Ib II) 

9/16 - 18 16 + 3 12 + 2 

11 /16 - 16 30 + 4 22 + 3 

13/16 - 16 50 + 7 37 + 5 

1 - 14 90 + 10 65 + 7 

13/16 - 12 120 + 15 90 + 10 

17/16-12 160 + 20 120 + 15 

111 /1 6 - 12 190 + 20 140 + 15 

2 - 12 215 + 25 160 + 20 
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I FITTING INSTALLATION 

HYDRAULIC LINE INSTALLATION 

I. For a metal tube to hose insta ll ation. install the 
tube and lighten all bolts finger tight. 

2. Tighten Ihe bolts al the rigid end. 

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

4. Pullhc hose in a position so that it does not make 
contact wi lh the machi ne or another hose. 

5. Tighten the bolts on both connections. 

6. Start the engi ne. 

7. Move the implement control levers to all 
IXlsitions. 

8. Look at the hose during movement of the imple­
me nt. Make sure hose is nol in con tact with the 
machine or other hoses. 

9. Shut off the engi ne. 

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

ASSEMBLY OF FITIINGS WITH STRAIGHT 
THREADS AND O-RING SEALS 

T hi s type offitt ing is used in many applications. The 
tube end or the fitt ing will be di lTcrcnl in design so that 
it can be used in many different applicalions. How· 
ever, the installation proced ure of the fitt ing is the 
same. If the tube end ofl he fitting hody is Ihcsumc as 
in the illustration (either an elbow or a slraight body) il 
will be necessary to assemble Ihe sleeve on Ihe luhe 
before connecting the tube to the end. 
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---6 
ELBOW BODY ASSSMBL Y 

1. Endof f ining body (connecl5lo tube). 2. Fining body. 3. Lock· 
nut. 4. B8Ckup wuhet. 5. O-ring !Ie81. 6. End of fining 11181 goes 
inlo other pl'Irt 
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I. Put locknut (3). backup washer (4) and O-ring seal 
(5) as far back on fitting body (2) as possible . Holtl 
these components in this position. T urn the fitting 
inlO Ihe parI it is used on until backup washer (4 ) 
just ma kes contact wi th the fuce of the part it IS 

used on. 
2. To putlhc fitting assembly in its correct position , 

turn Ihe fitting body (2) out (counterclockwise) a 
maximum of 359°. Tighten locknut (3) to the 
torque shown in the correct cha rt fo r the f itting 
used. 

NOTE: If the fitt ing is a connector (straight fitling), 
the hc .~ on the body takes the place of the locknut. To 
insta ll thi s t ype filling, ti ghten the hex against Ihe faec 
of the part it goes into. 

TORQUES FOR FLARED AND O-RING FITIINGS 

The torques shown in the charts that follow arc to be 
used on the nut pan of 37· Flared, 45" Flared and 
Inverted Flared fittings (when used with steellubing). 
O-ring plugs, O·ring fittings and swivel nuts when used 
in applications to 3000 psi (20 700 kPa). 

HOSE CLAMP - BAND TYPE 

CLAMP TORQUE ON RETIGHTENING 
WIDTH NEW HOSE TORQUE 

7.9 mm 0.9 ± 0.2 N· m 0.7 ± 0.2 Nom 
(.312 in) 8 ± 21b in 6 ± 2 Ib in 

13.5 mm 4.5 ± 0.5 Nom 3.0 ± 0.5 Nom 
(.531 in) 40±5 1bin 25±Slbin 

15.9 mm 7.5 ± 0.5 N-m 4.5 ± 0.5 Nom 
(.625 in) 65±51bin 40±51bin 



37° FLARED AND STRAIGHT THREAD O-RING FITTINGS 

88n ~~ m 
O-RING 

n ° FLAREO FITTING - PLUG SWIVE L NUTS 

37° FLARED AND STRAIGHT THREAD O-RING FITTINGS 
(EXCEPT C-RING FACE SEAL FITTINGS) 

THREAD 
NOMINAL TUBE 0.0. SIZE STANDARD TORQUE 

METRIC INCH inch 

3.18 .125 5/16 
4.76 .188 3/8 
6.35 .250 7/16 
7,94 .312 1/2 
9.52 .375 9/16 
9.52 .375 5/8 

12.70 .500 3/4 
15.88 .625 7/8 
19.05 .750 1-1/16 

22.22 875 1-3/16 

25.40 1.000 1-5/16 
31.75 1.250 

38 .1 0 1.500 

50.80 2.000 

TIGHTENING OTHER FITTINGS 

Hi Duty (Shear Sleeve) Tube Fittings 

After tube has been pu t through the nut and makes 
contact against the tube shoulder in the fitting body, 
turn the nut with a wrench until a small decrease In 

torque is felt. This is an indication that the sleeve has 
been broken off the nuL Hold the tube to prevent 
turning and tighten the nut 1-112 turns. 

Hi Seal Finings 

Put nut and sleeve over the tubing with the shan 
heavy end of the sleeve facing the end of tubing. Put 
the tube end against the countcrbore 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 
fitting is removed and installed again. 

1-5/8 

1-7/8 

2-1 /2 

(N -m) (Ib tt) 

5.0 ± 1.5 4±1 

11.0 + 1.5 8 +1 

16 ± 2 12 ± 1 

20 ± 5 15 ± 4 

25 + 5 18 + 4 

35 ± 5 26 ± 4 

50 + 7 37 + 5 

55·:!: 7 48 ± 5 
100 + 10 75 + 7 
120 ± 10 90 ::!: 7 

135 + 15 100+11 

180 ± 15 135 + 11 

225 ± 15 165 ± 11 

320 + 30 240 + 22 



45° FLARED AND 45° INVERTED FLARE FITTINGS 

4S" FLARED 

45° FLARED AND 45° INVERTED FLARE FITIINGS 

THREAD 
NOMINAL TUBE 0 .0 . 

METRIC INCH 

3. 18 .125 

4 .76 .188 

6.35 .250 

7.94 .312 

9.52 .375 

11 .11 .438 

12.70 .500 

15.88 .625 

19.05 .750 

22.22 .875 

TIGHTENING OTHER FITTINGS 

Ermeto Tube Fittings 

Put nut and sleeve over the lu be with head or shoul­
der end of sleeve next to nut. Push tube into coun tCf­
bore offi ll ing body as far as possible. Turn nul cloc k­
wise unti l sleeve holds tube a nd prevents movement. 
Tighten the nul 1-1 /4 turns morc to seat sleeve and 
give a locking act ion. When necessary to assemble 
again , put sleeve over tube and tighten nut until a 
sudden in crease in torq ue is felt. Then tighten 1!6 to 
113 turn morc to seat the sleeve. 

FJex FiHings 

Put nut and slecve ovc r the tubi ng a nd push tube 
into cou ntcrborc of filli ng body as far as possible. 
Tighten the nut unt il it is against the hex part of the 
filling body. 

SIZE 
indl 

5/16 

3/8 
7/16 

1/2 

5/8 

11/16 

3/4 

7/8 
1-1/16 

1-1 /4 
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STANDARD TORQUE 

(Nom) (Ib tt) 

5.0 ± 1.5 4 + 1 

B.O ± 1.5 6:!:1 

11 + 2 8 + 1 

17 ± 3 13 ± 2 

30 + 3 22 + 2 

30 ± 3 22 ± 2 
38 + 4 28 + 3 
50 + 5 37 + 4 

90 :!: 8 65:!: 6 
100 + 10 75+ 7 



AIR CONDITIONING AND TAPERED PIPE THREAD FITTINGS 

Q..R IIiG 

AIR CONDITIONING FITTINGS I 
O-RING FITTING END 45" FLARE FiniNG END 

STEEL TUBES ALUMINUM TUBES 
THREAD 

STANDARD TORQUE STANDARD TORQUE SIZE STANDARD TORQUE 

Inch N·m (Ib It) N·m (Ib It) N'm ~b It) 
5/8 - 18 18 + 4 13 + 3 30 + 3 22 + 2 23±3 17+ 2 

3/4 - 16 37:!: 4 27::!: 3 52 ± 5 38 ±4 33±4 24 + 3 

7/8 - 14 40 + 4 30 + 3 60 +7 44 + 5 38 + 4 28 + 3 
11/16-14 45 + 5 33 + 4 75 + 8 55 +6 50 + 5 37 + 4 

TAPERED PIPE THREAD FITTINGS 

STANDARD TORQUE 
PIPE 

THREADS WITH THREADS WITHOUT THREAD 
SIZE 1 E2200E SEALANT SEALANT 

inch N'm (Ib It) N'm (Ib It) 

1/16- 27 15 11 20 15 
1/8-27 20 15 25 18 

1/4-18 25 18 35 26 

3/8-18 35 26 45 33 

1/2- 14 45 33 60 45 
3/4 -14 60 45 75 55 

1-111 /2 75 55 90 65 



Important Safety Information 

Most accidents involving product operation, maintenance and repair are t;aused by fature to observe 
baSIC safety rules or ptecautioos. An accident can often be avoided by recognizing I?9tenlially . 
hazardous situations before an accident occurs. A person must be alert to potential hilzards. This 
person should also have the necessary training, skills and tools \0 perform these funclions proper1y. 

Improper operation, lubrication, maintenance or repair of this product can be ldangerous and 
could result in injury or death. 

Do not operate or perform any lubrication, maintenance or repair on this pr~uct. until you 
have read and understood the operation, lubrication, maintenance and repair! intonnation. 

Safety precautions and warnings are provided in this manual and on the product . If th se hazard 
warnings are not heeded, bodily injury or death could occur to you or other persons. 

The hazards are identified by the "Safety Alert Symbol" and fotlowed by a "Signal Warp' such as 
"WARNING" as shown below. 

A WARNING 

The meaning of this safety alert symbol IS as fOllows: 

Attention! Become Alert! Your Safety is Involved. 

The message that appears under the warnIng, explalnlrlg the hazard, can be either w~lIen or pictorially 
presented 

Operations that may cause product damage are identified by NOTICE labels on the P{oduct and in this 
publication. 

Caterpillar cannot anticIpate every possibte CIrcumstance thai mIght invotve a potenti hazard. The 
warnIngs in this publication and on the product are therefore not all inclusive. If a tool, procedure, work 
method or operating technique not specifically recommended by Caterpillar is used, must satisfy 
yourself that it is safe for you and others. You should also ensure thai the product will not be damaged 
or made unsafe by the operation, lubrication, maintenance or repair procedures you oose. 

The Information, specifications, and illustrations in this publication are on the basis 01 formation 
available al the time it was written. The specificatIOns. torques, pressures, measure nts, adjustments, 
illustrations, and other items can change at any time. These changes can affect the s Nice given to 
the product. Obtain the complete and most currentrnformation before starting any iO~. Caterpillar 
dealers have the most current information available. For a list of the most current publIcation form 
numbers available, see the Service Manual Contents Microfiche, REG! 139F. 



A WARNING 

SAFETY 

A WARNING 

Improper performance of lubrication or mainte­
nance procedures is dangerous and could result 
in injury or death. Read and understand the lu­
brication and maintenance procedures, recom­
mended by Caterpillar, that are outlined in the 
OPERA nON MAINTENANCE GUIDE and/or OW­
NER'S MANUAL for this product before perform­
ing any lubrication or maintenance. 

Do not operate this product unless you have 
read and understood the instructions. Improper 
operation is dangerous and could result in injury 
or death. 

The servicema n or mechanic may be unfamiliar 
with many of the components and systems of this 
product. This makes it important to use caution when 
performing service work. A knowledge of the system 
andlor components is important before the removal or 
disassembly of any component. 

Because of the size of some components, the service­
man or mechanic should check the weights noted in 
this Manual. Use proper lifting procedures when re­
moving any components. 

'Following is a list of basic precautions that should 
always be observed. 

1. Read and understand all Warning plates and de­
cals before operating, lubricating or repairing this 
product. 

2. Make sure the work area around the product is 
made safe and be aware of hazardous conditions 
that may exist. 

3. Always wear protective glasses and protective 
shoes when working. In particular, wear protec­
ti ve glasses when a hammer or sledge is used for 
pounding to make repairs. Use welders gloves, 
hood/goggles, apron and other protective clothing 
appropriate to the welding job being performed. 
Do not wear loose-fitt ing or torn clothing. Re­
move all rings from fingers when working on 
machinery. 
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4. If an engine must be started to make pressure or 
speed checks, be sure all guards and shields are 
installed. To help prevent an accident caused by 
parts in rotation, work carefully around machin­
ery that has been put into operation. 

S. If an engine has been running and the coolant is 
hot , loosen the fillercapslowly and let the pressure 
out of the cooling system, before a.ny caps, plugs or 
lines are removed or disconnected. 

6. Corrosion inhibitor contains alkali. A void contact 
with eyes. Avoid prolonged or repeated contact 
with skin. Do not take internally. In case of con­
tact, immediately wash skin with soap and water. 
For eyes, nush with large amounts of water for at 
least I S minutes. CALL PHYSICIAN. KEEP 
OUT OF REACH OF CHILDREN. 

7. Do not smoke when an inspection of the battery 
electrolyte level is made. Never d isconnect any 
charging unit circuit or battery circuit cable from 
the battery when the charging unit is operating. A 
spark can cause an explosion from the flammable 
vapor mixture of hydrogen and oxygen that is re­
leased from the electrolyte through the battery out­
lets. Do not let electrolyte solution make contact 
with skin or eyes. Electrolyte solution is an acid. In 
case of contact. immediately wash skin with soap 
2nd water. For eyes, flush with large amounts of 
water for at least 15 minutes. CALL PHYSICIAN. 
KEEP OUT OF REACH OF CHILDREN. 

8. Disconnect battery and discharge any capacitors 
before starting any repair work. Hang "'Do Not 
Operate" tag in the Operator's compartment or on 
the controls. 

9. Do not work on anything that is supported only by 
lift jacks or a hoist. Always use blocks or proper 
stands to support the product before performing 
any service work. 

10. Relieve all pressure in air, oil or water systems 
before any lines, fittings or related items are dis­
connected or removed. Be alert for possible pres­
sure when disconnecting any device from a system 
that utilizes pressure. Do not check for pressure 
leaks with your hand. High pressure oil or fuel can 
pierce the skin. 



11. Never bend a fuel injection line, or install a line 
which has been bent. Keep the fuel injection lines 
and connections clean. Be sure to install caps and 
covers anytime a line is removed or disconnected. 

12. During service work, do not hit the fuel injection 
lines with wrenches or other tools. When lines are 
installed, use the correct torque to tighten connec­
tions and be sure all clamps and dampers are cor­
rectly installed. 

13. Make sure all fuel injection lines and pressure oil 
lines have enough clearance to prevent contact 
with any other component. Do not put any fuel or 
oil lines close to a hot component. 

14. To avoid back injury use a hoist or get help when 
lifting components which weigh 23 kg (50 lb.) or 
more. Make sure all chains. hooks, slings, etc., are 
in good condition and are of the correct capacity. 
Be sure hooks are positioned correctly. Lifting 
eyes arc not to be side loaded during a lifting 
operation. 

15. To avoid burns, be alert for hot parts on products 
which have just been stopped and hot fluids in 
lines. tubes and compartments. 

16. Be careful when removing coyer plates. Gradually 
back ofT the last two bolts or nuts located at oppo­
site ends of the cover or device and pry eover loose 
to relieve any spring or other pressure, before re­
moving the last two bolts or nuts completely. 

17. Be careful when removing filler caps, breathers 
and plugs on the product. Hold a rag over the cap 
or plug to prevent being sprayed or splashed by 
liquids under pressure. The danger is even greater 
if the product has recently been stopped because 
fluids can be hot. 

18. Always use tools that are in good condit ion and be 
sure you understand how to use them before per­
forming any service work. Use only Caterpillar 
replacement parts. 

19. Reinstall all fasteners with same part number. Do 
not use a lesser qualit y fastener if replacements are 
necessary. 

20. Before doing electrical work, disconnect battery. 
Do not damage wiring during removal operations. 
Reinstall the wiring so it is not damaged nor will it 
be damaged in operation by contacting sharp cor­
ners, or by rubbing against some object or hot 
surface. Do not connect wiring to a line containing 
fluid . 
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21. 

22. 

23. 

RepalfS which require 
formed only with the 
reference information and 
Iy trained and 
dures. Make reference to 

should be 
the 

prace-

al Repair Course" form number SEGV2S49. 
Determine type of metal being welded and select 
correct welding procedure Ilnd electrodes, rods or 
wireto pray ide a weld metal strength equivalent at 
least to that of parent metal. 

Be sure all protective deYiC~S including guards and 
shields are properly install d and functioning cor­
rectly before starting a rep , ir. If a gua.rd or shield 
must be removed to perform the repair work, use 
extra caution. After the re~air is completed , rein­
stall any guard or shield t~at was removed. 

Caution should be used tQ avoid breathing dust 
that may be generated wheq handling components 
containing asbestos fibers . If this dust is inhaled, it 
can be hazardous to your health . Components in 
Caterpillar products that ~ay contain asbestos fi­
bers are brake pads, brake ~and and lining assem­
blies, clutch plates and some gaskets. The asbestos 
used in these components is usually bound in a 
resin or sealed in some wat Normal handling is 
not hazardous as long as airborne dust which con­
tains asbestos is not generated. 

Ir dust which may contain aSFstos is present, there 
are seyeral common sense guidelines that should be 
followed. I 

a. Never use compressed at for cleaning. 

b. Avoid brushing or grinding of asbestos contain­
ing materials. 

c. For clean up, use wet ipethods or a vacuum 
equipped with a high efficiency particulate air 
(HEPA) filter. 

d. Use exhaust ventilation on permanent machin­
ing jobs. 

e. Wear an approved respirator if there is no other 
way to control the dust. 

f. Comply with applicable rules and regulations 
for the work place (for e~ample in the U.S.A., 
OSHA requirements as set forth in 29 CFR 
1910.1001). 

g. Follow environmental rules and regulations ror 
disposal of asbestos. 

h. Avoid areas where asbes os ottrticles may be in 
the air. 

+ 
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NOTE: Refer to the complete Service Manual for information 
not found here. 

A 'Co in the lell margin IS an indication of a change from the 
former issue. 

Introduction 

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

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

When the word ' permissible" is in the description, the 
specification given is the 'maximum or minimum" tolerance 
permitted before adjustment, repair and/or new paris are 
needed. 

A comparison can be made between the measurements 01 a 
worn part and the specification 01 a new part to find the 
amount 01 wear. A part that is worn can be sale to use If an 
estimate 01 the remainder of lis service til e is good. II a short 
service life is expected, replace the part 

NOTE: The specification given for 'use again" and 
"permissible" are intended for guidance only and Caterpillar 
Inc. hereby expressly denies and excludes any 
representation, warranty or implied warranty of Ihe reuse of 
any component. 

Index 



Specifications 

Engine Design 
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Cylinder, Valve And Injection Pump Localion 

L 

Bore .......... ... .......................... . ............. 114.3mm(4.Sin) 

Stroke . . ...... ..... 127.0mm (5.0 in) 

Number Of Cylinders ., ............. "........... ..... .......... B 

Cylinder Arrangement ............... " ...... " .... . __ .... .. ... 90"V 

Firing Order (Injection Sequence) ....... 1,2,7,3,4,5,6,8 

Direction Of Rotation (As Seen From Flyvvheel 
End) ...................... ._ .. _._ ......................... Counterclockwise 

Fuel Injection Pump 

Firing order (injectiorl sequence) . . .... ..... 1,2,7,3,4,5,6,8 

Injection timing BTC (before lop center): 

Engines with lW6742 Fuel Pump Group ._ .. . _ ........... 8 ± 1° 

Engines with 7C8966 and 7W5479 Fuel Pump 
Groups. ._ ...... ........................ , ............................ 10± 10 

Engines with 7E9890 Fuel Pump Groups .. .............. 1'.5± 10 

Engines with 7C8968, 7C8969, 7C8970, 7C8971 and 4P42fiO 
Fuel Pump Groups ................................. 12.5 ± 1 ~ 

All other engines _ .... _ .... ............................. ............ ...... lS± 1G 

Torque for the nuts that hold the fuel lines (Use 5P0144 Fuel 
Line Socket) .......... .... ... ..................... 40 ± 7 Nom (30 ± 51b tt) 
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(1) Bote in the rear bearing for the camshaft 
(new) ___ .. _ ............ 60.325 ± O.013mm (2.3750± .(XXlS in) 
Diameter of rear bearing surface (journal) 01 the 
camshaft (new) .................................. 60.249 ± 0.013 mm 

(2.3720 ± ,(XXl5 in) 
Maximum permissible clearance between the bearing 
and the camshaft bearing surface Uournal) 
(worn) ............. ............................. . 0_15 mm (.006 in) 

(2) Torque for screws that hold sleeve control 
levers .......................... .......... 2.8±O.2 Nom(24±2Ibin) 

(3) Bore in the housing for the fuel control shaft 
(new) ........ .............. 8.999 ± 0.013 mm (.3543 ± .!XX)5in) 
Diameter of sleeve control shaft 
(new) .............. _ ...... 8.966 ± 0.008 mm (.353O ± .0000 tn) 
Maximlfll permissible clearance between the bore in the 
housing and the sleeve control shaft (worn) .... . 0.08 mm 

(.003 in) 

(4) End play for camshaft with sleeve installed 
(new) .. ........................... , 0.58 ± 0.46 mm (.023 ± .018 in) 

NOTE: When installing sleeve on end of camshaft, support 
the camshaft to prevent damage to parts inside of injectIOn 
pump and governor housing, 

(5) Bore in the front bearing for the camshall 
(new) .................. 25.413±0.013mm (l .0005± .(XXlSin) 
Diameter of front bearing surface (Journal) of the 
camshaft (new) .... 25.375 ± 0.013 mm {.9990 ± .(XXl5 in) 
Maximum permissible clearance between the bearing 
and the camshaft bearing surface (journal) 
(worn) .... ................. ....................... .... .. 0.,0 mm (.004 in) 

Specifi<:ations 
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(6) Torque for bushing ... _ ............... 82 ± 7 Nom (60 ± Sib It) 

(7) Crossover levers. 

NOTE: For adjustment of crossover levers, see the Testing 
And Adjusting Section. 

(8) Torque fOf screws that hold crossover 
levers .. ................................ 2.8 ± 0.2 Nom (24 ± 21b in) 

(9 and 10) Fuel control shaHs. 

(1 1) Dowel pin (linkage between crossover levers), 

(12) Distance guide pin extends into bore ....• 1.20 ± 0.10 mm 
(.047 ± .004 in) 

NOTE: Install guide pin with slot toward the top 01 the !iller 
bore. 

(13) 9N5862 Spring for injection pump: 
Length under test force ..•............ .... 35.13 mm (1.383 in) 
Test force .............................. 56.7 ±6.6 N (12.4 ± 1.4 lb) 
Free length aller test .............. 40.80mm (1.606 In) 
Outside diameter ...... ..... ..... .. 1849 mm (.728 In) 

A. Reverse Flow Check Valve (RFC) . 

B. Oriflced Delivery Valve (ODV). 

C. Onliced Delivery Valve · Lo Volume (OOV). 

O. Oriticed Reverse Flow Check Valve (OAFC). 

3208 Diesel Truck Engine 
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Governor 

A5069&-IPI 
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Governor Spring Chart 

Part No. (I) lW4925 (1) 6N2129 (1) 4N9226 

Color code (Stripes) One Purple Two Pink Two Green 

Put a force 17.79 N 8.90N 17.79 N 
on spring 01 (4.0 Ib) (2.0Ib) (4.0Ib) 

Then add more force 10 15.00 Ilm 17.78mm 17.7Bmm 
make Sprlflg shorter by (.590 in) (.700 in) (.700 In) 

59.82 ± 1.34 N 36.92 ± 0.89 N 67.61 ± 1.51 N 
Total test force (13.40 ± .30 Ib) (8.30 ± .20 b) (15.20 ± .34 Ib) 

38.97 ± 0.51 mm 44,20 ± 0.51 mm 44.20 ± 0 .51 mm 
Free length after test (1.534 + .020 in) (1.740+.020 in) (1.740± .02Oin) 

38.56 mm 37.84 mm 38.56 mm 
Outside diameter (1.518 in) (1.490 in) (1.518 in) 

Governor Spring Chari 

Part No. (1) 9L6508 (1) 7N3807 

Color code (Stripes) One Yellow Three Yellow 

Put a force 22.24 N 8.90N 
on spnng of (5.0Ib) (2.0Ib) 

Then add more force to 17.78 mm 15.24 mm 
J'118ke spring shorter by (.700 in) (,600 in) 

87,63 ± 2.31 N 27.SS±.53 N 
Total test force (19.70 + .52Ib) (6.20+ .121b) 

44.20 ± 0.51 mm 42.14 ± 0 .53 mm 
Free length after test (1.740± .02Oin) (1.659 ± .021 in) 

38.56mm 37.84 mm 
Outside diameter (1.518 in) (1.490 in) 

(4) Overfuellng Springs 

Part No. 4N0527 6N6662 

length under 8.71 mm 19.00mm 
test force (.343 In) (.748 in) 

0.85 ± O.08 N 0.84 ±O,08 N 
Test force (.19 ± .02Ib) (.189 ± .02Ib) 

Free length 18.29 mm 28.60 mm 
after last (,720 In) (1.126 in) 

Outside 9.14mm 9.14 mm 
diameter (.360 in) (.360 in) 

Colo, 
code (SIripe5) N"", One While 

(5) Torque for bolls lhal hold governor weight carrier to 
camshaft (earl ier) ...................... 14 ± 3 Nom (10 ± 21b fl) 
Torque for bolls thai hold governor weight carrier 10 
camshaft (later With thin bolt head) ........ 10.2± 1.1 Nom 

(90 ± 10 Ib in) 
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(1) lW6804 

Three Pink 

8.90 N 
(2.0Ib) 

15.24 mm 
(.600 In) 

27.58 ± .53 N 
(6.20 ± .12Ib) 

52.4±1.0mm 
(2.063 ± .039 In) 

37.84 mm 
(1.490 In) 

(1}4N6119 (1) 4N5661 

Three Green Two White 

13.34 N 13.34 N 
(3.0 Ib) (3.0 Ib) 

17.78 mm 17.78 mm 
(.700 In) (.700 in) 

SO.71 ± 1.16 N 56.94 ± 1.51 N 
(11 .40 ± .26 Ib) (12.80 ± .34lb) 

42. 14 ± 0.53 mm 44.20 ± 0.51 ITITl 

(1.659 ± .021 in) (1.740 ± .020 in) 

38.25 mm 38.25 mm 
(1.506 in) (1.506 in) 

(2) 4N5663 (3) 6N2517 

One Pink None 

4.45 N 8.90 N 
(1.0 Ib) (2.0IbJ 

17.78 mm 5.08mm 
(.700 in) (.200 in) 

20.02 ± .53 N 24.91 ± .80 N 
(4.SO ± ,12Ib) (5.60 + .18Ib) 

42.93 ± 0.51 mm 31.24 ± 0.51 mm 
(1.690 ± .020 In) (1.136± .020in) 

29.06 mm 14.83 mm 
(1. 144 In) (.584 In) 

Specifications 



Fuel Transfer Pump 

(1) Bypass valve: 
Fuel pressure at FULL LOAD, 205 ± 35 kPa (30 ± 5 psi) 

(2) 4N605 Spring fOf bypass valve: 

length under test fOfce ............... 22.35 mm (.880 in) 
Testloree .... 15.7±OBON(353±.18Ib) 
Free length alter lost. . 43.92 mm (1.729 in) 
Outside diameter 13.39 mm (.527 in) 

(3) ThICkness of gears (now) 9.489 ± 0 008 mm 
(.3736± .0003 In) 

Depth of counlerbore (new) ._ .. _. . ... 9.525±O 013 mm 
(.3750 ± .0005 In) 

(4) Diameter at shalt for Idler gear .. 12.482 ± 0.008 mm 
(.4914 ± .0003 In) 

Bore in idler gear ........ 12.512±O.OO8mm 
(.4926 ± .0003 In) 

(5) Put a thin layer 01 5S 1454 Sealing Compound on the 
outside diameter of the seals before installahon, Remove 
the extra sealing compound after assembly. 
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(6) Install innef seal from outside edge of body assembly to 
a distance of . 11.51±02Smm{453±OI0in) 

(7) InSlall outSIde seal from outSide edge of body assembly 
to a distance o f .......... _. Q.76±0.25mm(030±.Q1Q ln) 

Injection Nozzles 

9N3979 and 1W5829 

l Al2944?1 

Bench leSI nozzles usmg clean SAE ..867 CallbrallOfl 011 
(Kent·Moore CorP J·26400 or VISCor CalibratIOn FlUid 1487C­
SAE J·967C) al a temperalure o f .... , ... 1810 2O~C (65 to 70"F) 

Nozzle setting pressures (valve lift adjustment screw turned 
3/4 ± 1 j8 turn Irom closed poslilon) 

Used nozzle 1 Q 300 to 17690 kPa (1500 to 26(X) psi) 

Used, adJusled nozzle , ....... . 

Relurn 011 leakage lesl pressme 

165451017 690 kPa 
(2400 to 26(X) psi) 

.... 96301011 045 kPa 
(140010 1600 psi) 

Leakage In 15 seconds .... , NO minimum or maximum 

Maximum lip leakage IS 20 drops in 15 seconds wilh a 
pressmo of 1380 kPa (200 pSI) less Ihan opening pressure. 

(1) Torqueforvalvcr.ftlocknul, __ 401051 N' m 

(2) Torque for pressure screw locknut 

(35 10 451b in) 

.801091 N·m 
(70 10 80 Ib in) 

(3) Torque for cap _ ... , ... , 12.410 13.6N· m (110 10 12010 in) 

Specifications 



c 7000 Series Nozzle 

B46400Pl 

(1) Bleed screw. 

C18178P1 

Tighten bleed screws to the following torques: 

Bleed screw A . . .. .... ... .... 0.9 ± 0 . 1 N·m (8 ± l ib It) 
Bleed screw B." ..... .. .... .... .... . ' .8 ± 0.2 Nom (16 ± 2lbft) 
Bleed screws C and 0 ..... .. .. . 2.2 ± 0.8 N om (20 ± l ib ft) 

NOTE : All fuel injection line nuts ale lightened to a torque 
01 " .. "." .. _"", .. "" ....... , ......... _"". 42±7N o m(31 ±5 Ibit) 
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Fuel Filter Base 

A50697Pl 

o o 

o 
o 

(1) Pu19S3263 Thread Lock Compound on the threads of 
the tapered end of the stud to a distance of. , .. 7.6 mm 

(.30 in) 

(2) Sealing surface of stud. 

NOTE: Do not damage this surface, 

(3) Torque for stud .. .. , 70 ± 7 Nom (50 ± S ib It) 

(4) Distance from sealing surface of base to end of 
stud .. ........ ... ... .. ... .. .... ... ... .. .. . 24.6 ± 1.3 mm (.97 ± .05 in) 

Specifications 



Automatic Timing Advance Unit 

3.50 and 50 unit 

2 

, 

A08867P2 

End play between washer (2) and liming advance unit 
(1 ) .. . ... . ................. 0.08 100.94 rTYn (.00310 .037 In) 

(3) Torque for screw 7.9 ± 0.6 N ' m (70 ± Sib In) 

·Stake' (make a mark with a punch) screw (3) in two places. 
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Drive Gear For The Injection 
Pump 

71482-1Pl 

(1) Torque for the bolt that holds the drive gear to the 
camshalt of the injection pump 149 ± 14 N' m 

(110±1OIbft) 

Specifications 



c Camshaft 
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(1) Diameter of the surfaces (journals) for the camshaft 
bearings (new) .. 63.500 ±O.013 mm (2.5000 ±.0005 in) 

Bore in the jive bearings for the camshaft 
(new) . 63.589 ± 0.038 mm (2.5035 ± .OOI5 m) 
Maximum permissible clearance between bearing and 
beam19 surface (Journal) (worn) . . .. 0.18 mm (.007 In) 

(2) Tight fil between the gear and 
camshaft ..... ........... 0,030 to 0.071 mm (.0012 10 .0028 In) 

Maximum permissible temperature of the gear for 
Installation on the camshaft (do not use a torch) .. 315"C 

(600"FI 

(3) End play for the camshaft ...................... 0. 18 ± 0.08 mm 
(.007 ± .003 In) 

Maximum permissible end play (worn) 

(4) Width of thrust groove in camshaft 

.... 0.51 mm 
(.020 In) 

(new) ........... ......... ... 9.1 4 ± O,OS mm (.360 ±.002 in) 

Diameter of thrust Pin (new) ... ' .... , .. .. ...... 8.97 ± 0.03 mm 
(.353 ± .001 in) 

Torque for thrust pin ......... ..... .... 48 ± 7 N om (35 ± Sib It) 

(5) Height of camshaft lobes. 

To find lobe lift. use the procedure tnat follows: 

A. l\t1easure camshaft lobe height (5). 

B . Measure base circle (7). 

C. Subtract base circle (Step B) from lobe height (Step A). 
The d ifference is actual lobe lift (6). 
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VIEW A·A 

D. Specified camshaft lobe lift (6) is: 

9N5230 Camshaft used with roller lifters: 

A50699Pl 

a. Exhaust lobe ..... ... . ..... .... 9 .40 mm (.370 in) 
b . Intake lobe ....................................... 9.33 mm (.367 in) 

2'N4238 Camshaft used WIth flal face lifters: 

c. Exhaust lobe . . ..................... 9.40 mm (.370 in) 
d. Intake lobe ............. .. ... .......... 9.06mm (.357 in) 

Maximum permissible difference between actual lobe lift 
(Step C) and specified lobe lift (Step 0) is 0.25 mm (010 in). 

A91319PI 

Specifications 
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CamShaft Gear Assembly 

I 

VIew A-A 

(8) DIstance from the end of 9N5771 Dowel to the face of 
gear ... . ....... , ..... ' 11.81 ± 0,13 mm (.465 ±OO5 ln) 
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View 8-8 

(9) Distance from the end of 5P4283 Dowel to the face of 
camshall. .. 2.00 ± 0.25 mm (.079 ± .010 in) 

Camshaft Installation 

NOTE: For installatiOn 01 camshaft the hmlng mark on the 
camshaft gear looth must be In altgnment Wlth the timing 
mark on the tooth space of the crankshaft gear. 

Intake Valve Timing 

1. Check the No 1 Intake valve clearance WIth the engine 
stopped. The valve clearance must be 0.30 10 0.46 mm 
(012 to 018 In) If the valve clearance IS not In this range, 
adjust the clearance to 0.38 mm (.015 In). 

2. Mark Top Center POSItion of the crankshaft on the 
vibratiOn damper or pulley 

3. Use a dial indicator to measure the intake valve 
movement. 

4. Rotate the crankshaft in tho direction of normal engine 
rolatlon. Slop when the intake valve IS 1.91 mm (.075 in) 
off its seat in the opening sequence. At this pamt the 
crankshaft must be 10 ± 2° After Top Center 

Specifications 



Valve Rocker Arms And Lifters 

For Engines That Have Flat Face Lifters 

I=--_ ;'. 

T95535f>1 

--~~_../' 

(1) Torque for bolts that hold rocker arms ",. 24±7N'm 
(18 ± S ib tl) 

(2) TOI'que lor locknut for valve adjustment 
screw...... ....... . ...... 30±7N·m(24±5 Iblt) 

(3) Diameter of the shall for the rocker 
arms .......... " .. " ... 21.7931021.814 mm (.8580 10 .8588 in) 
Minimum permissible diameter (worn) ., .. .... 21.768mm 

(.8570 in) 
BOfe in beam'l9s for the rocker arms 
(new) ........... ... ...... 21.SS2±OO2O mm {.8603 ±.0008 in) 
Maximum permissible bore (worn) ....... ... ....... 21 920 mm 

(.8630 In) 
Maximum permiSSIble clearance between bore in bearnlg 
and shaft (worn) ............. .. O.13mm (.005 In) 

(4) Clearance for valves (Intake valve) .... ,. 0.38 mm (.OISIn) 

Clearance for valves (exhaust valve) ... 0.64 mm (.025 in) 

(5) Dlameterolcamlollower ....... _._ .. . .. 29436±0.010mm 
(1 1589 ± .0004 in). 

Minimum permiSSible diameter (worn) .... 29.401 mm 
(1.157SinJ 

Bore In block for cam follower .. ... .... 29.525 ± 0.025 mm 
(1.1624± .OCI10 in) 

Maximum permissible bore (worn). . . ....... 29.591 mm 
(1.1650 in) 

(6) Torque lor the thrust pin for the camshaft .... 45 ± 7 N om 
(35±5 Ib ft) 
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For Engines That Have Roller Lifters 

1. Turn camshalt so cam lobe is oPPOSltel:fter bore 

2. Install guide spring on lifter. 

3. Put Hlter assembly In engine oil and install into lifter bore 
so that the tat> on the gUide spring is located within area 
(AI· 

4. Push lifter into bore unlll contact IS made With camshaft. 

(1) Torque lor bolts that hold rocker arms ... ..... 24 ± 7 Nom 
(1S ± S ib It) 

(2) Torque lor locknut for valve adjustment 
screw ...... .. .. .. .. ... _ .. 30 ± 7 N om (24 ± Sib It) 

(3) Diameter of the shaft for the rocker 
arms ................... 21 .793 to 21 ,814 mm (.8580 to 8588 in) 

Minimum permiSSible diameter (wom) . .. ..... 21.768 mm 
( 8570 in) 

Bore In bearings for the rocker arms 
(new) ... , ............ .... 21,852 ± 0 020 mm (.8603 ± .0008 111) 
Maximum permissible bore (worn) 21.920 mm 

(.8630 In) 
Maximum permissible clearance t:>etween bore In bearing 
and shaft (worn) ._ . .. ...._ ...... . . 0.13 mm (.005 in) 

(4) Clearance for valves (intake valve) . .. .. 0_38 mm (.015 In) 

Clearance for valves (exhaust valve) ... 0.64 mm (.025 in) 

(5) Diameter of lifter ... .... 29.464 ± 0.015 mm 
(1.1600 ± .CXlO6 in) 

80re 111 block for lifter. . ........ 29.525± 0.025 mm 
(1.1624 ± .0010 in) 

Specifications 
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Valves 

NOTE: GUIDEUNE FOR REUSABLE PARTS; VALVES AND 
VALVE SPRINGS, Forms SEBF8002 and SEBF8034. have the 
procedure and specifications necessary for checking used 
valves and valve springs. 

A91313Pl 

(1) 9NS496 Spring for valves (outer): 

Length under test force 45.47 mm (1.790 In) 
Test force .. ... ..... . ... 185.0 ± 18.0 N (41 .6 ± 41b) 
Use again rTIInlffium load at length under test 
force , ........................... _ ................... 166N(37.31b) 
Length of spring at valve open position .......... 30.23 mm 

(1190in) 
Use again minimum load at valve open poSition 600 N 

(l35lb) 
Free length after test .... 51.77 mm (2.038 In) 
Outside diameter. . .... _ .... _ .. _._ ... 39.62 mm (1.560 In) 
Spring must not be bent more than ..... 1.80 mm (.071 In) 

(1) 9NS495 Spring for valves (inner): 
Length under test torce . 4247 mm (1.672 In) 
Tesllorce. 91.2±90N(20.5±2Ib) 
Use again minimum load at length under test 
force .. .. ...................... 8t .9N (18.4lb) 
Length of spring at valve open position ......... 27.23 mm 

(1.072in) 
Use again minimum load at valve open position .... 295 N 

Free length after test 
OutSIde diameter _ . 
Spring must not be bent more than 

(66 31b) 
4877 mm (1.920 in) 
26.67 mm (1.050 In) 

1,70mm (.067 In) 

(2) Distance trom the end of the valve to the valve spring 
spacer seat 52.40 ±O.38 mm (2.063 ± .015 in) 
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(3) DialTl€!ter of valve stem: 

7C362 and 917682 Intake Valve ... , ... , 9.462 ±O.013mm 
(.3725 ±OOOS in) 

Use again minimum diameter of the valve 
stem ......... ,. 9.42 mm (371 in) 
9l76B3 and 9N5125 Exhaust Valve (tape!'ed stem)' 
Head end 01 valve slem . 9411 ± 0,013 mm 

(.3705 ±(0)5 in) 
Use again minimum diameter of the head end of valve 
stem ..... , .... , ........................................... 9.37 mm (.369 in) 
Lock end of valve stem ................. , .. 9.436± 0.013 mm 

(,3715± 0005 in) 
Use again minimum diameter oj the lock end of valve 
stem . 9408 mm (.3704 In) 

Bore in the valve guides (intake and 
exhaust) 9.512±O.OI3mm (,3745± 0005in) 

Maximum permissible bore in the valve gUides (worn), 

Measure 190 mm (75 in) deep in valve guide bore from 
both ends of the valve gUide.. '. 9.550 mm (.3760 In) 

(4) Angle of valve face' 

Intake valve. . . 30° ± 15' 
Exhaust valve 45°± 15' 

(5) Diameter of valve head (intake valve) .. 53.19 ± 0, 13 mm 
(2094 ± .005 in) 

Diameter of valve head (exhaust 
valve) ....... , .... , .... , ...... 45.82 ± 0.13 mm (1.804 ±.005 in) 

(6) Thickness 01 valve lip 
Intake valve ,. 2,31 mm (.091 in) 
Use again minimum valve lip thickness 1,78 mm 

E)(hausl valve , ... , ......... , ... ..... ..... ,. 
Use again minimum valve lip thickness 

(.070 In) 
1.60 mm (.063 In) 

1.27mm 
(.OSOin) 

Specifications 



c Valve Seats And Inserts 

Intake Valve (with valve seat insert) 

T960S8·tPt " 
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(1) Diameter of the valve seat insert ...... 54.61D±O.D13 mm 
(2.1500 ± .0005 in) 

Bore In head for valve seat insert ..... 54.534 ±O.D13 mm 
(2.1470 ± .0005 in) 

(2) Depth of bore In head for valve seal 
insert 11.23 ± 0.05 mm (.442 ±.oo2 in) 

(3) Maximum permissible width of the face of the valve seat 
Insert ..... .... .. ... ............. .. .............. " ....... 3.05 mm (.120 in) 

(4) Distance from head of valve to cylinder head face: 

Maximum permissible (valve closed) . 1.73 mm (.068 in) 
Minimum permissible (valve closed) .... 0.91 mm {.036 In) 

(5) Angle of the face of the valve seat insert .. ... .. 30 1h± 'ho 

(6) Outside diameter of the face of the Yalve seal 
insert " .. " , .. " . , .. ......... 52.23 ± 0.13 mm (2.045 ± .005 in) 

Maximum permissible. 52.45 mm (2.065 In) 

(7) Angle to grind face of seat insert (to get a reduction of 
maximum seat diameter) .. ..................... ... ... .. .. ... .. .... ... 150 

3208 Diesel Truck Engine 

Intake Valve (without valve seat insert) 

T9E067·1P2 
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(1) Distance from head of valve to cylinder head face: 

Maximum permissible (valve closed). 1.73 mm (.068 in) 
Minimum permissible (valve closed). 0.91 mm (.036 in) 

(2) Maximum permissible width of the face of the valve 
seat.. .... .. ..... ......... . ._ 3.05mm(.l20in) 

(3) Outside diameter of the valve seat ... 52.23 ± 0.13 mm 
(2.045 ± .005 in) 

Maximum permissible ...... ... ... ..... ..... . 52.45 mm (2.065 in) 

(4) Angle of the face of the valve seat ... ... .... .. ..... 30 1f2 ± 1f20 

(5) Diameter of the bore. . ............ 54.61 mm (2.150 in) 

(6) Maximum permissible depth of the bore to make the face 
ofthevafveseat smalfer .... ..... .. ... .. 4.32mm( .170in) 

Specifications 
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Exhaust Valve 

(1) Depth 01 bore in head for valve seat 
InSefl .... , .......... '1.23 ± 0 13 mm (.442 ±.005 in) 

(2) Diameter 01 valve seat insert 48 565 ± 0.013 mm 
(1.9120± 0005 in) 

Bore in head for valve seat Insert. 48 489 ±O.013 mm 
(1.9090 ± 0005 in) 

(3) MClJ!;lmum permisSIble 'Nldth of Ine lace of the valve seal 
insert . .. . ....... _ .... 2.67 rnrn (.105in) 

(4) Dislance from head of valve to cytlnder head face: 

MaXimum permISSible (valve closed). 2.16 mm (.085 in) 
Minimum permissible (valve closed) 1.27 mm (.050 in) 

(5) Angle 01 the face 01 the valve seallnser! , ...... 45 'h ± W' 

(6) Outside diameter of the lace 01 the valve seal 
insert. 44,07 ±O.13 mm (1.735 ± .005 in) 

Maximum permissible. 44.70 mm (1.700 In) 

(7) Angle to gnnd lace of seat insert (to get a reduction of 
maximum seat diameter) ..... p' 15° 
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Cylinder Head 
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(I) Put 6V4876 Motykate lubricant on bolt threads and 
tighten botts according to the Head 801t Torque Chari 
that tollows: 

Head Boll Torque Chan 

Earlier Bolts Later Bolts 
Tightemng (With SIx (With Seven 
Procedure Dash Marks)' Dash Marh)' 

Step 1. Tighten bol ts 
I Ihrough 18 in 130 ± 7N·m 15Q±7N'm 
number sequence 10: (95 ± 5 1b II) (110 ± Sib It) 

Step 2. Loosen bolls 
1 Ihrough 18 unlil the 
washers can be 
lurned Ireely. 

Slep 3. Tighten bolts 
1 through 18 in 80± 14N'm 80 ± 14 N·m 
number sequence to: (60 ± 10 Ib It) (60 + 10 Ib II) 

Step 4. Tighten bolts 
1 through 181n 13Q±7 N'm IS0±7N·m 
number sequence to: (95 + Sib It) (110 + Sib It) 

Step 5. Again tighten 
boilS 1 through 10 In 130± 7 N' m 165 ± 7 N·m 
number sequence to: (95 ± Sibil) (120 + S ib It) 

Step 6 . Tighten bolts 
19 through 22 In 43±7N'm 43 ±7N·m 
number sequence to: (32 ± Sib It) (32 + Sibil) 

'See lIIuslratlon I lor identificatIOn 01 EARUER and LATER 
bolts 

Specifications 
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EARLIER LATER 
hi ... d.sh II'IiIrksl I ...... n dIIsh rN.ks l 

!Uuslrallon 1. Bolt head identification. 

(2) Holes fof fuel injection nozzles. 

NOTICE 
The higher cylinder head bolt torque may be used on earlier 
engines ONLY if the bolts are replaced with the later higher 
strength bol ts (seven dash marks on the bolt head). If the 
earlier bol ts are tightened to the later torque specification, 
they may yield (stretch) and lose their clamping force. 

Held Bolt 
Localm Chart 

Bolt 
Ola. P,rt Location (Boll No.) length ~l" 

No. 

6F5282 5.2.4.10 133.4 mm (5.25 in) 

'h" 282006 7,9,3,1,6,8 120.6 mm (4.75 in) 

L1329 16,14,12,17 76.2 mm (3.00 in) 

28947 lB,I',13,15 57.2 mm (2.25 in) 

589603 19.20,21 127.0 mm (5.00 in) ... $1571 22 44.5 mm (1.75 in) 

(3) Thickness of cylinder head (measure through the fuel 
injection nozzle holes al each end of the cylinder head). 
New .................. ...... 96.14±0.15nvn(3.785±.006In) 
Minimum permiSSible thICkness ...... 95.86 mm (3.774 In) 
Aalness of the cylinder head should be Within 0.15 mm 
(.006 in) total, and a maximum of 0.08 mm (.003 in) fOf 
any 152.4 mm (6 in) span. 

3208 Diesel Truck Engine 

3 2 A509O:i!P1 

Valve Covers 

5 
o 

o 

o 
7 3 2 6 

Tlghlening Sequence 

(1) Tighten bolts in sequence shown to a tOfque 
ot . ..... .. .... ........ .. ... .. ...... ....... .. 14±3 N·m(10±21bft) 
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Crankcase Ventilation Valve 

2 

(I) Torque for hose clamps _ 

(2) Torque for bolls ._n,._". 

Exhaust Manifold 

A81316P2 

. 2.3±02N· m(20±2Ibln) 

.3.4±05N. m(30±41bIn) 

Pul5P3931 Anti-Seize Compound on threads of bol ts. 

Torque for bolts . .43 ± 7 N·m (32 ± 5 Ib ttl 

Locks must be bcrJt on a flat Side of the bol! head Bolls 
must be turned no more than 30" (in the direction of 
Increased torque onty) lor the alignment of locks Wl tn a lIal 
side of the bolt head, 

3208 Diesel Truck Engine 

Turbocharger Impeller 
Installation 

(Schwitzer Only) 

Installation Procedure 

A. Put 6V 1541 QUick Cure Prime! on the nut and the shaft 
threads to clean them, II necessary. 

B . Put a small amount of 9S3265 Retaining Compound on 
the nul and shaft threads. 

NOTICE 
Do not lei the retaining compound get Into the compressor 
wheel bore or on the shaft, because " can make remollal of 
the compressor wheel diff icult during fu ture turbocharger 
disassembly. 

C. Put a small amount of lubriCant, such as Lubnplate, on 
the nut seal area on the compressor. Do not put 
lubrication on the threads 

D. Tighten the compressOf wheel rotainer nut 
to '''"."''".",,..... . ........ . 28 ± 3 N· m (22 ± 21b It) 

NOTICE 
Do not bend or add stress to the shalt when nut is loosened 
or tightened. 

Specifications 



Turbocharger 

4TF555 & 4TF606 

2 

(1) End play for shaft (new) ...................... 0,114 ± 0.038 mm 
(.0045 ± .(X)lS in) 

MaximlJT1 permissible end play (worn) .............. 0.20 mm 
(.008 in) 

(2) Thickness of thrust bearing .... " ............... 5.36 ± 0.03 mm 
(.211 ± .001 in) 

(3) Diameter of surface on shaft (journal) lor the bearing 
(new) .................. 14.2541014.262 mm (.5612 to .5615 in) 

Bore in the bearing (new) ................ 14.293 to 14.300 mm 
(.5627 to .5630 in) 

Maximum permissible clearance between bearing and 
shaft (worn) ..... ..................................... 0.08 mm (.003 in) 

(4) Put 5P3931 Anti·Seize Compound on ttYeads and lighten 
bolt holding band clamp to .............. 13.6 N ' m (120 Ib In) 

(5) Maximum permissible gap of oil seal ring, measured in 
bore of housing ................................... 0.23 mm (.009 in) 

(6) Nut for impeller (See Turbocharger Impeller Installation). 

NonCE 
Do not bend or add stress to the shaft when nut is loosened 
or tightened. 

3208 Diesel Truck Engine 

(7) Bore in housing (new) .. .............. .. ... 22 .2551022.268 mm 
(.8762 to .8767 in) 

OUtside diameter 01 the bearing 
(new) .................. 22.144 to 22.154 mm (.871810 .8722 in) 
Maximum permissible clearance between bearing and 
bore in hoUSII"lQ (worn) .... 0.15 mm (.006 in) 

(8) Thickness of each thrust ring ............. 2.553 ± 0.013 mm 
(.1005 ± .COO5 in) 

Turbocharger 

TM51 & TM54 

(1) End play for shaft (new) ..................... 0.051 to 0.081 mm 
(.0020 10 .0032 in) 

(2) Tighten bolls that hold back plate to beating housing 
to ................................. 9.5±IN· m(84±9Ibin) 

(3) Ttghten screws that hold thrust bearing 
to ... 2.5±O.2N·m(22±2Ibin) 

(4) D~eler of surlace on shaft (journal) for the bearing 
(new) .... 12.99210 13.COO rrvn (.511 5 to .5118 in) 

Bore in the bearing (new).. 13.028 to 13.038 mm 
(.5129 to .5133 in) 

(5) Bore in housing (new) .................... 20.175 to 20.188 mm 
(.1943 to .7948 in) 

Outside diameter of the bearing 
(new) .................. 20.069 to 20.081 mm (.1901 to.7906 in) 

(6) Turbine end oil seal ring, end gap when installed in a 
bore of 20.90 mm (.823 in) ..... ...... .. ... .. ... 0.10 to 0.38 mm 

(.004 to .015 in) 

Specifications 
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I 
(7) Put 2P2506 Thread Lubricant on the shaft threads and 

on the nul face and tighten nut to . 4 Nom (35lb in) 

Tighten nul more .............................. 120" 

NOTICE 
Do not bend or add stress to the shaft when nut is loosened 
or tightened. 

(8) !mpeller end oil seal ring, end gap when installed in a 
bore of 17.463 mm (.6875 in) _ .............. 0.08 100.38 mm 

UXl3to .015 In) 

(9) Thickness of thrust bearing _ ..... 4.359 104.369 mm 
(.17 1610.1720 in) 

(10) Put 5P3931 Anti-Seize Compound on threads and Hghten 
boUholdingbandclampto ........................... 14±tN· m 

(120± 12lbin) 

Engine Oil Cooler And Filter 

l 

• A92220P2 

Earlier 
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Oil pressure difference thaI makes the oil filter bypass valve 
open 140 ± 25 kPa (20 ± 4 psi) 

Oil pressure difference thai makes the oil cooler bypass valve 
open ........... _ ................................. 125 ± 25 kPa (18 ± 4 psi) 

(1) 919188 SpI'ing (011 cooler and olllilier bypass valve) 

Length under test force 432 mm (1.70 In) 
Teslforce .. 156N(35Ib) 
Free length after lest 57.9 mm (2.28In) 
Outside diameter 11.18 mm (.440 In) 

(2) Oil filler bypass valve 

(3) Torque for nuts that hold oil cooler core to oil cooler base 
(hand torque only) 22 ± 3 N·m (16± 21b II) 

NOTE: If applicable, assemble gasket to oil cooler base with 
Indexing point toward the front of the engine and in the up 
position. 

(4) Oil cooler bypass valve . 

Specifications 



Oil Pump 

1----- - 1 

3 

NOTE: Tighten rehe! valve guide to ..................... 40 ± 7 Nom 
(30 ± Sib 11) 

(1) Front housing assembly. 

(2) Oil pump cover assembly. 

(3) lW1788 SpI'ing (pump pressure rehef valve): 

Length under lest force .... " 59.94 mm (2.360 in) 
Test force ...... . ..... ............. .... , 314 ± 14 N (71 ± 31b) 
Free length after test ........................ 78.23 mm (3.080 in) 
Outside diameter ................................ 22.23 mm (.S7S in) 

(3) 1W2208 Spring (pump pressure relief valve): 
Length under test force ..... 59.94 mm (2.360 in) 
Test force ....... .... .. ..... .. .. .... .... .... .. , 290 ± 14 N (65 ± 3 1b) 
Free length after test .... . ............ 85.85 mm (3.380 in) 
Outside diameter .......... 22.23 mm (.875 in) 

(4) Width of oil poolP rotors (new) .......... 36.474 ±O.OO8 mm 
(1.4360± .0003 in) 

Depth of counlerbore in front housing 
(new) .................. 36.576 ± 0.025 mm (1.4400 ± JXll0 in) 

(5) Maximum permissible end clearance of oil pump rotors 
when measured with oH pomp installed to fronl 
cover .. 0.15 mm (.006 in) 

3208 Diesel Truck Engine 1-20 
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VIeW A-A 01 Rotor Oil Pump 

(6) Clearance of oil pump rotor tip when measured with oil 

J 

pump installed to front cover .................. 0.05 to 0.20 mm 
(.00210.008 in) 

Maximl..rn permissible clearance of oil pump rotor 
tip ..................................................... 0.28 mm (.011 in) 

8 

9 A51104P4 

View A-A 01 Front Housing 

(7) Beanng junction. 

(8) DW.meter of bearing for rotor (new) ... 71.224 ± 0.056 mm 
(2.8041 ± .0022 in) 

(9) POSi tion 01 main bearing Juncllon Irom vertical 
centerline .. ....... 75 ± 300 

Specifications 
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Oil Pan 

2-----'1rn 

(1) Torque for 0011$ that hold 011 pan. 

(2) Torque for oil pan dram plug 

Oil Level Gauge 

(1) Guide assembly. 

o 

A92945Pl 

.23±4Nom 
(17±3Ibft) 

70± 14Nom 
(50 ± 10 Ib It) 

Assemble lower part of guide assembly (1) so thai 
Point A is even with bottom surface of block within ± 
0.8 mm (± ,03 in) 
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Water Pump 

NOTE: The outer bearing OD. and housing bore must 
be free of 011 before assembling bearing mto housing. 
After assembly, apply 4C9508 Sealanl-Wicking to the 
chamfer area only. Remove excess sealant. 

Alternate sealant: Put 9S3263 Thread Lock on ouler 
bearing 0.0. and housing bore before assembly. 

(1) Clearance between the water pump impeller face 
and fronl cover, ........ , 0.28 to 0.84 mm (,01 1 to ,033 in) 

(2) Torque lor pulley 75 ± 7 Nom (55 ± Sib It) 
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BelT TENSION CHART ( 
WIDTH TOP BelT TENSION BelT TENSION 

WIOTH OF PULLEY " INITIAL"' "USEO .... BORROUGHS GAUGE NUMBERS 
BELT SIZE BELT TOP 

GROOVE GAUGE READING GAUGE READING 

mm in. mm in. N Ib N Ib OLD GAUGE NO. NEW GAUGE NO. 

3/8 1072 .422 9.65 .380 445 ± 22 l00±5 400 ± 22 90± 5 8T -33-95 8T -33-97 

,,2 13.89 .547 1270 .500 534 ± 22 120±5 400 ± 44 90 ± 10 BT -33-95 8T·33·97 

5V 15.88 .625 1524 600 534 ± 22 120±5 400 ± 44 90± 10 8T·33-72-4·15 BT·33·72C 

"/16 17.48 .688 15.88 .625 534 + 22 120 +5 400 + 44 9O:t 10 BT-33·72·4-15 BT-33-72C 

3" 19.05 .750 17.53 690 534 ± 22 120 ± 5 400 + 44 90 + 10 BT-33-72-4-15 BT-33-72C 

15/16 23.83 983 2230 "8 534 :t 22 120 :t 5 400 :t 44 9O:t 10 BT-33-72-4-15 BT-33-72C 

8K 27.92 1.099 8oo:t 22 180 :t 5 489 :!: 44 110:tlO 8T·33-109 

MEASURE TENSION OF BELT FARTHEST FROM THE ENGINE 

--'N'T'AL- BELT TENSION is for CI new bell . 
. ·""USED" BELT TENSION IS for a belt which has more lhan 30 minutes of operation al rated speed of engine. Al0232-4Pl 

c Water Temperature Regulators 9N3711 Temperature Regulator 

9N5121 And 7C3472 Temperature Regulators 

A92217Pl 

I 
1 

I 51865Pl 

Temperature when completely open: 
9N5121 Water Temperature Regulator .... .... 92"C (197"F) 
7C3472 Waler Temperature Regulator ...... 98"C (208"F) 

(1) Distance at completely open temperature must nol be 
more than ......................................... 37.85 mm (1.490 in) 

3208 Diesel Truck Engine 1-22 Specifications 
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Temperature when completely open: 
9N3711 Waler Temperature Regulator _ .... , 92"C (197Of) 

Minimum completely open d,stance ... _ ... _. 9.53 mm (.37Sin) 

Cylinder Block 

Measure weal of the cy1inder bore at the top and bottom of 
PlSIOfl ring travel. 

3208 Diesel Truck Engine 1-23 

(1) Cylinder bore [standard. anginal 
size] . _ 114.300 to 114.338 mm (4.5000 to 4.5015 in) 
The recommendallOn is made to make the cylinder bore 
the next size larger when the SIze of the bore 
IS ...... _ .. __ .,' 114452 mm (4 5060 in) 
Cylinder bore must be made the next size larger when 
the size of the bore is , ............ 114 529mm (4 5090 in) 
Cylinder bore [0 51 mm (.020 In) larger than the onginal 
size} ,............. 114.821 ±O 013 mm (4.5205 ± 00Cl5m) 
The recommendation is made to make the cylinder bore 
the next size larger when the size 01 the bore 
is 114960 mm (4.5260 In) 
Cylinder bore must be made the next size larger when 
the size of the boJe IS ....... ........ 115037 mm (4.5290 In) 
Cylinder roe [1.02 mm (.040 in) larger than the orig,nat 
size} ........... 115.329±0.013 mm (4.5405 ± .0005 In) 
Maximum permissible wear of cylinder bores 
(replacement of the cyl inder block IS 
necessary) . 115.545 mm (4.5490 In) 

(2) Bore in block fOf camshaft bearing .. 67.374 ± 0013 mm 
(2.6525 ± .0Cl051n) 

NOTE: Install camshaft bearings with the oil hole toward the 
top of the cylinder block. 

(3) Width 01 main bearing cap .. 166.624 ± 0.018 mm 
(6.5600 ± .0007 in) 

Minimum permissible width of main bearing 
cap ............. 166.573 mm (6 5580 in) 
Width of ma,n bearing cap gUide (In cylinder 
bIock) ..... _ .... 166.599 ± 0 013 mm (6 5590 ± 0005 in) 

(4) BOfe In bloCk for main bearing ._._ ... 94 171 ± 0013 mm 
(3.7075 ± 0005 In) 

Permissible amount of dlstorllon In 
bore .. , .. ' .. ". 94 ,131094,21 mm (3.706103.709ln) 
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(5) Torque lor bolls holding caps for main bearings: 

a. Put 2P2506 Thread Lubncant on bolt threads and 
washer face 

b. Tighten all bolts in number sequence 
to ....... 4O±4N-m{30±3Ibft) 

c. Put a mark on each bolt and cap. 
d. lighten a'i bolls in number sequence from 

mark ....... 120±5° 

Specifications 



(6) Dimension (new) from centerline of crankshaft bearing 
bore to bottom of block (pan rails) ... 95.250 ± 0.038 mm 

(3.7&1J ± .0015 in) 

(7) Dimension (new) from centerline o f crankshaft bearing 
bore to top of block (top deck) ... . 322.66 ± 0.13 mm 

(12.703±.005 in) 

NOTICE 
There are holes in the bores for the main bearings, between 
the cylinders for piston cooling orifices. These holes must 
have orifices or plugs installed or low Oil pressure will be the 
result. 

II the base for the oil cooler is 357.2 mm (1 4.06 in) long the 
engine has piston cooling orifices installed. If the base lor the 
oil cooler is 268.2 mm (10.56 in) long the engine has plugs 
installed. 

Piston cooling orifices were eliminated from 3208 truck 
engines effective with truck engine 2Z30692 with a rating of 
150 KW (200 hp)@2(X)Orpmor 160 KW (2 15 hp)@22OO 
rpm. On earl ier engines with these ratings the pistoo cooling 
orifices may continue to be used or replaced with 7N4953 
Plug, 

3208 Diesel Truck Engine 

c Connecting Rod 
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(1) Bore in bearing for piston pin .. 38 .135 ± 0.008 mm 
(1.5014 ±.0003 in) 

(2) Bore in connecting rod for bearing [when tightened 
according to procedure shown in 
(5)] .................... 74.721 ± 0.013 mm (2.9418 ±.0005 In) 

(3) Distance between center of bearing for piston pin and 
center of bearing for crankshafl 
JOUrnal .................... 200.66 ± 0.03 mm (7.900 ± .001 In) 

(4) Diameter of piston pin ... . ..... 38.097 ± 0.005 mm 
(1.4999 ± .COO2In) 

Maximum permissible clearance between bearing and 
piston pin . . . 0.08 mm (.003 in) 

(5) Torque for nuts: 

a. Put 2P2506 Thread Lubricant on bolt threads and 
seating faces of cap and nut. 

b. Tighten both nuts to ............ 4O±4N o m(30±3Ibft) 
c. Put a mark on each nut and cap. 
d. Tighten each nut from mark .......... 60 ± 50 

Specifications 
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NOTE: Piston pin bearing Junction and locating notch must 
be assembled in the top half of rod eye. Location of bearing 
Junction 10 be within ± 50 of center line "A". 

3208 Diesel Truck Engine 

c Pistons And Rings (two ring 
piston) 

1-25 

Make reference to Guideline For Reusable Parts: Pistons, 
Form No. SEBF8049 

4960~P2 
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Pistons And Piston Rings 

Width 01 groove in piston for piSton ring {new}. 

Thickness of PIston ring (new). 

Clearance between groove and piston ring (new). 

Clearance between ends of pston ring when 
installed In a cylinder wilh a bore size of 114.300 
mm (4.5000 in) (new). 

Increase In clearance between ends of piston ring 
for eact1 0.03 nun (.001 in) increase in cylinder 
bore size. 

NOTE: 9L6233 Top Ring (1) has the mark ·UP·'". 

-ln51a1l9l...9316 or 2W8045 Oil Conlrol Ring (2) with the 
gap in the spnng 180° away from the gap in the r ing. 

NOTE: Use 5P3519 Piston Ring Groove Gauge 10 
check lhe lop ring groove only. For instructions on the 
use of the gauge, see the Guideline For Reusable 
Paris; Pistons, Form No. SEBFB049. 

NOTE: Two different pistons are used in 3208 Truck 
engines. One piston has a crater volume of 53.7 ± 1.2 
cm 3 (3.28 ±07 in 3), and the other piston has a crater 
volume 01 58 8 ± 1.2 em 3 (3.59 ± 07 In 3). Check the 
part number stamped on the lop of the p,ston, and 
refer to the par ts bOOk to be sure the correct 
replacement piston is used . 

Piston Pin Bore 

(3) Boreinplstonfor pm ............ 38123to38.133mm 
(1.5009 to 1.5013 In) 

Clearance between pin and bore in piston 
(new) ..................... 0.020 to 0.040 mm (.0008 to .OO16m) 
Maximum permissible clearance between piston 
p in and bore in piston (worn) .... .. .... ..... 0.08 mm (.003 In) 

3208 Diesel Truck Engine 

(l)TopRing (2) Oil Control RingO 

9L6233 9L9316 Or 2W8045 

3.276 ± 0.013 mm 2.806 ± 0.013 mm 
(.1290 + .0005 In) (. 1105 + .0005 in) 

3.150 + 0.000 0.038 nvTI 2.756 ± 0.013 mm 
(.1240 + .0000 - .0015 in) (.1085 ± .0005 in) 

0.076 to 0. 140 mm 0.025 to 0.Q76 mm 
(.0030 to .0055 in) (.0010 to .0030 In) 

0.572 ± 0.190 mm 0.508 ± 0.254 mm 
(.0225 ± .0075 in) (.0200 ± .0100 in) 

O.08mm 0.08 mm 
(.003 In) (.003 in) 

c Pistons And Rings (three ring 
piston) 
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Make reference to GUideline For Reusable Parts, 
Pistons, Form No. SEBF8049, and Guideline For 
Reusable Parts, PISt(l(l Pins And Retaining Rings, Form 
No. SEBf8051. 
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Top And Intermediate Ring 

The lU6431 Keystone Piston Ring Groove Gauge is 
necessary for measuring ring grooves in keystone s\yle 
pistons. For correct use of the gauge group, refer to 
SEES5678 Instruction Card that is with the gauge group. 

Inslall piston rings with ·UP· side toward top of piston. 

(1) Top ring has the mark ·UP-l". 

(2) Intermediate ring has the mark ·UP·2" 

Clearance between ends of piston ring when installed in a 
cylinder liner with a bore size of 114.30 mm (4.500 in) 

Top and intermediate rings . 0572 ± D. 190 mm 
(.0225± .0075 in) 

Increase in clearance between ends of piston r ings for each 
0.03 mm (.001 in) increase in cylinder liner bore 
size ." ... ... ... ..... ".. O.OBmm (.003 In) 

Oil Control Ring 

(3) Inslall oil control ring with the gap in the spring 180 ± 
45° away from the gap in the ring, 

The 5P3519 Piston Ring Groove Gauge is available for 
checking ring grooves with straight sides. For instructions on 
the use of the gauge, refer to Guideline For Reusable Parts, 
Pistons, Form No. SEBF8049. 

Width of groove in piston tor piston ring 
(new) .. .. .... ....... , 2.806±0,013mm(.1105±.CXlO51n) 

Thickness ot piston ring (new) ...... ... 2.756±0.OI3mm 
(,1085 ±CXlO5 in) 

Clearance between groove and piston ring 
(new) .. " . 0,025100.076 mm (.0010 ± ,0030 in) 

Clearance between ends of piston ring when installed In a 
cylinder liner w ith a bore size of 11 4.30 mm (4,500 
in) 0.505 ± 0.255 mm (.0199 ± .0100 in) 

Increase In clearance between ends of piston ring for each 
0,03 mm (.001 in) increase in cylinder liner bore 
size ....... ................. . ... 0 08 mm (.003 In) 

Piston Pin Bore 

(4) Bore In piston for pin ......... .... ... .. .. 38, 123to 38, 133 mm 
(1 ,5009 to 1.50131n) 

(5) Pin diameter 38.097 ± 0.005 mm (1.4998 ± ,0002 in) 

Clearance between pin and bore in piston 
(new) , 0.020 to 0.040 mm (.0008 to .0016 in) 
Maximum permissible clearance between piston pin and 
bore in piston (worn) .... " .. ...... 0.08 mm (,003 in) 

3208 Diesel Truck Engine 

c Crankshaft Seals 
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9N0542 Crankshaft Seal Group 
(1) 9N0307 LIp Type Seal. (2) 7W3200 Hydrodynamic Seal Group, 
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9N0542 Cranks/laft Seal Group 

\ 

Ui 

(1) 7C6660 Hydrodynamic Type Seal. (2) 7W3200 Hydrodynamic 
Seal Group. 

(A) The distance from the edge of seal (1) to the gasket 
surlace of the Iront housing is . 38,10 ± 0.50 mm 

(1 ,500 ± ,020 in) 

(8) The distance from the edge of the hydrodynamic seal (3) 
to Ihe edge of the wear sleeve IS 4.30 ± 0.25 mm 

(.169 ± 010 in) 

Remove lront and rear seal groups as tallows: 

a. Use the lP3075 Puller Group to remove the seals, 
b. Use the 5P7318 Distorter Group 10 remove the wear 

sleeves. 

NOTE: Seals and wear sleeves can not be used again aller 
the seals and wear sleeves are separated 

Specifications 
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Install front and rear seal groups as follows. 

a. Clean the ouier surface 01 the crankshaftlNilh 6V154 1 
Quieti Cure Primer. 

b. Crankshaft seals must be Installed Wllh the tip of the seal 
toward the inSide of the engine as shown. The 9NQ307 Lip 
Type Seal and the 7C6660 Hydrodynamk: Seal Group are 
front crankshaft seals. The 7W3200 Hydrodynamk: Seal 
Group is the rear crankshaft seal. 

c. Do not separate the seals from wear Sleeves Install the 
seal groups as a IJllt on each end of the engine as shown 
with correct tooling. 

NOTE: See Special Instruction, Form No. SMHS7HXlIor the 
lip type seal assembly installation See Special Instruction, 
Form No. SMHS8508 lor the installation 01 the hydrodynamic 
seals. 

c Crankshaft 

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

(1) End play for the crankShaft .... ... .... .. 0.08100.25 mm 
(.003 10.010 In) 

Maximum permissible end play 101" the crankshaft 
(worn) ......... ..... __ _ -.. O.36mm (.014 in) 

(2) Make reference to BeaTings For Connecting Rods And 
Mains 

(3) Make reference to Beaflngs For Connecllng Rods And 
Mains. 

NOTE: See Reconditioning Procedures for the correct 
method to check for bent crankshafts. 

3208 Diesel Truck Engine 

c Bearings For Connecting Rods 
And Mains 
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Make re ference to Guidelines For Reusable Parts: Main 
Bearings And Connecllng Rod Bearings, Form No 
SEBF8009. 

CONNECTING ROO BEARINGS 

Original Size 69.840 ± 0.015 mm 
Journal (2.7496 ± .0006 in) 

UnderSize Journal 69.586 ± 0.0 15 mm 
0.25 nun (.010 in) (2.7396 + .0006 in) 

UnderSize Journal 69.332 ± 0.015 mm 
0.51 mm (.020 in) (2.7296 ± _0006 in) 

Undersize Journal 68.570 ± 0_015 mm 
1.27 mm (.050 in) (2.6996 ± .0006 in) 

Clearance between bearing and purnal 
(new) .. .... ........ .......... 0053 to 0 140 IlVTl (.0021 to.OO55 in) 

Maximum permissible clearance between bearing and 
JOUrnal _ _ .. _ ........................... _ .. _ .... 0.15 mm (.006 In) 

MAIN BEARINGS 

Original Sile 88.887 ± O.ot 5 mm 
Journal (3.4995 ± .0006 in) 

Undersize Journal 88.633 ± 0.0 15 mm 
0.25 mm (.010 in) (3.4895 + .0006 In) 

Undersize Journal 88.379 ± O.ot5 mm 
0.51 mm (.020 in) (3.4795 + .0006 In) 

Undersil e Journal 87.617 ± 0.015 mm 
1.27 ITYT1 (.050 in) (3.4495 ± .0006 in) 

Clearance between beating and jOurnal 
(new) ...... ... .. ... .. , .... , .... ... 0.076 to 0.168 mm (.0030 to.OO66 in) 

Maximum permiSSible clearance between bearing and 
journal............................... . ............... 0_18 mm (007 in) 
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Pulley And Damper 

Install the damper assembly on the ctankshalt unhl lhe hub 
of the damper assembly comes in contact w1th the gear on 
the crankshaft. 00 NOT use the boll and washer that holds 
the damper assembly on the crankshaft to install the damper 
assembly. 
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(1) Torque for boll that ~ds the pulley ......... 624±80N·m 
(460 ± 60 Ib ttl 

When a front power take ollis used, Increase torque lor 
bolt to ....... 950 ± 50 Nom (700 ± 37 1b II) 

(2) Distance Irom and of damper assembly to edge 01 dust 
shield. . ,. 31.8 ± 1.5 mm <1.25 ± ,06 in) 

(3) When front power take off is used, lighten bolts 
to .. .... ... "".. ..5S±7N· m(40±5Iblt) 
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Fan Mounting Pulley 
Assemblies 

9L7243 Pulley Assembly 

"9~4P ' 3 

1 

(1) End play of pUlley .... 0 03 to 0 23 mm (.001 to .009 In) 

(2) OimenSlon 'rom mounting face of bracket to the rear lace 
of pulley .. ,' ................... _......... . 53.1 mm (2 09 In) 

(3) Maximum radial play 01 pulley ........... 013 mm (005 in) 
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6N7691 Pulley Assembly (with hexagon 
nut and pinned shaft). 

(1) Torque for screws ................ 4.5±O.8 N·m (40±7 Ibin) 

NOTE: The head of screws (1) must be below outer surface 
(5) of cover (4). 

(2) Torque for nut __ ._ ... . ' 49±20N·m(110±15Ibfl) 

(3) 'End play for the pulley .... " ... n, ... , .... """ . 0.03 to 0.25 mm 
(.001 to ,010 in) 

NOTE: Put 2S3230 Bearing Lubricant In areas (A) until they 
are one·third to one-half full of lubricant. 

'See 3208 Diesel Truck Engine Tesl lng & AdJustlllg tor end 
play adjustment procedure. 
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Flywheel 

A50906P3 

3 
1 
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(1 ) Flywheel shoulder, 

(2) Instati ring gear so that Pari No. is on this s,de Ring gear 
must be assembled against shoulder of flywheel. 

NOTE: Do nol heat ring gear to more lhan 2()4°C (4000F) 
before Installing on tty..vheeL 

(3) Pilot boI'e. 

(4) Torque for bolts that hOld flywheel to 
crankshaft .... ..... ..... .................... 90 ± 7 N·m (66 ± Sib It) 
Put 5P3413 Sealanl on bol t threads. 

NOTE: Dash mark on flywheel must be in alignment with 
dash mark on crankshaft. 
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Mounting Group For AT540, 
MT643, and MT653 Allison 
Transmission 

3 

(6) Face runout of adapter wuh flexplate Inslalled [measured 
76.2 mm (3.00 in) from center of bore] (TOlailOOlcator 
reading) ....... , .................. Q,08mm{OO3in) 

Flywheel Runout 

Face Runout (Axial Eccentricity) Of The 
Flywheel: 

Checking Face Aunoul 01 The Flywheel 

6 1. lnslalilhe daallncl>cator as shown. Pul a force on the 

A12947P2 

(1) tvtaximum faCE! runout of !Iexplate measured at bolt circle 
diameter ,. . ............ 0.76 mm (.030 in) 

(2) Bore rmoul of spacer r.LA 
(Total IndICator reading) 
AT540 ..... 
MT643, MT653 ... " . 

(3) Face runoul 01 spacer T.l.R 

(Total indicator reading) 

0.51 mm (.020 in) 
0.20 mm (.008 in) 

AT540 , ...... " ......... " """,,, .. ,, .. 0.51 mm(.020ln) 
MT643, MT653 .. ...... " .... " ... " ...... , .... 020 mm (.008 In) 

(4) Torque for bolts that hold lIywheei and adapter to 
crankshaft _ ............ .o ..... , 75±7N' m (55±5Iblt) 

(5) Bore runoul of adapter TtR 
(Totallndicalor reading) 
AT540 ............. . 
MT643, MT653 .", 
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. .... 0.25mm(.OlOin) 
0.13 mm (.005 in) 
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flywheel toward the rear 

2. Sci the dial indicator to read 0 00 mm (.000 in) 

3. Turn the f1yv.1lee l and read lhe Indicator ellery 90". Put a 
force on the flywheel 10 the rear beklfe each reading. 

4. The difference between tho lower and higher 
measurements taken at all four points must not be more 
than 0.15 mm (.006 in). which is the maximum permissible 
lace runcut (axial eccentricity) o l lhe flywheel. 

Specifications 



Bore Runout (Radial Eccentricity) Of 
The Flywheel: 

7491OP2 

Checking fJywheeI Bore 

1. Install the dial indicator (3) and make an adjustment 01 the 
universal attaChment (4) so it makes contact as shown. 

2. Sel the dial indicator to read 0.00 mm (.000 in). 

3. Turn the flywheel and read the Indicator every 90". 

4. The d llference between the lower and higher 
measurements taken al all four points must not be more 
than 0.15 mm (.006 In). which is the maximum permissible 
bore runout (radial eccentricity) of the flywheel. 
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S. Rt.nlul (eccentrICity) of the bore for the pilot bearing tor 
the flywheel clutCh, must not exceed 0.13 mm (.005 In), 

Flywheel Housing Runout 

Face Runout (Axial Eccentricity) Of The 
Flywheel Housing: 

Al0272p1 

8T5096 Dial Indicator Group Installed 

1. Fasten a dial Indicator to the crankshaft flange so the anVIl 
of the mdlCator wi ll touch the face ot the flywheel h005mg. 

2. Put a force on the crankshaft toward the rear before 
reading the indicator at each pc)nt. 

Specificat ions 



C (TOP) 

o + 8 

.4.102331'1 A (BOTTOM) 

3. With dlallndlC8tor set at 0.00 mm (.COO in) at location (A), 
turn the crankshall and read the indicator at locations (B). 
(C) and {OJ. 

4. n-.e dfference between lower and higher measurements 
taken at an lour points must not be more than 0.25 mm 
(01O In). whICh is the ma;.amum permiSSIble face run OtI t 
(axl8l eccentricity) of the tlywheel houSing. 
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Flywheel Housing Bore 

C (TOP) 

o + 8 

Al0233Pl A (BOTTOM) 

NOTE: Write the dial Indicator measurements w tn thelf 
positIVe (+) and negatIVe {- I oo\allol1 (SIgns) This notation IS 

necessary lor making the calCulations In the chart correcty. 

.4.10271P1 

1. Wi th the dl3llndlCator in position at (C). adjust the dial 
IndICator to "0" (zero). Push the crankshaft up against the 
lop bearing. Write the measurement lor bearing clearance 
on IlIlC 1 in column (C) 

2. 01'.'100 the measurement trom Step 1 by 2 Wrne thiS 
numbef on line 1 in columns (9) & (0) 

3. Turn the crankshalt to put the dial indicator at (Al. Adjus\ 
the dial IndJCator to "0' (zero) 

Specifications 



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

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

6. Turn the crankshaft counterclockwise to put the d ial 
indicator at (D). Write the measurement In the charI. 

7. Add lines I and II by columns 

8. Subtract the smaller number from the larger number In line 
III in columns (B) & (0). The result is the horizontal 
"eccentricity" (out 01 round). Line In column (e) is the 
ver tical eccentricity. 

CHART FOR DI AL INDICATO R MEASUREMENTS 

POlltlon of 
dill indiQt<Jr 

U~ 

No. A • , 0 

Cor'let ion for bt¥;"11 cI .. raro:~ , 0 

D~ I Ind;,;.to. RNding " 0 

Tot~I 0 1 Lin~ 1 AI 2 
'" 

0 . . . .. 

'Totel Ven;,;.I.." •• ",,,,ity (out 01 'DOJnd). 
oOSYbt.ac l the smalle. No. from t .... I •• gor No. The dilferenct i. 

the loml horltonUlllecentric,ly. 
Al0234Pl 
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t-.... NdT AJCEJTABLE 
r---., 

1"'-

ACCEPTABLE 

0.05 0.10 
(.002) (.004) 

0.15 
(.006) 

'\ 
1\ 

1\ 

0.20 0.25 
(.006) (.010) 

TOTAL HORIZONTAL ECCENTRICITY 

T ota! Horizontal Eccentricity 

9. On the graph for total eccentriCity find the pOint of 
intersection 01 the lines for vertical eccentricity and 
horizontal eccentricity. 

10. If the po,nt of Intersection is in the range marked 
"Acceptable" the bore IS in alignment. If the POint 01 

intersecllon is in the range marked "Not Acceptable", the 
flywheel hOUsing must be changed 

Speciik:ations 



Alternators And Regulators 

Delco Remy Alternators 

7G7889 Alternator 

12V Voltage ratlllg 

Polarity ..... . ................... ..... NegGrnd 

Rolatlon ....... "." ............ . . Either D,reclion 

Speed for lestlng (rpm) .......... _ .... _ 2600106500 

Output (cold) . . .. . ........................... . ... 28 A @ 14V 

Output (cold) ........ " .. ". ." .... ,' .. ". 62A@ 14V 

Rated output (hot) al max speed ... 

Field current at rated voltage and 27° C (8O"f) ,_ 

60A 

_ 7to8A 

POSItive output termlllal torque ,_,6.2 lo8.0N om 
(55 to 71 Ib in) 

(1) Ground terminal torque .. .. . 1.7to2.9 N·m(15 to26 lbln) 

(2) Shalt nul lorque ....... .. ..... 95 to 109 N· m (70 to 80 Ib It) 
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Regulator (9G5235-lnside Alternator) 

No Adjustment Voltage setting 

Permissible voltage range ........................... ...... ... 13101SV 

3T6352 Alterllator 

Voltage rating. 

Polari ty .......... ........ ..... ..... ... ....... •. ..... .. ... .. 

Rotation 

Speed lor testing (rpm) . 

OUtput (cold) ......................... . 

Output (cold) .. . 

Rated output (hot) at max speed 

. ................... 24V 

NegGrnd 

Either Direction 

.. 2600 to 6500 

t5A@28V 

35A@28V 

.. . ...... .. . ..... 35A 

Field CUHent at rated voltage and 270C (80°F) . 2.5 to 32A 

Positive output terminal torque .. ... . ' .... ,.... . 6.2 to 8.0 N om 
(55 1071 tb In) 

( \ ) Ground ternllnallorque .... t ,7 to 2 9N o m (15 1026 Ib in) 

(2) Shaft nul torque. . 95 10109 N om (70 to 80 Ib 11) 

Regulator (3T6354 • Inside alternator) 

Voltage setting . 

Permissible vol tage lange 

NO Adfustment 

.... 26lo30V 

Specifications 



9G6079 & 6T1194 Alternators 

Voltage rating 

Polarity"" .. 

RolaliOn 

Output at 2000 rpm (cold) . 

....... 12V 

................. " .... NegGrnd 

. ..... Either Direction 

. ......... .. ..... 30A 

Output at 5000 rpm (cold) ............... _ _ ....... 57A 

Rated output (hot) __ ............. _....... ................ 61A 

(1) Torque for stud nut for battery 
connection .. _ .... _ ......... _ ........ 2.8 t04 5 Nom (25 to40lb In) 

(2) Torque for pulley nut .. .... 100 ± 7 N om (75 ± Sib tt) 

Voltage Regulator (3S8828) is Internally mounted and is not 
adjustable. 

9G6081 & 6T1196 Alternators 

Polari ty ........ 

RotatIOn. 

Output at 2600 rpm (coid). 

Output al 7000 rpm (cold). 

...... NegGrnd 

.. Either DirectlOl1 

. ...... 25A 

. ..................... 41A 

Rated output (hot) ............ .. ... ...... _ .... _ ................... .. ..... .;oA 

(1) Torque for stud nut for ballefY 
connection ....... 2.8 to 4.5 N ' m (25 to 40 Ib in) 

(2) Torque for pulley nut ............. " 100 ± 7 N· m (75 ± 51b It) 

Voltage Regulator (3T6354) is internally mounted and not 
adjustable. 

3208 Diesel Truck Engine 1-36 

Bosch Alternators 

B12738Pl 

7N9720 Alternator 

Voltage rallng ..................... ". 

Polarity _" ....... .. 

Rotation ..... _ .... . 

Speed for testing (rpm) 

Output (cold) 

Output (hot) .............. .. 

..." .. ..... 24V 

Neg Grnd 

Either Direction 

.................. 4000 

47A 
.. ..... 37A 

Field Current at 2BV and 250 C (77~F) .. 1.8A 

(1) Torque for pulley nut .......... 95 to IlON' m(70Io80Ibfl) 

(2) Torque for output terminal B+ ......... 7.51010 Nom 
(5_Sto7.0 Iblt) 

Torque for ground terminal .. ". 2.1 to 2.8 Nom (19 to 251n Ib) 

Regulator Number . . .. . .. ...... .............. .... ..... 9G7567 

Specifications 



CI0803P2 

9W3043 Alternator 

Voltage fallng . 

Polarity 

Rotation 

Speed for testing (rpm) 

Output (cold) ........... .. 

Output (hot) 

. ............ 24V 

.. NegGrnd 

Clockwse 

.... 5000 

40A 

52A 

Field current at 28V and 250(; (77Of) . . .. ................ 29A 

(I) Torque for pulley nut 50±5Nom (37± 4Ibfl) 

(2) Torque for outpul terminal B+ 7.8 ± 0.8 Nom 

(3) Torque for field 0+ terminal nut ...... 

(4) Torque for ground (B) terminal nul 

Torque for W lefmlnal (not shown) . 

Regulator Number 

3208 Diesel Truck Engine 

(70±7Ibin) 

1.70 ± 0.25 Nom 
(15±2Ibin) 

3.60 ± 0.8 Nom 
(32±7Ibin) 

2.25 ±0.25 Nom 
(20±2Ibin) 

.. 8C6145 
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Bosch Regulators 

B1274SPI 

9G7567 Regulator 

Voltage rating . 

Polarity .................... . 

Voltage settlflg range 

Max outpul al 28V 

8C6145 Regulator 

Voltage [at lng ........... . 

Polarity . 

voUage seiling rango 

Max output al28V .... 

o 

28V 

NegGrnd 

.................... 26.7to283V 

... 40A 

28V 

. ..... NegGrnd 

27.5to285V 

52A 

Specifications 

, 



Nippondenso Alternator 

Alternator Specifications 

Caterpillar No. 9G4574 8T97oo 

Voltage rat ing 24V 12V 
Polarity Neg Ornd 

Neg ""''' 
Rotation Either Clockwise 

Test speed (rpm) 5000 5000 

Rated output (hot) 35A 55A 
Output voltage 27,5+ I.QV 14.25 + .35V 

Turn on speed (rpm) 2000 2000 

100 ± 7N'm 100 ± 7 N' m 
(1) Pulley nut torque (75 + Sib II ) {75 + S Ib ttl 

C12708Pl 
29 ± 8N'm 

(2) B+ nut torque (21 ± 6Ibft) 

4 ± 1 N'm 8T9700 Alternator 
(3) B- nul torque (35 + 91b in) 

(2) Battery terminal 4.25 ± 0.85 N' m 
(8 ) torque (38 + 6 Ibin) Nippondenso Regulator 
(3) Ignition terminal 4.1 ± 1.0 N'm 
(lG) torque (36±9 Ib in) Regulator Specifications 

4.1 ± 1.0 Nom 
(4) (R) terminal (36 + glbin) 

(5) Ground terminal 4.25 ± 0.85 N· m 
lEI (38 + 6 Ib in) 

Caterpillar No TT2798 8T9693 

Voltage rat ing 24V 12V 
Polarity Neg Ornd Neg Ornd 

Voltage rsJ'l9fl 27.S :!: tV 14.25 ± .35V 

rn 0 

Cl 0874Pl 

TT2798 Regulator 

004574 Alternator 
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o o 

C12707Pl 

8T9693 AegulalOf 

Air Compressor 

2 

A12946pl 

(1) Torque for nut that holds the drill€ pulley ... ... .. .... 70 N*m 
(SO Ibtt) 

NOTE: Tighten nut more to get alignment of hole for cotler 
pin. 

(2) Torque for studs that hold the air 
compressor __ . , ........ ..... .. .. ... .. .... 70 ± 7 Nom (70 ± 51b II) 

3208 Diesel Truck Engine 

Starter Motors 

Delco Remy 

LB-2 639109P2 
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Delco-Remy Slarter Motors 

Vol tage 12V 
Caterpillar No. 4N8253 

Rotation as seen 
from the drive end CW 
No Load Speed 
Min-Ma)( rpm 4QOO..7000 

Current 
Consumption 140 to 
(Drawl with 215A 
solenoid at V' 

'12V Starter Motors Solenoid at IOV 
24V Starter Motors SoIeooid at 20V 

12V 
8C3643 

CW 

55()()"7800 

l00to 
170A 

(Il Termlnalnuttorque , ..... 27 .0 to 33.8 Nom (20to25!bftj 

(2) Screw torque .... 17.6to23.QN o m(13to17Ibft) 

Clearance between pinion and housing ... .. .. , .. , 8.3109.9 mm 
(.33 to .39 In) 

Prestolite 

Bl4814Pl 

• 

2 

Preslolite Starl ing Molor (24V) 

Caterpillar Number 964337 

Rotation as seen CW 
from the drive ood 

No Load Speed 5000 
Minimum rpm 

Current Consumption 65A 
(Draw) at 20V 

(I) Housing boll torque. ... .. . .... ....... 11 N· m(8 Ibft) 

(2) Terminal nul torque 27.0 to 33.8 N om (20 to 2SIb It) 

(3) Clearance between pinion and 
housing , .... , .... " ... ,."., .. , .. 0 5110127 mm (.02010 .0SOin) 
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24V 24V 
260900 se3647 

CW cw 

5500·9000 63()o'8400 

70tol10A 60 to 75A 

Bosch 

B38472Pl 

Bosch Starting Motors (24) 

Caterpillar Number 4N3181 3T6305 

Rotation as seen trom 
the drive end 

No Load Speed 
Minimum rpm 

Minimum Current 
Draw 

cw 

5500 

140A 

24V 
8C3651 

cw 

63(11).8400 

60 to 75A 

710798 

(1) Terminal nut torque , .. 27to33N-m {11 to13 Ibft) 

(2) Service limit 01 brushes ............... ' ..... . 17.5 mm(.69 ln) 

(3) Service limit 01 commutator diameter ... 48 mm (1 9 In) 
Pinion to ring gear c learance ........... . .... 1.5105.5 mm 

(.06 to ,22 In) 
Solenoid terminal torque ....... ... .... 4105 mm (.1610 .20 in) 

Specifications 



Starter Motor Solenoids 

Delco-Remy 

2 

Voltage ..... _ ... _ ... _ ... _ .. _._ .. 24V 

Caterpllar Pari Number 7T8854 

Current ConSUmp\!Dfl (Draw): 
Pull in windings ,.......... . .. 9 to 1 1.5A@5V 
Hold in windings. , .. " ... " ..................... 68 A ma;.::. @20V 

Voltage ... . " .. ....... ... ......... ....... 12V 

Caterpillar Part Number, 

Caterpillar Part Number , ............................. , .. 

7T025B 

_ .. 8T8822 

Current ConsumplrQ(l (Draw): 
Pull'ln WIndings .. 
HokJ.ln windings ............. . 

(1) 4M1815 Spring (contact release) 

28to35.7A@5V 
13to154A@IOV 

Length under test force 10.7 mm (.42 in) 
Test torce ..... _............... 40 ± 2 N (9.0 ± .S lb) 
Free length after test 21.1 ± 0 5 mm (.83 ± 02 in) 
Outside diameter 9.53 ±Q.25 mm ( 375 ±OlO in) 

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

Length under test force. . ........... 39,6 mm (l .56ln) 
Testloree. 62±2N(14.0±.5Ib) 
Free length alter test ....... 709 ± 0.5 mm (2.79 ± .02 in) 
Outside diameter 35.38 ± 0 35 mm (\ 393 ± .015In) 

(3) Torque lor small tefminal nuts 

Torque for large terminal nuts 

3208 Diesel Truck Engine 

1.8t034N om 
(16to30lbln) 

... 27.1 to33,7N om 
(20 to 251b II) 

1-41 

Prestolite 

A6791P1 

Voltage .. .... .. ................ .... .... .... 24V 

CaterPillar Part Number .. " .. " ... 3T8635 

Current Consumption (Draw). 

Pull ·in WIndings. 
Hold·in 'Nindings . ........ . 

Torque lor smalilermnals 

Bosch 

23,2 to 26,6A@ 12V 
.. 41to4,8A@I2V 

1, 7 to 2.2 N (1510 20 Ib In) 

Voltage ........................................... .... .... . . ..24V 

3T0868 Caler pillar Part Number 

Current Consumption (Draw) 

Pull-in windings ... ..... .. ...... 8,3 to 12,5A at 5V 
Hold-in windings ........................... 5.4 to 6.5A al20V 
ReSistance of pull-in windings 4 to .6 ohm 
ReSistance of hoId·in 'Nindings ...... 3 1 to 3.7 ohm 

Specifications 
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Shutoff Solenoids 

@ I 
~ 

@ 
\ ~ 

r---: 
L _ _ ...J 

[::J 

lJ 

1 2 3 4 5 6 

C12710Pt 

Caterpil lar Figure Voltage Coil Resista nce 
Number Number Rating at 25"C (n "F) 

6N3749 1 4.23 to 5.17 ohms 

6T4750 3 4.23 to 5 .17 ohms 

6T6 t 21 2 4.23 to 5.17 ohms 

lN8B83 3 12V 423 105.17 ohms 

8C5523 5 1 26 to 1.40 ohms 

9G3227 5 1 26 to 1.40 ohms 

9Nl068 6 4.3 to 5.3 ohms 

6T4126 4 17.7 to 21 .7 ohms 

6T6122 2 17.7 to 21.7 oIlms 

7N .... 1 24V 15.3 to 18.7 ohms 

7N8886 3 17.7 to 21.7 ohms 

8C5524 5 4.86 to 5.38 oOms 

9G3228 5 4.86 to 5.38 ohms 
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Systems Operation 

Fuel System 

Tile 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 
cyl inders. This fuel system has an injection pump for 
each cylinder of the engine. II also has a fuel transfer 
pump on the front of the in}ection 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 
o f the camshaft for the injection pumps. The carrier lor 
the governor weights is bolted to the rear of the 
camshaft for the injection pumps. The injection pump 
housing has a bearing al each end to support the 
camshaft. The camshaft for the sleeve metering fuel 
system is driven by the l iming gears at Ihe 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). 
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Schematic Of Fuel System 
(1) Fuel priming pump (closed position). (2) Fuel priming pump (open positiOn). (3) Return line to( constant bleed valve. (4) Constant bleed 
valve. (5) Manual bleed valve. (6) Fuel injection nozzle. (7) Fuel lank. (8) Fuel inlelline (9) Fuellilter. (10) Fuel line to injection pump. (11) Fuel 
transfer pump. (12) Fuel bypass val.-e. (13) Camshaft. (14) Housing lor fuel injection pumps. (Al Check valve. (6) Check valve. (e) Check valve. 
(D) Check valve. IF) Water Separator. 

NOTICE 
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 luU 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 fOf goverllOf 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. 
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Fuel from fuel lank (7) is pulled by fuel transfer pump 
(11) through water separator (F) (If so eqUipped) and 
fuel filter (9). From fuel filter (9) the fuel goes to 
hoUSing for fuel injection pumps (14). The fuel goes in 
housing (14) al the top and goes through inside 
passage (20) to fuel transfer pump (11) . 

Systems Operation 



Cross Section Of Fuel System With Oashpot Governor 
(1 1) Fuel transfer pump (13) Camshaft. (14) Housing for fuel injection pcmps. (15) lever (16) Governor housing. (17) Load slop pm. 
(18) Cover. (19) Sleeve control shafts (two). (20) Inside fuel passage. (21) Drive gear lor luellransler pump. (22) lever on governor shaft. 
(23) PIston for dashpot governor. (24) Spring for dashpot governor. (25) Governor spnngs (inr"lef" spring IS for low idle: outer spring is for high 
idle). (2t\) Spring seat. (27) Over fueling spring. (28) Thrust collar. (29) Load stop lever. (30) Carrier and governor weights. (31) Sleeve levers. 
(E) Orifice for dash POt. 

From fuel transfer pump (11), fuel under pressure, f ills 
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 al FULL LOAD IS 205 ± 35 
kPa (30 ± 5 psi). If the pressure of 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). 
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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 wil l cause sleeve control shafts (19) to turn . 
With this movement of tile 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 starling. 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 ParIs 
(23) Piston for c1ashpot governor. (24) Spring lor dashpol 
governor. (26) Spnng seat. (27) Over fueling Spring. (28) Thrust 
collar. 

When governor springs (25) are put in compression, 
the spring seat at the front of lhe governor springs Will 
make contact wllh load stop lever (29) Rotation of the 
load stop lever moves load stop pin (17) up until the 
load stop pm 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 InJOCtlon pump 

The carrier for governor weights (30) is held on the rear 
of camshaft (13) by bolts When engine rpm goes 1.4), 
InJeclion pump camshaft (13) turns faster. Any change 
of camshaft rpm will change the rpm and POSrtlOO 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 01 the governOf weights, sleeves (32) of the 
injection pumps are held at a specific position to send 
a specific amount of fuel to the engine cyflnders 

The parts of the dashpot work together to make the 
rpm of the engine steady. The dashpot works as piston 
(23) moves in the cylinder which is filled with fuel. The 
movement of Piston (23) In the cylLnder either pulls fuel 
into the cyfinder or pushes It out. In either direction the 
flow of fuel is through OfrtlCe (E). The restnctlOll 10 the 
flow of fuel by orifice (E) gives the governor liS 
function 

When the load on the engine decreases, the engine 
starts to run faster and governor weights (30) put lorce 
against Springs (25). This added force puts more 
compression on springs (25) and starts to put spring 
(24) In compresSIOn Spring (24) is In compreSSion 
because the fuel in the cylinder behind piston (23) can 
only go out through Oflfice (E). The rate of flow through 
orifice (E) controls how fast piston (23) moves. As the 
fuel is pushed out of the cylinder by piston (23), the 
compresSIOn of spring (24) becomes gradually less. 
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When springs (25) and spring (24) are both in 
compression, their lorees work together against the 
force of weights (30) This gives the effect of haVlflg a 
governor spring WIth a hlQh spring rate A governor 
Spring With a high Spring rate keeps the engine speed 
from haVing oscillations during load changes 

When the load on the engine Increases, the engine 
starts to run slower. Governor weights (3O) puts less 
force against spring (25). Spnng (25) starts to push 
seat (26) to give more luello the engine. Seat (26) is 
connected to piston (23) by spring (24). When seat (26) 
starts to move, the action puts Spring (24) in tension. 
As piston (23) starts to move. a vacuum is made inside 
the cylinder The vacuum Will pull fuel Into the cylinder 
through orifice (E). The rate of fuel flow through orifice 
(E) again controls how fast piston (23) moves Dunng 
this condition, spring (24) is pulling against springs 
(25) ThiS makes the movement of seat (26) and 
springs (25) more gradual. This again gives the effect 
01 a governor spnng With a high Spring rate. 

Fuel System Componenls 
(14) Housing lor fuellnjecllon pumps. (19) Sleeve control shafts. 
(31)$Iooveievers (32)Sleeves 

When the governOf control lever IS turned toward the 
FUEL-OFF position with the engine running, there is a 
reductlOll of force on governor springs (25). The 
movement of the linkage in the govemor Will cause luel 
contro( shalts (19) to move sleeves (32) down, and less 
fuel Will be InJ8Cted In the engine cyflnders 

To stop the engine, turn the Ignition switch to the "OFF" 
poSilIOfl. This Will cause the shut-otl solenOid to move 
linkage In the fuel pump housing. Movemenl of the 
linkage will cause sleeve levers (31) to move sleeves 
(32) down. and no fuel IS sent to the engine cyfinders. 
With no fuel going to the engine cyfinders, the engine 
Will stop 
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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 (Al and pulls fuel 'rom fuel tank (7). Pushing the 
handle in closes check valve CAl and opens check 
valve (8). This pushes a lf and/ or fuel into housing (14) 
through the fuel passages and check valve (C) . Mofe 
operation of priming pump (2) will pull fuel from fuel 
tank (7) until the fuel lines, fuel f ilter (9) and housing 
(14) are ful l of fuel. Do this untillhe flow of fuel from 
manual bleed valve (5) is free of air bubbles. 

Constant Bleed 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 lank (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 (0 ) makes a restriction in this 1I0w 
of fuel until the pressure in housing (14) is at 55 ± 20 
kPa (8 ± 3 psi). 
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Constant Bleed Valve 
(4) Constant bleed valva. (0) Check valve. 
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Fuel Injection Pumps 
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A. 9N5857 Fuel Injection Pump uses a reverse flow 
check valve (RFC) and is used in engines with 
serial nos. 2Z1 to 2Z13749. 

B . 4W5868 Fuel Injection Pump uses an orificed 
delivery valve (OOV) and is used in engines with 
serial nos. 2Z13750 to 2Z34220. 

C. 7W8040 Fuel lnjeclion Pump also has an orificed 
delivery valve (ODV). This fuel injection pump is 
used in engines with serial nos. 2Z24754 to 
2Z3422D' . 

D. 7C8927 Fuellnj8ction Pump uses an mificed 
reverse flow check. Valve (ORFC) is used in 
engines with ser ial nos. 2Z34221 -Up. 

"The engines rated at 240 hp at 2200 rpm and the air 
to air aftercooled (ATAAC) engines above 250 np that 
have 12.5" BTC timing use this fuel system, 
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Operation Of Fuel Injection Pumps 

The main components 01 a fuel Injection pump in the 
sleeve metering fuel system are barrel (A), p lunger (B), 
and sleeve (0) Plunger (8) moves up and down inside 
barrel (A) and sleeve (0). Barrel (A) is stationary while 
sleeve (0) is moved up and down on plunger (8) to 
make a change in the amount of fuel for injeclloo. 
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Fuel Injection Sequence 
(1), (2), (3) Injection stroke (positions) of a fuel injection pump. 
(4) Injection pump camShaft. (AI Barrel. (B) Plunger. (C) Fuel inlet. 
(0) Sleeve. (E) Fuel outlet. (F) Ufter. 

When the engine IS running , fuel under pressure from 
the fuel transfer pump goes in the center of plunger (8) 
through fuel inlet (C) during the down stroke of plunger 
(B). Fuel cannot go through fue! outlet (El at this time 
because it is slopped by sleeve (O), (see position 1). 

Fuel lnjecllOn starts (see position 2) when p lunger (B) is 
lifted up in barrel (Al enough to close fuel inlet (C). 
There IS an Increase in fuel pressure above plunger (B) , 
when the plung9f" is lifted by camshaft (4). The fuel 
above plunger {8l is injected into the engine cylinder. 

Injection wi ll 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 (8) go through fuel outiet (E) and return to the 
fuel injection pump housing. 
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When sleeve (D) is raised on plunger (B), fuel outlet (E) 
is covered 101' a longer time, causing more fuel to be 
injected in the engine cyl inders. tf sleeve (D) is low on 
plunger (B) fuel outlet (El is covered for a shorter time, 
causing less fuel to be Injected. 

Operation Of 9N3979 And 1W5829 Fuel 
Injection Nozzles 

The fuel inlet (6) and nozzle tip (13) are parts o f the 
nozzle body (11). Valve (8) is held in position by spring 
force. Force of lhe spring is controlled by pressure 
adjustment screw (3). Locknut (4) holds pressure 
adjustment screw (3) In position. The lift of valve (4) is 
controlled by lift adjustment screw (2). Locknut (10) 
holds hit adjustment screw (2) in position. Compression 
seal (7) goes on the nozzle body (11). 

Compression seal (7) goes against the fitting of fuel 
inlet (6) and prevents the leakage of compressioo from 
the cylinder. Carbon dam (12), allhe lower end of the 
nozzle body (11), prevents the deposit of carbon in the 
bore in the cyl inder head . 
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Fuel Injection Nozzle 
( I ) Cap. (2) Lilt 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) Orif ices (lour). 
(10) L.ockIlul lor 11ft adjustment screw. (1 1) Nozzle body. 
(12) Carbon dam. (13) Nozzle l ip. 

FUel, under high pressure from the fuel injection pump 
goes through the hole in fuel inlet (6). The fuel then 
goes around valve (8), lills the inside 01 the 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) 
hits , fuel under high pressure will go through the four 
0.325 mm (.0128 in) orifices (9) Into the cyl inder. When 
the fuel is sent to the cyl inder, the fOfce made by the 
pressure of the fuel In the nozzle body will become 
less. The force of the spring wlllihen be more than the 
force of the pressure of the fuel in the nozzle body. 
Valve (8) wil l move 10 the closed position. 
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Valve (8) is a close fll with the inSide of nozzle tip (13), 
this makes a positive seaJ 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 lubncatioo to the moving parts of the fuel 
injection nozzle. 

Operation Of 7000 Series Fuel Injection 
Nozzle 

The fuel injection nozzle goes through the cylinder 
head Into the combustion chamber. The fuel injection 
pump sends fuel wilh high pressure to the fuel injection 
nozzle where the fuel is made into a fine spray fOf 
good combustion. 

Fuel Injection Nozzle 
(1) Carbon dam. (2) Seal. (3) Spring. (4) Passage. (5) Inlet 
passage. (6) Onflce. (7) Valve. (8) Diameter. 

Seal (2) goes against the cylinder head and prevents 
leakage of compression from the cylinder. Carbon dam 
(1) keeps carbon out of the bore in the cylinder head 
for the nozzle. 

Fuel with high pressure from the fuel injection pump 
goes Into inlet passage (5). Fuel then goes Into 
passage (4) to the area below diameter (8) of valve (7). 
When the pressure of the fuel that pushes against 
diameter (8) becomes greater than the force of spring 
(3), valve (7) lifts up. When valve (7) lifts, the tip of the 
valve comes off the nozzle seat and the fuel will go 
through the four 0.29 mm (.011 in) orifices (6) into the 
combustion chamber. 
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The injection of fuel continues until the pressure of fuel 
against diameter (8) becomes less than the force of 
spring (3). With less pressure against diameter (8), 
spring (3) pushes valve (7) against the nozzle seat and 
stops the flow of the fuel to the combustion chamber 

Automatic Timing Advance Unit 

The automatic timing advance unit (2) is Installed on 
the front of the camshaft (3) for the engine. The 
automatic timing advance unit (2) drives the gear (1) on 
the camshaft for the fuel injection pump. This gear is 
the drive for the camshaft for the fuel InJecllOn pump. 
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Automatic Timing Advance Unit 
(1) Gear on camshaH for fuel injection pump. (2) Automatic timing 
advance unit. (3) Camshaft for the engine. 

The weights (4) in the liming advance are driven by 
two slides (6) that fit into notches made on an angle In 

the weights. The slides (6) are driven by two dowels 
which are in the drive gear for the engine camshaft. As 
centri fugal force (rotation) moves weights (4) outward 
against the force of springs (5), the movement of the 
notches In weights (4) Will cause the slides to make a 
change in the angle between the liming advance gear 
and the two drive dowels in the drive gear for the 
engine camshaft. SlllCe the timing advance unit drives 
the gear (1) on the camshaft for Ihe fuel injection 
pump, the fuel injection timing is also changed. 
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There are two different timing advance units used on 
the 3208 Truck Engine. One unit will give 50 of timing 
advance. and the other gives 3.50 of timing advance. 
The timing advance unit begins to advance the timing 
at low idle rpm and stops advance at rated engine rpm. 
No adjustment can be made to the automatic timing 
advance unit. 

Lubrication oil for the timing advance unit comes from 
drilled holes that connect with the front bearing for the 
engine camshaft. 

Automatic Timing Advance Unit 
(4) Weights. (5) Springs. (6) Slides. 
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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). 

,"-:"i11 
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Connections For Fuel lines At the Fuel Junction Block 
(1) Connection lor constant bleed line to housing fOf fuel injectiOn 
pumps. (2) Connection for coostant bleed line 10 fuel tank. 
(3) Connection lor fuel supply line 10 fuel fi lter. (4) Fuel junction 
block. (5) Connection for luel supply line to fuel lank. 

Water Separator 

Some engines have a water separator. The water 
separator is installed between the fuel tank and the rest 
of the fuel system. For efficiency in the action at 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 eff iciency of the 
water separator. 

The water separator can remove 95% of the water in a 
fuel flow of up to 125 liter/hr (33 gph) if the 
concentration of the water in the fuel is 10% or less It 
is important to check the water level in the water 
separator frequently. The maximum amount of water 
which the water separator can hold is 0.4 liter (.8 pt). At 
this point the water fills the glass to 3/4 full . Do not let 
the water separator have this much waler before 
draining the water. After the water level is at 3/4 fuO, 
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 1h 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 
tills with water faster and must be drained more often. 
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To drain the water separator, open drain valve (2) in 
the drain line and vent valve ( 1) at the top of the waler 
separatoc Let the water drain unlll ills all out of the 
water separator. Close both valves. 

Water Separator 
(1) vent valve. (2) Drain valve. 

Fuel Ratio Control With Hydraulic 
Override 

NOTE: The hydraulic override was added to the fuel 
ratio control to permit easier cold weather starting. 

The fuel ratio control limits the amount of fuel to the 
cylinders during an increase of engine speed 
(acceleration) to reduce exhaust smoke. The hydraulic 
override allows a maximum amount of fuel to the 
cylinders to star t the eng,ne. 

Bolt (12) in the fuel ratio control limits travel of the fuel 
control shaft in the FUEL ON direction only. As the 
engine accelerales the fuel control shaft makes 
contact with bolt (12) and will not go to the fuilluel 
position. When the turbocharger gives enough air 
pressure 10 give good combustion in the cylinders, the 
inlet manifold pressure goes through a line to air inlet 
(8) into air chamber (10). The air pressure In air 
chamber (10) pushes on diaphragm (11) wtuch moves 
bolt (12) down. When bolt (12) moves dOWn, the fuel 
control shaft can move 10 the full fuel position. 
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Fuel RatIO Control 
(1) Soieooid. (2) Wire. (3) Orifice. (4) Filling (oil ou tlet). (5) Screen. 
(6) all chamber. (7) Diaphragm (8) Air inlet. (9) Plunger. (10) Air 
chamber. (11) Diaphragm. (12) Boll. 

Wire (2) from solenoid (1) is connected to the start 
terminal of the starter SWitch. When the solenoid IS 
acllvaled by the starter switch. oillrom the rear 01 the 
right cylinder head goes through solenoid (1) to oil 
chamber (6). Oil pressure in 011 chamber (6) pushes on 
diaphragm (7) and plunger (9) which moves boll (12) 
down. The fuel control shaft can now go to the full fuel 
pOSition for easier starting. 

When the engine starts and the starter SWitch IS 
released, solenOid (1) closes and stops oil flow to oil 
chamber (6) Oil in 011 chamber (6) goes through screen 
(5), Orifice (3). and fitting (4). Oil now goes through a 
tube and drains into the left cylinder head. With no oil 
pressure in oil chamber (6). bolt (12) and plunger (9) 
move up. Bolt (12) will now limit the movement of lhe 
fuel control shalt until inlel manllold air pressure moves 
bolt (12) down. 
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c Fuel Ratio Control Without Hydraulic 
Override 
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Fuel Ral lO Control 
(1) Air Chamber. (2) Diaphragm. (3) Bolt. 

The fuel ratio control limits the amount of fuel to the 
cylinders during an increase of engine speed 
(acceleration) to reduce exhaust smoke. 
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Bolt (3) in the fuel ratio control limits the travel of the 
fuel control shalt In the FUEL ON direction only. As the 
engine accelerates, bolt (3) will not let the fuel control 
shaft go to tuillue! position. When the turbocharger 
gives enough air pressure to give good combustion in 
the cylinders, the inlet manifold pressure goes through 
a line into air chamber (1). The air pressure in air 
chamber (1) pushes on diaphragm (2) which moves 
\xlIt (3) down When boll (3) moves down, the fuel 
control shaft can move to the full fuel posit ion. 
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Air Inlet And Exhaust System 
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Air Inlet And Exhaust System 
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(1) Posit ive crankcase ventilation val ... es. (2) Air cleaner adaptel". (3) Turbocharger (4) Air inlet pipe. (5) Inlel manifold . (6) Exhaust manifold 

The 3208 Turbocharged Engine has a turbocharger 
located at the rear of the engine. The exhaust gases 
from all of the cylinders afe used 10 turn the 
turbocharger. Air is pulled through the air cleaner and 
adapter by the turbocharger compressor wheel. The air 
goes from Ihe turbocharger through air inlet pipe (4) to 
the inlet manifold in each cylinder head. The air enters 
the cylinders when the Intake valves open. 
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The exhaust gases go out of the cylinders and into the 
exhaust ports when the exhaust valves open. The 
exhaust then goes through the exhaust manifolds (6) to 
the turbocharger. The exhaust gases enter the 
turbocharger turbine housing and cause the turbine 
wheel to turn. The exhaust gases leave the 
turbocharger through lhe exhaust outlet. 

There IS a positive crankcase ventilation valve on each 
valve cover. The venlllallOn valves are connected to the 
air cleaner adapter on the air Inlet side of the 
turbocharger. 
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Turbocharger 

The turbocharger is supported by the mount at the rear 
01 the engine. All the exhaust gases from the diesel 
engine go through the turbocharger. 

The exhaust gases enter the turbine housing (3) and go 
through the blades of turb ine wheel (4) causing the 
turbine 'Nheel and compressor wheel (1 ) to turn. 

When compressQ( wheel (1) turns, it pulls f iltered air 
from the air cleaner through compressor housing (2) air 
inlet. The air is put in compression by action of 
compressor wheel (1) and is pushed to the inlet 
manifold of the engine. 

Wilen the engine load increases, more fuel is injected 
into the engine cyl inders. The volume of exhaust gas 
increases which causes the turbocharger turbine wheel 
and compressor impeller to turn faster. The increased 
rpm of the impeller increases the quantity of inlet air. 
As the turbocharger provides additional inlet air, more 
fuel can be burned. This results in more horsepower 
from the engine. 

Maximum rpm of the turbocharger is controlled by the 
fuel setting, the high idle speed setting and the height 
above sea level at wtllch the engine is operated. 

NOTICE 
If the high idle rpm or the fuel setting is higher than 
given in the Fuel Setting And Related Information 
Fiche (for the height above sea level at which the 
engine is operated), there can be damage to engine Of 

turbocharger parts. 

The bearings for the turbocharger use engine oil for 
lubrication. The oil comes in through the lubrication 
inlet passage (5) and goes through passages in the 
center section for lubrication of the bearings. Oil from 
the turbocharger goes out through the lubrication oullet 
passage (6) in the bottom of the center section and 
goes back to the engine lubrication system. 
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Turbocharger 
(Schwltzer) 
(1) Compressor wheel. (2) Compressor housing. (3) Turbine 
housing. (4) Turbine wheel. (5) lubrication inlet passage. 
(6) LubrICation out let passage. 
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{1} Compressor wheel . (2) Compressor housing. (3) Turbine 
housing. (4) Turbine wheel. (5) Lubrication inlet passage. 
(6) lubrication outlet passage. 
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Air To Air Aftercooled System 
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Air To Air Altercooled Schematic 

In the air to air aftercooler system, compressed 
turbocharger air is directed to a chassis mounted 
cooler in front of the radiator, Ambient temperature air 
is moved across the aftercooler to lower the inlet air 
temperature to approximately 45"C (110°F). The air 
then goes to inlet manifold (2) which is part of the 
cyl inder head. Cooling of the inlet air increases 
combustion efficiency, which helps to lower fuel 
consumption and increase horsepower output. 
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When intake valves (8) open, the air goes into the 
engine cylinder and is mixed with the fuel for 
combustion. When exhaust valves (7) open, the 
exhaust gases go out of the engine cylinder and into 
exhaust manifold (1). From the exhaust manifold, the 
exhaust gases go through the blades of the turbine 
wheel. This causes the turbine wheel and compressor 
wheel to turn . The exhaust gases then go out exhaust 
outlet (3) of the turbocharger, 

/3 
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Air Inlet And Exhaust System Schematic 
(1) Exhaust manifold, (2) Aftercooler/inlet manifold. (3) Exhaust 
outlet. (4) Turbine side of turbocharger. (5) Compressor side of 
turbocharger. (6) Air inlet. (7) Exhaust valve. (8) Intake valve. 

• 
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c Cylinder Head And Valves 

Cylinder Head And Valves 
(Camshaft With Roller Lifter Shown) 
(1) Push rod. (2) ulter. (3) Guide support. (4) Rocker arm shaft (5) Rocker arm. (51 Exhaust valve. (7) Valve seat Insert. (8) Intake valve. 
(9) Inner valve spring. ( t o) Outer valve spring. 

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

The intake and exhausl valves are opened and closed 
by movement of these components; crankshaft, 
camshaft. lifters, push rods, rocker arms, and valve 
springs. Rotation of the crankshaft causes rotal ioo 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 lifters to go up and down. This 
movement makes the push rods move the rocker arms. 
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The movement of the rocker arms will make the intake 
and exhaust valves in the cylinder head open and 
close accOl'"ding to the firing order (Injection sequence) 
of the engine. Two valve springs for each valve help to 
hold the valves in the closed poSition. 

NOTE: Some 3208 engines have camshafts that use 
roller lifters and others have camshafts that use flat 
lace lifters. 

There is one Intake and one exhaust valve for each 
cylinder The valve seat Insert lor the exhaust valve can 
be replaced. The intake valve seat may be a 
replaceable seat Insert or the seat may be machined 
and is part of the cylinder head. When the seat for the 
intake valve has been machined to the limits given In 
Speci fications, the cylinder head 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 

(Engines With Oil Filter Bypass Valve In 
Oil Filter) 
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Schematic Of Lubrication System 
(1) VacutnI pump Of air compressor. (2) Cylinder head. (3) Front cover lor the engine. (4) Oil mantlo!d. (5) Base 101" the oil cooief. (6) Oil pump 
bypass valVe. (7) Oil COCIIer. (8) 0 11 pump. (9) Cover lor oil pump. (10) Suction bell for oil pump. (11) Oil cooler bypass valve_ (12) Qil!il ter 
bypass valve. (13) Oil fillers. 

The iui:x"ication system uses a six lobe, rolor type oil 
pump (8). Bolts hold the cover for the oil pump (9) on 
Ihe Ironl cover for the engine (3). The gear on the 
crankshaft drives the outer rotor. The outer rotor has 
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rotation in a beanng in the front cover for the engine. 
The inner rotor goes on a shorl shaft in the front cover 
for the engine, The inner rotor is driven by the outer 
rotor, 
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011 pump bypass valve (6). in the cover for the oil 
pump (9) contrds 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 380 to 550 kPa (55 
to 80 psi) the bypass valve (6) will open. This permIts 
the oil that is not needed to bypass the system. 

Oil from the all pan IS pulled through the suction bell for 
the oil pump (10) by oil pump (8). The all is sent by the 
pump to an all passage in the front cover for the 
engine (3) Oil from this passage goes to the cylinder 
block and on to the 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 Oil coder bypass valve 
(11) 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 85 to 105 
kPa (12 to 15 psi) between the oil Inlet and the oil 
outlet Will open the bypass valve. 

Oil from lhe oil cooler goes to the all filters. Oil filter 
bypass valve (12) in the oil filters will lei the oil go 
around the filters if there IS a restriction In the filters 

There are two pressure outlets in the base for the all 
cooler. The pressure outlets are on the outlet side of 
the oil cooler and all filters. The pressure outlets are for 
the sendIng unit and sw tch tor the oil pressure 

011 from the all filters (13) goes through a passage in 
the cylinder block to oil manifold (4). The oil manifold is 
in the center of the cyl inder 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 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 
Uournals) 01 the crankshaft for the main bearings . 

011 gelS Into the crankshaft through holes in the 
bearing surfaces (journals) for the main bearings. 
Passages connect the bearing surlace (journal) for the 
main bearing with the bearing surface (jour nat) for the 
connecting rod The piston pins get lubrication from all 
thrown by other parts 

Oil for the rocker arms comes from the oil manifold (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 lett side IS near the front of the cylinder block. 
The passage to the cytinder head on the right side is 
near the rear of the cylinder block. 
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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 lhe front bracket on the left Side and in the 
rear bracket on the right side The all then goes up 
through the bracket and into the center of the shaft for 
the rocker arms. 011 goes along the center 01 the shaft 
to the bearings for the rocker arms. From the rocker 
arms, the all is pushed through small holes 10 give 
lubrication 10 lhe valves, push rods, li fters, and 
camshaft lobes. 

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

(» •. ---
6S796f'1 

1 (} (} (} ~ 

,~ ~ ~ ~ 
:' 

" , " .-
! J: ' .' .~ ...... -l' .. , 

1 ' , ' , , , , , , 
" " 

, 
" 

l f 
' ' 

1/ ,{ ' 
G£J ~ 

", 
" , cTJ [T] ~ 

....... ~cs 

I , • , , , I 

Schematic 01 011 Passages In Crankshall 

Systems Operation 



Lubrication System 

(Engines With Oil Filter Bypass Valve In 
Oil Cooler Base) 
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\ 
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Schematic Of LubricatiOn System 
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5 
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t 

11 12 

{tl Vacuum pump or air oompressor. (2) Cytindef head. (3) Front CO'lef lor the engine. (4jOil manifold. (5) Base for the oil cooler. (6) Oil pump 
bypass valve. (7) Oil cooler. (8) Oil pump. (9) Cover for oi l pump. (1 0) Suction bell for oil pump. (11) Oil cooler bypass valve. (12) Oil filler 
bypass valve. (13) Oil f ilters. 

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 en the 
crankshaft drives the outer rotor. The outer rotor has 
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rotation In a bearing in the fronl cover for the engine, 
The inner rotor goes on a short shaft in front cover for 
the engine. The inner rotor is driven by the outer rotor. 
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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 Inlo the engine is mom than 380 to 550 kPa (55 
to 80 psi), the bypass valve (6) will open. This permits 
the oillhal is nol needed 10 bypass the system. 

Oil from the oil pan is pulled through the suction bell for 
Ihe oil pump (10) by oil pump (8). The oil is sent by the 
pump to an oil passage in the Iront cover for the 
engine (3). 011 from this passage goes to the cylinder 
block and on to base for the all cooler (5) The base for 
the oil cooler is on the left Side of lhe engine, near the 
front of Ihe engine Oil cooler bypass valve (11). In the 
base for the oil cooler, will let the oil go around the oil 
cooler (7) when the oil is cold or it the restriction In the 
oil cooler is more than the other parts of Ihe system. A 
difference in pressure of 8510 105 kPa (12 to 15 psi) 
between the oil Inlet and the all outlet will open the 
bypass valve 

Oil from Ihe oil cooler goes to the all filters. 0 11 filter 
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 f ilters. 

There are two pressure outleis In the base for the all 
cooler. The pressure oullels are on the outlet side of 
the 011 cooler and ad fillers. The pressure outlets are fO( 
the sending unit and SWitch for the oil pressure 

Oil from the all filters (13) goes through a passage in 
the cylirlder block to oil manifold (4). The oil manifold is 
in the center of the cyl inder block, above the camshaft, 
and goes the fulilengih of the cylinder block. 01 goes 
from the oil manifold to Ihe bearings for the camshaft 
There are grooves in the bore in the cylinder block 
around the bearings for the camshaft. The bearing 
surfaces (journals) on the camshaft get lubricallOn from 
these grooves through a hole In the bearings for Ihe 
camshaft 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 sur faces 
Uournals) of the crankshaft fO( the main bearings. 

Oi! gets into the crankshaft through holes In the 
bearing surfaces Uournals) for the main bearings. 
Passages connect the bearing surface (journal) for the 
main bearing with the bearing surface Uournal) for the 
connecting rod. The piston pins get lubncatlon from 011 
thrown by other parts. 

Oil for the rocker arms comes from the oil manifold (4) 
through passages in the cylinder block. The passages 
in the cylinder btock are in alignment with a passage in 
each cyl inder head The passage to the cylinder head 
on the left side is near the fronl of the cylinder block. 
The passage to the cylinder head on the right side IS 
near Ihe rear of the cylinder block 
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The passage in each cylinder head sends the all 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 Ihe left side and In the 
rear bracket on the right Side. The oil then goes up 
through Ihe 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 
lubricallOn to the valves, push rods, lifters, and 
camshaft lobes. 

After the lubrication all has done its worK, it will return 
to the engine oil pan. 
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Cooling System 
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Cooling System With Standard Vertica l Radiator 
(1) Radiator cap. (2) Radiator top tank. (3) Radiator top hose. (4) Shunt line. (5) Housing tor water temperature regulators. (6) Return to 
housing for water temperature regulators. (7) Cylinder heads (two). (8) Vefli tube. (9) Surge lank. (10) Inside bypass. (11) Radiator bottom 
lank. (12) Radiator bottom hose. (13) Water pump. (14) Outlet line for oi l cooler. (I S) Oil cooler. (16) Inlel line for oil cooler. (t7) Cylinder block. 
(Al OrifiCes between cy linder heads and front cover. (Bl Orifice in oil cooler inlet. 
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Cooling System With Cross Flow Radiator 
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(1) Radiator cap. (2) Radiator lelt side tank. (3) Radiator top hose. (4) Shunt line (5) Housing for water temperature regulators (6) Return to 
houSing for water temperature regulators. (7) Cylinder heads (two)_ (8) Vent tube. (9) Surge lank. (10) Inside bypass. (I I ) Radiator right Side 
tank. (12) Radiator bottom hose. (13) Water pump. (14) Outlet line lor 011 cooler (15) Oil COOler. (16) Inlel line for oil cooler. (17) Cylinder blocll. 
(A) Orifices betwoon cylinder heads and Iront cover for the engine. (8) Orifice In ~I cooler Inlet 
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Cooling System With Vertical Radiator And Separate Surge Tank 
(1) Radiator cap. (2) Radiator top lank. (3) Radiator top hose. (4) Shunt line (5) HOOSlng for water temperature regulators. (6) Return 10 
housing lor water temperature regtjators. (7) Cylinder heads (two). (8) Vent tube. (9) Surge tank. (10) Inside bypass. (11) Radiator bottom 
tank. (' 2) Radiator bottom hose. (13) Water ptXl1p. (14) Oullelline lor oil cooler. (t 5) Oil cooler. (16) Inlet line for 011 cooler. (17) Cylinder block. 
(A) Orifices between cylinder heads and Iront oover. (8) Orifice In oil COOIef Inlet. 

Water pump (13) is installed on the fronl face of the 
frOflt cover for the engine and is drIVen by V-bel ts 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 lell side (as seen from 
the flywheel) of cylinder block (17) goes through orifice 
(8) to inlell1ne (16) and on to oil cooler (15), to cool the 
oil tor lubrication of the engine, and back to the front 
cover for the engine through outlet line (14). 
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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 temperature 
regulators (18) wilt be closed The coolant wilt 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 restrict ion in the inside 
bypass (10) and the coolant goes through radiator top 
hose (3) and into radiator lOp tank (2) or left side tank 
(2). Cootant then goes through the core of the radiator 
to the radiator bottom tank (1 1) or radiator right Side 
tank (11), where it is again sent through the cooling 
system. A smalt amount of coolant goes through inside 
bypass (10) when temperature regulators (18) are 
open. 
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Flow Of Coolant 
(3) Radiator top hose. (5) Housing (water temperature regulators), 
(6) Return to housing lor water temperature regulators. (10) Inside 
bypass. (18) Water temperature regulators (two). (C) Flow with 
warm coolant. (0) Flow with cold cootant. 
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Cooling system With Cross Flow Radiator And Separate Surge Tank 
(1) Radiator cap. (2) Radiator left side tank. (3) Radiator lop hose. (4) Shunt line (5) Hoosing lor walei'" temperature l"(l9ulators. (6) Return to 
housing for water temperature reglAators. (7) Cylinder heads (two). (8) Voot tube (9) Surge lank. (I 0) InSide bypass. It 1) Radiator fight side 
tank. (12) Radiator bottom nose. (13) Water pump. (14) Outlet line for Oil coder. (IS) Oil cooIcf. (16) Inlet line for 011 cooler. (17) Cylinder block. 
(AI Orifices between heads and front COVel". (B) Orifice in oil cooler inlet. 

NOTE: The water temperature regulators (18) are an 
important part of the cooling system. They divide 
coolant flow between radiator (2) and inside bypass 
(10) as necessary to maintain the correct temperature. 
If the water temperature regulators are not installed in 
the system. there is no mechanical control , and most 
of the coolant will take the path of least resistance 
through the bypass. This will cause the engine to 
overheat in hot weather In cold weather, even the 
small amount of coolant that goes through the radiator 
IS too much, and the engine will not get to normal 
operating temperatures. 
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Location 01 Water Temperature RegtJators 

The vertical radiator is made With a top tank (2) above 
the core and a surge tank (9) either above or separate 
from the top tank. Vent tube (a) connects radiator top 
tank (2) and surge lank (9). The cross flow radiator is 
made with a left Side tank (2) and a right side tank (11), 
separated by an inSide baffle. or a tank separate from 
the radiator. Vent tube (8) connects the surge tank (9) 
to the radiator. 
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Surge tank (9) has a shunt line (4) that connects to the 
inlet of water pump (13) Shunt line (4) must always go 
down hill. This shunltype 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). 

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). 

Location Of Vent Valve 

The vent valve is located in the front housing next to 
the temperature regulators. The vent valve is used to let 
the air out of the cooling system when the cooling 
system is fi lled. When the engine is in operation, the 
vent valve will close and not let coolant go through. 
This Will help increase the temperature of the coolant at 
low engine loads. 

Locations 01 Healer Connections 

3208 Diesel Truck Engine 

The front housing has several plugs that give access to 
water passages inside the housing. For the correct 
access points to install heater hoses, see the Locat ions 
Of Heater Connections picture. 

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 1.02 mm (.040 in) overSize for 
reconditioning. The cylinders in the block are at a 90° 
angle to each other. There are five 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. Valve seat 
Inser ts are used for the intake and exhaust valve and 
can be replaced. 

c Pistons, Rings And Connecting Rods 

The 3208 Truck engine uses both a two and a three 
ring piston. The two ring pistons have two rings which 
are located above the piston pin bore. There is one 
compression ring and one all control ring. The oil ring 
is made in one piece afld has an expaflsion spring 
behind it. The compression ring is also one piece and 
goes into an iron band that IS cast into the piston. Both 
the compression and the oil control rings are of the 
conventional type (not Keystone). 

The three ring piston is an aluminum casting with an 
Iron band for the two compression rings. All rings are 
located above the piston pin bore. The two 
compression rings are of the Keystone type and seat in 
an iron band that is cast into the piston. Keystone rings 
have a tapered shape and the movement of the rings 
in the piston groove (also of tapered shape) results In a 
constantly changing clearance (scrubbing action) 
between the ring and the groove. This action results in 
a reduction of carbon deposit and possible sticking of 
rings. The oil ring IS a standard (conventional) type and 
is spring loaded. 

The piston pin is held in the piston by two snap rings 
which go into the piston pin bore 
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Pistons with different compression ratios are used for 
3208 Truck Engines. The pistons must not be 
interchanged with pistons of a different compression 
ratio. 

The piston pin end of the connecting rod is tapered to 
give more bearing surface at the area of highest load. 
The 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 crankshaft. The 
crankshaft can have either six or eight counterweights. 
A gear on the front of the crankshaft 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 . 

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 flywheel ring and the 
inner hub. 
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Cross SectiOn Of A Vibration Damper 
(1) Flywheel ring. (2) Rubber ring. (3) Inner hub 

Electrical System 

I 
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\ 

The electrical system can have 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 circuil are 
both connected to the same side of the ammeter. The 
starting circuit connects to the opposite side of tne 
ammeter. 

NOTICE 
Never operate the alternator without the battery in the 
circuit. Making or breaking an alternator connection 
with heavy load on the circuit can cause damage to the 
regulator. 

Systems Operation 



Charging System Components 

Alternator (Oelco-Remy) 

The alternator IS driven by V-belts from the crankshaft 
pulley This alternator is a three phase, self-rectifying 
charging unit, and Ihe regulator is part of the alternator. 

This alternator design has no need for slip rings or 
brushes. and the only pari that has movement is the 
rotor assembly. All conductors thai carry current are 
stationary. The conductors are the field winding, stator 
windings, six rectifying diodes and the regulator circuit 
components 

The rotor assembly has many magnetic poles like 
fingers with air space between each opposite pole. The 
poles have residual magnetism (like permanent 
magnets) that produce a small amount of magnet-like 
lines of force (magnetic field) between the poles. As 
the rotor assembly begins to turn between the field 
winding and the stator windings, a small amount of 
al ternating current (AC) is produced in the stator 
windings from the small magnetic lines of force made 
by the residual magnetism of the poles This AC 
current is changed to direct current (DC) when it 
passes through the diodes of the rect ifier bridge Most 
of this current goes to charge the battery and to supply 
the low amperage circuit, and the remainder is sent on 
to the field windings. The DC currenl flow through the 
field windings (wires around an iron core) now 
Increases the strength of the magnetic lines of force. 
These stronger lines of force now increase the amount 
of AC current produced in the stator windings The 
increased speed of the rotor assembly also increases 
the current and voltage output of the alternator. 

The voltage regulator is a solid state (transistor, 
stationary parts) electroniC switch. It feels the VOl tage in 
the system and switches on and off many times a 
second to control the field current (DC current to the 
field windings) for the alternator to make the needed 
voltage output. 
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Deloo-Remy Alternator 
(1) Regulator. (2) RoHe!" bearing. (3) Stator winding. (4) Ball 
bearing. (5) Recti fier br idge. (6) Field windmg. (7) Rotor assembly. 
(8) Fan. 

Alternator (Bosch) 

The alternator is driven by V-belts from the crankshaft 
pulley. This alternator is a three phrase, self-rectifying 
charging unit, and the regulator is part of the alternator. 

The 7N9720 Al ternator has an output of 37 A. The 
9W3043 Alternator has an output of 40A. 

Bosch Alternator 
(1) Fan. (2) Stator winding. (3) Field wmding. (4) Regulator . (5) Ball 
bearing. (6) Roller bearing. (7) Rotor. (8) Rectifier assembly. 

Systems Operation 



This alternator design has no need for slip rings or 
brushes, and the only part that has movement is the 
rotor assembly. All conductors that carry current are 
stationary. The conductors are: the field winding, stator 
windings, six rectifying diodes, and the regulator circuit 
components. 

The rotor assembly has many magnetic poles like 
fingers wi th air space between each opposite pole. The 
poles have residual magnetism (l ike permanent 
magnets) that produce a small amount of magnet-like 
lines of force (magnetic field) between the poles . As 
the rotor assembly begins to turn between the f ield 
winding and the stator wind ings, a small amount of 
alternating current (AC) is produced in the stator 
windings from the small magnetic lines of force made 
by the residual magnetism of the poles. This AC 
current is changed to direct current (DC) when it 
passes through the diodes of the rectifier bridge. Most 
of this current goes to charge the battery and 10 supply 
the low amperage circuit, and the remainder is sent to 
the field windings. The DC current flow through the 
field windings (wires around an iron core) now 
increases the strength of the magnetic lines of force. 
These stronger lines of force now increase the amount 
of AC current produced in the stator windings. The 
increased speed of the rotor assembly also increases 
the current and voltage output of the alternator. 

Alternator (Nippondenso) 

The Nippondenso al ternator has three-phase, full-wave 
rectif ied output. It is brushless. The rotor and bearings 
are the only moving parts . There is a 24 vol t, 9G4574 
Alternator wi th 35 amp output and a 12 vall, 8T9900 
Alternator with a 55 amp output 
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9G4574 Nippondenso Alternator 
(1) Fan. (2) Front frame assembly. (3) Stator assembly. (4) Rotor 
assembly. (5) Field winding (coil assembly). (6) Regulator 
assembly. (7) Condenser (suppression capacitor). (8l Rect if ier 
assembly. (9) Rear frame assembly. 

When the engine is started and the rotor turns inside 
the stator windings, three-phase alternating current 
(AC) and rapidly rising voltage is generated. 

A small amount of alternating current (AC) is changed 
(rectif ied) to pulsating direct current (DC) by the exciter 
diodes on the rect ifier assembly. Output current from 
these diodes adds to the initial current which flows 
through the rotor field windings from residual 
magnetism. This will make the rotor a stronger magnet 
and cause the alternator to become activated 
automatically. As rotor speed , current and voltages 
increase, the rotor field current increases enough until 
the alternator becomes fully activated . 

The main battery charging current is charged (rectified) 
from AC to DC by the other positive and negalive 
diodes in the rectif ier and pack (main output diodes) 
which operate in a full wave linkage rect ifier circuit. 

Alternator output is controlled by a regulator, which is 
inside the alternator rear frame. 

Alternator Regulator (Bosch) 

The vol tage regulator is an electroniC switch. It feels the 
vol tage in the system and gives the necessary field 
current (current to the field windings of the alternator) 
for the alternator to make the needed voltage. The 
voltage regulator controls the field current to the 
alternator by switching on and off many times a 
second. 

Systems Operation 



Alternator Regulator (Nippondenso) 

The regulator is fastened to the alternator by two 
different methods One method fastens the regulatOf to 
the top, rear of alternatOf. With the other method the 
regulator IS fastened separately by use of a wife and a 
connector that goes into the alternatOf. 

The voltage regulator is a solid state electronic switch 
It feels the voltage in the system and gives the 
necessary field current (current to the field WIndings of 
the alternator) for the alternator to make the needed 
voltage. The voltage regulator controls the fie ld current 
to the alternator by SWitching on and off many times a 
second. There is no voltage adjustment for this 
regulator. 

Starting System Components 

Solenoid 

A solenoid is a magnetic switch that does two basic 
operations: 

a. Closes the high current starter motor circuit with a 
low current start switch Circuit. 

b. Engages the starter motor pinion with the ring gear. 

( , 

Typw:;al Solenoid SchematiC 

The solenoid switch is made of an electromagnetic 
(one or two sets of windings) around a hollow cylinder. 
There is a plunger (core) with a Spring load inside the 
cylinder that can move forward and backward When 
the start switch is closed and electricity is sent through 
the Windings, a magnetic field is made that pulls the 
plunger forward in the cylinder. This moves the shift 
lever (connected to the rear of the plunger) to engage 
the pinion drive gear with the ring gear. The front end 
of the plunger then makes contact across the battery 
and motor terminals of the solenoid , and the slarter 
motor begins to turn the flywheel of the engine. 
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When the start switch is opened, current no longer 
flows through the windings, The spring now pushes the 
plunger back to the Ofiginal position, and, at the same 
time, moves the pinion gear away from the fly..vheel. 

When two sets of windings in the solenoid are used, 
they are called the hold-in winding and the pull·in 
winding Both have the same number of turns around 
the cylinder, but the pull·in winding uses a larger 
diameter wire to produce a greater magnetic field 
When the start switch is closed, part of the current 
flows from the battery through the hold-In wmdings, 
and the rest flows through the pull-in windings to motor 
terminal, then through the motor to ground. When the 
solenOid is fully activated (connection across battery 
and motor terminal is complete), current is shut off 
through the pull·ln windings. Now only the smaller hold· 
in windings are in operation for the extended period of 
time it takes to start the englOe The solenoid will now 
take less current from the battery, and heat made by 
the solenoid Will be kept at an acceptable level. 

Starter Motor 

The starter motor IS used to turn the engine fly..vheet 
fast enough to get the engine running. 

Starter Motor 
(1) Field. (2) Solenoid. (3) Cluten (4) Pinion. (5) Commutator 
(6) Brush assembly. (7) Armature 

The starter motor has a solenoid. When the start SWitch 
is turned to the START POSition, the solenoid Wilt be 
activated electrically. The solenoid core will now move 
to push the starter pimon, by a mechanical linkage, to 
engage with the ring gear on the fly..vheel of the 
engine. The starter pinion Will engage With the flng 
gear before the electric contacts in the solenoid close 
the Circuit between the battery and the starter motor. 
When the Circuit between the battery and the starter 
motor is complete, the pinion Will turn the engine 
flywheel A clutch gives protection for the starter motor 
so that the engine, when it starts to run, cannot turn 
the starter motor too fast. When the start sWItch is 
released , the starter pinion will move away from the 
flywheel ring gear. 

Systems Operation 



Magnetic Switch 

A magnetic SWitch (relay) is used sometimes for the 
starter solenoid circuit. Its operation electrically is the 
same as the solenoid. Its function is to reduce the 
current load on the start switch and control current to 
the starter solenoid. 

Other Components 

Circuit Breaker 

The circuit breaker is a 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. 

T89119P1 

Circuit Breaker Schematic 
(1) Reset button. (2) Disc in open poSit ion. (3) Contacts. (4) DisC. 
(5) Battery Circuit terminals. 

3208 Diesel Truck Engine Systems Operation 
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Testing And Adjusting 

Fuel System 

Either too much fuel or not enough fuel for combustion 
can be the cause of a problem in the fuel system, 

Many times work is done 00 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. An overload 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 hne does not have a restr iction 
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. 
Open the drain valve on the fuel injection pump 
housing. Operate the luel priming pump until 
fuel without air comes from the drain lines. 
Close the drain valve. 

To remove air from the fuel injection lines, loosen the 
fuel line nuts 1/2 turn. Move the governor lever to the 
low idle position. Crank the engine with the starter 
motor until fuel without air comes from the fuel line 
connections. Ttghten the fuel line nuts. 

Check Engine Cylinders Separately 

An easy check can be made 10 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 periormance. Be sure to 
tighten each fuel line nut after the test before the next 
luelline 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. 
3. Dirty nozzle screen. 

c Fuel Injector Testing 

Testing of the injectors must be done off the engine. 
Use 5P4150 Nozzle Testing Group. For use of the 
5P4150 Nozzle Testing Group, refer to Special 
Instruction, Form No. SEHS7292. 

Fuel Injection Lines 

Fuel from the fuel injection pumps goes to the fuel 
injection nozzles through the fuel injection lines. 

When fuel injection lines are disconnected or removed, 
always put caps or plugs on the ends to keep dirt out 
of the lines. When fuel injection lines are installed, be 
sure all clamps and dampers are installed in their 
original location. 

Each fuel injeclion line of an engine has a special 
design and must be installed in a certain location. 
When fuel injection hnes are removed from an engine, 
ptlt identification marks or tags on the fuel tines as they 
are removed, so they can be put in the correct location 
when they ate installed. 

The nuts that hold a fuel injection line to an injection 
nozzle and injection pump must be t ightened to the 
correct torque. If the nut is loose, fuel will leak from the 
connection. If the nut is tightened too tight, the inside 
diameter of the line will become smaller and cause a 
restriction to the flow of fuel in the line. Use a torque 
wrench and a SP144 Fuel line Socket to tighten the 
fuel injection line nuts to 42 ± 7 N·m (31 ± 5 Ib ft). 



Fuel Injection Pumps 

When injection pumps, sleeves and hfters are removed 
from the injection pump housing, keep the parts of 
each pump together so they can be installed back in 
thelf 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 o f one pump in the barrel or sleeve 
of another pump. If one part is worn, Install a complete 
new pump assembly, Be careful when putting the 
plunger in the bore of the barrel or sleeve. 

When an InjeChOn pump is Installed correctly, the 
plunger is through the sleeve and the adjustment lever 
is engaged with the groove on the sleeve. The bushing 
thai holds the injectioo pump in the pump housing 
must be kept tight Tighten the bushing to 80 ± 7 Nom 
(60 ± 5 Ib ft). Damage to the housing will result if the 
bushing is too light. If the bushing is not tight enough. 
the pump will leak. 

Air Inlet Pipe 

NOTICE 
If the sleeves on one or more of the fuel injection 
pumps have been installed wrong, damage to the en­
gine is possible if cautions are not taken at first start­
ing. When the fuel injection pumps have been removed 
and installed with the fuel injection pump housing on 
engine, take the following cautions when first starting 
the engine. 

a. Remove the air cleaner leaving the air inlet pipe 
open as shown. 

b. Set the governor control at low Idle. 

A WARNING 

Be careful when plate is put against air inlet open­
ing. Due to excessive suction, the plate can be 
pulled quickly against air inlet pipe. To avoid 
crushed fingers, do not put fingers between plate 
and air inlet pipe. 

c, Start the engine, and It engine starts to 
overspeed (run out of control). put a steel plate 
over the a·r inlel as shown to stop the engine 

Finding Top Center Compression 
Position For No.1 Piston 

No 1 piston at top cenler (TOG) on the compression 
stroke is the starting point lor all timing procedures. 

1. Remove fitting (1) from the timing hole (3) In the 
front cover. Put bolt (2) In timing hole (3). 



Fitt ing And Bolt Location 
(11 Fillmg. (2) Bolt. 

2. Turn the crankshaft COUNTERCLOCKWISE (as 
seen from rear of engine) until bolt (2) will go into 
the hole in the drive gear for the camshaft. 

3. Remove the valve cover on the right side of the 
engine (as seen from rear of engine). The t\vo 
valves at the right front of the engine are the intake 
and exhaust valves for No. I cylinder. 

- , 

11/ 
IllSlelling Bolt 
(2) Boll. (3) Timng hole. 

4. The intake and exhaust valves for No 1 cylinder 
must now be closed and the timing pointer will be in 
alignment with the mC·1 on the damper assembly. 
The NO. 1 piston is now at top center on the 
compression stroke . 

Fuel System Adjustments 

Checking Fuel Injection Pump Timing; On Engine 

The liming 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 timng can be checked and if necessary. 
changed using the followll19 method. 

Checking Timing by Timing Pin Method 

Tools Needed 

6V4069 Pulle< 

3Pl544 Timing Pin 

1. Remove bolt (1) from the timing pin hole. 

Timing Hole Bolt 
{11 Bolt. 

2. Turn the crankshaft COUNTERCLOCK\o\IlSE (as 
seen Irom rear of eng ne) until timing pin (2) goes 
into the notch In the camshaft for the fuel injecllOn 
pumps. 

3. Remove the fitting from l iming hole (4) In the front 
cover. Put bolt (3) through the fronl cover and into 
the hole with threads in the timing gear. The boll 
from hole (5) can be used 

Timing Pin Installed 
(2) 3P1544 Timing Pin. 

I 

1 

, 

• 



Installing Bolt 
(3) 104539 801t, 5/16 in-18 NC, 63.5 mm (2.5 in) long (4) Timn"l9 
hole. (5) Hole. 

4_ If the timing pin is in the notch in the camshaft fOf 
the fuel InJection pumps, and boll (3) goes into the 
hole in the liming gear through tlmmg 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 tlmlrlg pin (2) In the notch in the camshaft. 
use the procedure that follows. 

locatiOn Of Cover 
(6) Cover for the tachometer (Inve assembly (7) Nuts 

a. Remove nuts (7) and the cover for the 
tachometer drive assembly (6). 

b. Remove the tachometer drive shaft (9) and 
washer (8) from the camshaft for the fuel 
injection pumps. 

NOTE: Tachometer drive shaft (9) and washer (8) are 
removed as an assembly. 

\ 
I , , 

1 

LocatlOO 0 1 Bolt 
(8) Washer. (9) Tachometer drive shalt. 

, • 
, 

, 

loosening Dnve Gear 
(10) 6V4069 Puller. (11) Bolts. 

c. Put6V4069 Puller (10) on the camshaft for the 
fuel injection pumps Tighten bolts (11) until the 
drive gear on the camshaft for the fuel InJection 
pumps comes loose. 

d. Remove the 6V4069 Puller 
e. Turn the crankshaft COUNTERCLOCKWISE (as 

seen from rear of engine) until bolt (3) goes into 
the hole in the timing gear. With timing pin (2) 
in the notch in the camshaft for the fuel 
injection pumps, and bolt (3) in the hole in the 
timing gear, the liming for the engne is COfrect. 

f. Install washer (8) and tachometer drive shaft (9). 
Tighten tachometer drive shaft to 149 ± 14 Nom 
(110 ± 10 Ib ft) Remove l iming pin (2). 
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Tachometer [)five Shaft 

g. Turn the crankshafltwo complete revolut ions 
COUNTERCLOCKWISE (as seen from rear of 
engine) and put ti ming pin (2) and bott (3) in 
again. If timing pin (2) and bolt (3) can not be 
installed do Steps a through 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 (1). Install 
cover for the tachometer drive assembly (6). 

Checking Engine Timing And Automatic Timing 
Advance Unit With 8T5300 Timing Indicator Group 
And 8T5301 Diesel Timing Adapter Group 

Tool. Needed 

8T5300 TIfTung Indicator Group 1 

8T5301 Diesel Timing Adapter Group 1 

8T5300 Tillllng Indicator Group 
(1) 8T5250 Engine Timing Indicator. (2) SP7366 Gable Assembly. 
(3) 6V2197 Magnetic Transducer (4) 5P7362 Cable. (5) 6V2199 & 
6V3093 Transducer Adapters. (6) SK4644 Fuse. 

The 8T5300 Timing Indicator Group must be used with 
an 8T5301 Diesel Timing Adapter Group. 

8T5301 Diesel Timing Adapter Group 
(7) 5P7437 Adapter. (8) 6V2198 Cable. (9) SP7436 Adapter. 
(10) 6'17910 Transducer. (11) SP7435 Adapter. (12) 6V301 6 
Washer, 

A WARNING 

A high pressure fuel line must be disconnected. To 
avoid personal injury or fire from 1uel spray, the 
engine must be stopped belore the fuel line is 
disconnected. 

When checking the dynamic liming on an engine that 
has a mechanical advance, Caterpillar recommends 
that the serviceman calculate and plot the dynamic 
timing speCifications first on a worksheet like Form No. 
SEHS8140. These worksheets are available in pads of 
50 sheets, order one Form No. SEHS8140. See Special 
Instruction, Form No. SEHS8580 for information 
required to calculate the timing curve. For the correct 
timing specifications to use, see the Engine Information 
Plate for the performance specification number and 
make reference to the Fuel Setting And Related 
Information Fiche. 

NOTE: For more information on acceptable tolerances 
for dynamic fuel injection timing, see Service 
MagaZInes dated 4-1·85 and 10·28·85. 

After the timing values are calculated and plolted, the 
dynamic t iming should be checked with the 8T5300 
Timing Indicator Group and the 8T5301 Diesel Timing 
Adapter Group. To do this, the serviceman must 
operate the engine from 1000 rpm (base rpm) to high 
idle and from high Idle to 1000 rpm (base rpm). 
Unstable readings are often obtained below lOCO rpm. 
He must record the dynamic liming at each 100 rpm 
and at the specilled speeds dUring both acceleration 
and deceleration. Then he should plot the results on 
the worksheet. 

Inspection of the plotted values will show if the fuel 
Injection timing is Wi thin specification and if it is 
advancing correctly. 



1. Make reference to Special Instruction, Form No 
SEHS8580 for complele service information and use 
of 8T5300 Timing Indicator Group. ,. 

2. Loosen all fuel line clamps that hold No.1 fuel 
injection line and disconnect fuel infection line (13) 
for No. 1 cylinder at the fuel intection pump. Slide 
the nut up and out of the way. Put 5P7436 Adapter 
(9) in its place and turn adapter (9) onto the fuel 
pump bonnet until the top of the bonnet threads are 
approximately even with the bottom of the "window" 
in the adapter. 

3. Put the 5P7435 Adapter (11) on 6V7910 Transducer 
(10) and put the end of the 5P7435 Adapter (11) in 
the "window' of the 5P7436 Adapter (9). 

, 

829497P2 . -
Transducer In PositiOn 
(10) Injecl!On transducer (13) FuellnjectlOO hne lor NO.1 c:y1indef. 

4. Put fuel Injection line (13) on top of 5P7435 Adapter 
(1 1). Instal15P7437 Adapter (7) and tighten to 40 
N·m 130 Ib tt). 

5. Remove fitting (14) from the front housing. Install 
transducer adapter (5) into hole fitting (14) was 
removed from. Tighten only a small amount. 

6. Push the TOC magnetic transducer (3) into the 
transducer adapter (5) until it makes contact with 
the camshaft gear. Pull it back out 1.6 mm (.06 in) 
and lightly tighten the knurled locknut. 

.... 829468P3 ',- ' 

Location 01 Fitting 
(14) Fitting 

7. Conneclthe cables from the transducers to the 
Engine Timing Indicator Make a calibration check of 
the indicator For caon check of the indicator. For 
calibration procedure, make reference to Special 
Instruction, Form No. SEHS8580. 

NOTICE 
Be sure all test equipment cables are routed so they 
will not come into contact with the V·belts or other 
rotating components. 

-

• 

I -

Transduce!" In Position 
(3) TDC magnetic transducer 

A WARNING 

Work carefully around an engine that is running. 
Engine parts that are hot, or parts that are moving, 
can cause personal injury. 

8. Start the engine and let It reach operating 
temperature. Then run the engine at appmximately 
one-half throttle for eight to ten minutes before 
measuring timing 

TAslina And Adiustina 



9. Run the engine at the speeds required to check low 
idle, timing advance and high idle. Record the 
engine timing indicator readings. If the engine timing 
is not correct, make reference to Fuel System 
Adjustments: On Engine, Fuel Injection Pump Timing 
(Timing Pin Method) for statiC adjustment of the fuel 
injection pump drive. 

10. If the timing advance is still not c()(rect, or if the 
operation of the advance is not smooth, make a 
repair or replacement of Ihe automatic advance 
unit. There IS no adjustment to the unit. 

Fuel Setting 

Tools Needed 

5P4203 Field Service Tool Group 

The procedure that fol lows for fuel seltlng can be done 
with the houSing for the fuel injection pumps either on 
or off the engine. 

NOTE: If the fuel injection pump group is equipped 
with a fuel ratio control, the control must be removed 
belQl"€ the fuel setting is checked or adjusted. 

Removal Of CoYers 
(1) Shutoff solenoid. (2) Top cover. 

NOTICE 
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. 

1. Remove shutoH solenoid (1) and cover (2). 

2. Pullhe 5P0298 Zero Set Pin (5), with 17.8507 on it, 
in the pump housing. 

; ..... "" Tm,.k J:n('lin ... 

3. Put adapter (3) and spring (4) over zero set pin (5). 
Use a 104533 Bolt and a 104538 Bolt to fasten 
adapter (3) to the housing for the fuel injection 
pumps. 

Installation Of Cover 
(3) 5P6602 Adapter. (4) 3J69S6 Spring. (S)SP0298 Zero Set Pm, 
with 17.8507 on It. 

4. Put screw (6) in the hole over pin (5) and spring (4). 

Installat ion 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. 



7 

Installation 01 Clamp 
(3) Aclapter. (7) 3Pl565 Collet clamp. 

8 . Put 5P6531 Point (9) on dial Ind icator (8). Pul lhe 
indicator assembly in clamp (7). 

Installation 01 Dial Indicator 
(7) 3Pl565 Collet Clamp. (8)3P1567 DIal IndICator. (9) 5P6531 
Contact Point, 57.2 mm (2.25 in) long. 

• • •• • • • .. .. .. .. 

Indicator Set On Zero 
(8)3P1567 Dial Indicator. (10) Pointers. 

9. Adjust dial indicalOf (8) so both pointers (10) are on 
-0· (zero). 

10. Use wrench (11) to turn the 8S7271 Screw (6) 
counterclockwise, Turn screw (6) six or more 
turns. 

a 

Loosenli1Q Screw (6) 
(11) 5P4205 wrench. 

11. Put the cl ip end 01 the 810500 Circuit Tester to a 
good ground. Put the other end of the 8T0500 
Circuit Tester on the load stop contact 

, 

8T0500 CirCUlI Tester 

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 011 dial 
indicator (8). Do this step several times to make 
sure the reading IS correct 

14. Make a comparison of this reading and the fuel 
setting in the Fuel Setting And Related Information 
Fiche. 

15. If the reading on dial indicator (8) is not correct, do 
the fa the following. 



Load Stop Adjustment 

Stop Bar Torque Control Group 

a. Use 'Wrench (18) and locknut (19). 

• 

AIS392Pl 

Adjustment Of Fuel Setting 
(16) Screwdriver (17) Adjustment screw. (18) Wrench. 

b. Use screwdriver (16) to turn adjustment screw 
(17) untillhe reading on dial indicator (8) is the 
same as the dimension given in the Fuel Setting 
And Related Information Fiche. 

C. When the adjustment is correct, lighten locknut 
(19). Check the adjustment again by dOing 
Steps 11 through 15 again. 

NOTE: The same tools thai are used in thiS procedure 
are also used for the fuel ratio control ad justment. 

l' 

A07366P2 20 

Adjustment Screw For Fuel Setting 
(17) Adjustment screw. (19) Locknut. (20) Load stop pin. 

T. o • 

Coil Type Torque Control Group 

COIL TORQUE 
SPRING AND 

PIN ASSEMBLY 

.... OJUSTABLE 
STOP 

A coi l type spring control group has been added to 
3208lruck engines rated at 160 kW (215 hp j @2200 
rpm. The new 4W9007 Pin Assembly (detail A) is a 
direct replacement for the load stop pin 4N0443 
effective with Engine Serial No. 2Z34221. This new pin 
assembly can be adapted to 3208 truck engines 
2Z13750 through 2Z34220, which have the above 
engine rat ing specifications. 

The coil type torque control group improves the torque 
rise as the engine lugs below tuilioad rpm. The pin and 
spring assembly are matched and must be kept 
together 

Leaf Type Torque Spring 

a. Write down the dimension that is on dial indicator 
(8). 

b. Write down the dimension given in the Fuel Setting 
And Related Information Fiche. 

C. Remove the test tools [adapter (3) , spnng (4), and 
dial indicator (8)] from the housing lor luel injection 
pumps. 

\ 
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Leaf Type Torque Spring 
(12) l ocation 01 shims. (13) Stop bar. (1 4) Leaf type torque 
spring. (15) Load stop pm. 

d. Install or remove shims at location (12) to get the 
correct dimension as given In the Fuel Setting And 
Related Information Fiche. The difference between 
the dimensions in (a) and (b) is the thickness and 
amount of shims to remove or install to gel 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. Inslalilhe test tools and do the test procedure again. 
Do this until the dimenSion on the dial indicator is the 
same as the dimension given in the Fuel Setting And 
Related Information Fiche. After the fuel setting is 
correct, remove the test lools, Install cover (2) and 
shutoff solenoid (1), 

Fuel Ratio Control Adjustment 

NOTE: The same tools are needed for the fuel raliO 
control adjustment that were used for the fuel selling. 
Make reference to Fuel Selling for the lools needed 
and instructions to Install the tools. 

NOTE: The fuel selling must be correct before an 
adjustment is made to the fuel ratio control. Make 
reference to Fuel Settmg. 

1. Remove shutoff solenoid (1) and cover (2). Install 
tools and ·zero· dial indICator as shown in Fuel 
Setting Steps 2 through 10. 

Removal 0 1 Covers 
(1) Shuto" solenoid. (2) Cover. 

2. To check the fuel rat io control selting, move the 
governor lever slowly to the high idle pOSition. Make 
a record of Ihe reading on the dial indicator. 
Compare the reading with Ihe speciflcaliOn given In 
the Fuel SeIling And Related Information Fiche. 

~ 

~y;.r9\,'\ " 
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Checking Fuel Ratio Controt Seiling 
(3) Botts 

3. If an adjustment is needed remove three bolts (3) 
from the fuel ratio control. Hold the governor lever in 
Ihe high idle POSition and turn flange (4) until the 
fuel ralio control setting is correct. 

T .......... Anrl Arli .... ,in ... 



Adjustment Of Fuel Ratio Control Setting 
(4) Flange. 

4. Move governor lever to low idle and again move the 
lever slowly to high idle to check the fuel rat io 
control setting, 

5. Install bolts (3). Flange (4) can be lurned a small 
amount 10 give alignment for bolts (3). 

6. Remove lools and install cover (2) and shutoff 
solenoid (1). 

Crossover Levers 

Tools Needed 

3P1546 Calibration Pin 

SP4206 W,onct; 

SP4209 G,""" 
SP72S3 SOCKet Assembly 

Checking Crossover Levers 

1 

1 

1 

1 

NOTE: The crossover levers normally do not need 
checking unless one or more of the following 
conditions exist (atter the timing is checked and the 
other corrections shown in Troubleshooting have been 
made): 

A. The engine produces too much black smoke. 
B. The engine runs rough because fuel delivery is 

nol even. 
C. Some cylinders continue to f ire at fuel shutoff 

position. 
D. The complete injection group is being 

reconditioned. 

NOTICE 
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 (1). 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) Shutoff solenoid. (2) Top cover. 

3. Put the 3P1546 Calibration Pin (3) in calibration hole 
as shown. 

4. Install the 5P6602 Adapter (l) as shown. Fasten it in 
position with a 104533 Bolt (5) and a 104538 Bol t 
(6). 

Installing Calibration Pin 
(3) 3P1546 Calibration Pin with 15.9410 on il. 

'" , ," 

, 

• 
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Installing 5P6602 Adapter And 857271 Screw 
(4) Screw. (5) 104533 Boll. (6) 104538 Bolt. (7) 5P6602 Aclapter. 

5. Put the 8S7271 Screw (4) (setscrew) in the hole 
over the calibration pin (3). Tighten the setscrew (4) 
to 2,3 to 2,8 Nom (20 to 25 Ib in) with the 2P8264 
Socket. 

" 
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Adjustment Of Low Idle Screw 
(8) Low idle screw. (9) Lever. 

t -=- ~ 

6. Ad/ust low Id(e screw (8) to poSItIOn lever (9) to 89 
± 1.0 mm (.35 ± ,04 in) from goverf)()f housing 
boss. 

Crossover Levers 
(10) Crossover lever. (t 1) Crossover lever. (12) Dowel pm. 
(A) Sleeve levers. 

7. Loosen the bolts that hold sleeve levers (A) and 
slide levers (A) out of the way. 

Installing 5P42D9 Gauge 
(13) 5P4209 Gauge (14) Shaft. (15) Shaft. 

8. Put gauge (13) on shafts (14) and (15). Slide gauge 
(13) toward crossover levers (10) and (11) unlil 
dowel pin (12) goes into hole in gauge (13). 

9. If dowel pin (12) must be hfted to go Into the hole In 
gauge (13), the levers must be adjusted. See 
Adjustment Of Crossover Levers 

10. If gauge (13) must be lifted more than 0.20 mm 
(.008 in) to let dowel pin (12) go Into the hole In 
gauge (13). see Adjustment Of Crossover Levers, 



Checking Clearance Of Crossover lever 
(13) SP4209 Gauge. (16) Feeler gauge. 

11. To check the maximum clearance of 0.20 mm 
(.008 in) that is acceptable under one side of 
gauge (13), hold the center and one side of gauge 
(13) aga nst sleeve lever shaft (15). Use a feeler 
gauge to check clearance. 

NOTE: After the checking of the crossover levers is 
complete, the two fuel injection pumps must be 
calibrated where sleeve levers have been moved to 
install 5P42Q9 Gauge. See Fuel Pump Calbration. 

Adjustment of Crossover Levers 

1. Remove the fuel shutoff solenoid (1) top cover (2) of 
the fuel pump housing and the cover over the 
torque control group. 

2. Remove the fuellhat is In the injection pump 
housing and the governor housing. 

3. Put the 3P1546 Calibrall()(l Pin (3) in calibration 
hole. 

4. Install the 5P6602 Adapter (7). Fasten it in position 
with a 104533 Boll (5) and a 104538 Bolt (6) 

5. Pullhe 857271 Screw (4) (setscrew) in the hole 
over the calibration pin (3). Tighten the setscrew (4) 
to 2.3 to 2.8 Nom (20 to 25 1b in) with the 2P8264 
Socket 

6. Adjust low idle screw (8) to position lever (9) to 89 
± 1.0 mm (.35 ± .04 in) from governor housing 
boss. 

3208 DiA~1t1 Trur.k F""inp 

Crossover levers 
(10) Crossover lever. (t 1) Crossover lever. (12) Dowel pin. 
(A) Sleeve levers. 

7. Loosen the bolts that hold sleeve levers (A) and 
slide levers (A) out of the way 

5P4209 Gauge Installed 
(ll)Crossover level' (12) Dowel pm. (13) 5P4209 Gauge. 

8. Loosen Ihe bolts that hold crossover lever (10) and 
(11) and move lever (10) off dowel pin (12). 

T ...... ; ..... A_'" " ... : ...... : .... 



Adjustment Of Crossover Lellers 
(13) Gauge. (14) Shaft. (15) Shaft. (16) 5P4206 Wrench. 

9. 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 (11) to 2.8 
± 0.2 Nom (24 ± 21b in). 

10. 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). 

11. If dowel pin (12) must be lifted to go into gauge, 
Ihe lever must be adjusted again . If gauge (13) is 
hfted, a maximum of 0.20 mm (.008 in) clearance 
is acceptable under one side of gauge (13). Use a 
feeler gauge to check clearance . 

12. Slide crossover lever (10) on to dowel pin (12). 
Torque the bol t that holds crossover lever (10) 10 
2.8 ± 0.2 Nom (24 ± 21b in) . 

Tightening Bolt 
(10) Crossover lever. (12) Dowel pin. (16) Wrench 

13. Check the adjustment again with the 5P4209 
Gauge. 

NOTE: After the adjustment of the crossover levers is 
completed, all of the fuel inject ion pumps must be 
calibrated . See Fuel Pump Calibration. 

Fuel Pump Calibration 

Tools Needed 

5P4203 Tool Group 

882243 Wrench 

5P6602 Adapter 

5P4205 Wrench 

104533 Boll 

104538 Boll 

857271 Screw 

5P7253 Socket Assembly 

5P4206 Wrench 

6V0190 Clamp 

3P2200 Sleeve Metering Calibration Tool Group 

NOTE: 3Pl540 Calibration pump must have the 
5P6557 Spring installed instead of the 1 P7377 Spring 

3P2200 Tool Group 
(I) 3P1540 Calibration Pump. (2) 4N218 Bushing. (3) 1 P7379 
MiCrogauge. (4) 3P1568 Dial Indicator with 3P2226 Collet. 
(5) 5P6510 Box. (6) 3PI545 Calibration Pin with 17.3734 on it , 
(in-line engines). (7) 3Pl546 Calibration Pin with 15.9410 on it. 
(Vee eogines). (8) 159836 Wrend1. 

Checking Fuel Pump Calibration 

The following procedure lor fuel pump calibration can 
be done with the housing for the fuel lnJeclion pumps 
on or off the engine. 

NOTICE 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

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 (9), top cover (10) 
01 the fuel pump housing and the cover over the 
torque control group. 

2. Remove the fuel Inat is in tne injection pump 
nousing and the governor housing. 

Removal 0 1 Covers 
(9) Shutoll solenoid. (10) Top cover. 

3. lnstal13P1S46 Calibration Pin (7) in the calibration 
hole. 

A32590P2 

Installing Calibration Pin 
(7) 31'1546 Calibration Pin with 15.9410 on It. 

4. Install SP6602 Adapter (13) as shown. Fasten it in 
position on the injection pump housing with a 
104533 Bolt (t 2) and a t04538 80lt (t4). 

5. Put 8S7271 Screw (11 ) in the hole over calibration 
pin (7). Tighten screw (11) to 2.3 to 2.8 N·m (20 to 
2Slb in). 

~ 
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Installing 5P6602 Adapter And 8$7271 Saew 
(11) Screw. (12) 104533 BOlt. (13) 5P6602 Adapter. (14) 104538 
Bolt 

Adjustment 01 Low Idle Screw 
(15) Low idle screw. (16) Lever 

6. Adjusllow idle screw (15) to pOSition lever ( 16) to 
89 ± 1.0 mm (.35 ± .04 in) from governor housing 
boss. 

7. Use the 852243 Wrench and remove the fuel 
injection pumps to be checked. 

NOTE: If pump is removed carefully, the sleeve will 
remain on the plunger. II the sleeve falls off the pump 
plunger during removal, find it immediately and replace 
It on the pump plunger before removal of another 
pump. The origInal sleeve must rema n with tne same 
pump plunger. 

NOTE: When sleeve IS installed on pump plunger, the 
narrower of the two lands on the sleeve must be 
toward top of pump (nearest the pump spring). 

8. Clean the barrel and plunger of calibration pump 
(I). Put clean diesel fuel on the calibration pump for 
lubrication. 

NOTE: Be sure that the spring on the calibration pump 
(1) IS the 5P6557 Spring instead of the 1 P7377 Spring 
which was installed on earlier calibrallon pumps. 



5P6557 Spnng And 1 P7377 Spring 

I 
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Installing Calibration Pump 
(1)3Pl540 Calibration Pump. 

A35814Pl 
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9. Put calibration pump (1) in the place of the pump to 
be checked with the flat place (20) on the plunger 
toward tang (17) on lever (18). When the calibration 
pump (1) is all the way in the bore , turn it 1800 in 
either clockwise or counterclockwise direction. Tang 
(17) on lever (18) is now in groove (19) of calibration 
pump (1). Then Install 4N218 Bushing (2). Use the 
8S2243 Wrench and a torque wrench to tighten the 
bushing to 80 ± 7 N·m (60 ± 5 Ib It). 

NOTE: Turning calibration pump (1) 180" gives the 
same reference point for all measurements. 

A35B13P2 
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Calibration Pump Installed 
(1) 3P1540 Cal ibration Pump. (17) Tang on lever. (18) Lever. 
(19) Groove of calibfation pump. (20) Flat on plunger. 

" 

20 

NOTE: Use 4N0218 Bushing (2) and calibration pump 
(1) together. The contact surfaces of the standard 
bushing, fuel injection pump and the housing for the 
fuel injection pumps are sealing surfaces Keep them 
clean and free of scratches to prevent leaks. 

----CD 
Putting Dial Indicator On Zero 
(3) Microgauge. (4)3P1568 Dial IndiCator with 3P2226 Collet. 
(21) Lockscrew. (22) Locknut. (23) 3P2226 Collet. 

10. Put dial indicator (4) on microgauge (3) and hold 
them together tightly. Loosen lockscrew (21) and 
turn the face of dial Indicator (4) to put the pointer 
at "0". Tighten lockscrew (21) . 

Remove dial indicator (4) from microgauge (3) Look at 
the face of dial indicator (4) and put dial indicator (4) 
on microgauge (3) again. The pOinter must move 
through one to one and one half revolutions before 
stopping at exactly '"0". If the number of revolutions is 
not correct. loosen the locknut on 3P2226 Collet (23), 



and adjust the position of the dial indicator until the 
adjustment is correct. 

NOTE: II locknut (22) on the 3P2226 Collet is too tight, 
it can cause mterlerence In the operation of the dial 
indicator. 

6V019Q Clamp Installed 
(24) Shaft. (25) SVO l 90 Clamp. 

11 . Put 6VOI 90 Clamp (25) in the position shown, next 
to the transfer pump end. Clamp (25) pushes shaft 
(24) down against the bottom of its bearing. The 
other end of shaft (24) is held down against its 
bearing by 3P1546 Calibration Pin (7) which is held 
by 8S7271 Screw (11). The combination of forces 
from clamp (25) and calibration pin (7) is 
necessary to hold shaft (24) is in its normal 
operallng position agamst the lifting force from the 
spring in calibration pump (1). 

ev--O 

-Oial lndlcalor Position 
(4) 3P1568 Oiallndlcator with 3P2226 Collet. (2S) Clamp. 

NOTE: When checking pumps on the ·slave" side 
(side oppoSIte Irom governor control lever (16)). put 
clamp (25) ()('l both ends of sleeve shaft as shown. 

12. Pul dial indicator (4) on the calibration pump (1) as 
shown. Hold it tighlly in place. Move shaft (24) 

toward the governor end 10 remove end play. To 
remove any clearance in the linkage, lift the crossover 
lever dowel and rapidly let il go. Do this several l imes. 
Then look at the reading on the dial indicator (4). 

Installing Clamp On ·Sleve" Side 
(25) SV0190 Clamps. 

13. If the dial indicator (4) reading is more than ± 
0.050 mm from ·0.000" (outSide the Total 
Tolerance). do Steps 17 through 20. Adjusting Fuel 
Pump Calibration. 

..... 1 

Dial Indicator Reading 
Desired reading lor all pumps is ·0.000". 

Maximum permissible tolerance for pump 
readings in any Fuel Injection Pump Group is 
0.100 mm (-0.050 to +0.050 mm on dial indicator). 

Maximum permissible differences between any 
two pumps in the same Fuel Injection Pump 
Group is 0.050 mm. 

Total Tolerance shows the maximum permiSSible 
range of pointer positions which are acceptable. 
If any reading is outside the range of Total 
Tolerance, do Adjusting Fuel Pump Calibration for 
all pumps. 



Band is an example only. It shows a 0.050 mm 
range. This range shows the maximum 
permissible difference between any two readings 
for all the pumps. If any two readings are farther 
apart than the 0.050 mm range, do Adjusting Fuel 
Pump Calibration for all pumps. 

If the dial indicalor (4) reading is near eilher end of the 
T alai Tolerance, check another pump. li the next 
readi ng IS outside the Total Tolerance or if the two 
readings have a difference of 0.050 mm or more, do 
the Steps 15 through 19, Adjustment Of Fuel Pump 
Callbratlon_ 

NOTE: The mechanic dOing the checking must make 
the decisions of which and how many pumps to check 
according to the symptoms of the fuel injection pump 
being tested 

14, If dial indicator (4) readings IOf all the pumps are 
WIthin the limits in Step 13 the calibration is 
acceptable Remove the tooling, and Install the 
parts which were removed_ 

NOTE: For troubleshooting purposes, if the dial 
indicator (4) reading ISO' or near "0', the calibration of 
the other pumps is probably in the tolerance 

Adjustment of Fuel Pump Calibration 

15. Remove all pumps wilh 8S2243 Wrench. 

16. Clean the barrel and pump of calibrat ion pump (1). 
Pul clean diesel fuel on the calibration pump (Il 
for lubricatIOn 

17. Install calibration pump (1) in the place 01 one of 
the pumps according to the procedure in Step 9. 

18. Loosen bolt (26) with 1 S9836 Wrench (8) or 
5P4206 Wrench Turn the lever (18) on shaft (24) 
enough to move the lop of plunger (28) of 
ca:ibratlon pump (1) below top surface (27) of 
calibration pump (1) Tighlen bolt (26) just enough 
for lever (18) to hold plunger (28) stationary 

o 

5P4206 wrench 
(18) Lever. (26) BoII_ (A) 5P4206 Wrench 

NOTE: When bolt (26) has the correct torque. push ing 
With a small amount of force on lever (18) through the 
wrench moves plunger (28) in calibration pump (1). 

19. Move shall (24) toward the governor to remove 
end play. Then push down on lever (18) through 
the wrench until top of plunger (28) is almost even 
with lop surface (27) of calibration pump (1) as 
shown. 

Plunger Posltion 
(1) calil>ratlon pump. (27) Top surface of calobrabon pump. 
(28) Plunger. 

20. Check dial indicator (4) according to Step 10 Then 
put dial Indicator (4) In place over the center 01 
calibration pump (1) and hold it there tightly. Now 
move plunger (28) of calibration pump (1) by 
pushing on lever (18) through the wrench. Stop 
moving the plunger when the dial indicator is at 
approximately 0.009 mm pasl ·O.O(XJ". Tighten bolt 
(26) 102.8 ± 0.2 Nom (24 ± 2 Ib In). 

NOTE: When moving plunger (28), make sure that the 
last direction of plunger (28) movement is in Ihe up 
direction. If plunger (28) goes up too far. move plunger 
(28) down to a posilion below that deSired Then move 
plunger (28) up to the deSired poSition. 



NOTE: The action of tightening bol t (26) usually 
changes the reading on dial indicator (4) by 
approximately (0.010 mm) In the minus direction. 

± 0.Q10 mm Calibrallon Tolerance 

CAUBRATION 
TOLERANCE 

Move shaft (24) toward shutoff several times to remove 
clearance in the linkage. Dial indicator (4) reading must 
be (0.000 ± 0.010 mm) as shown. 

When the pump calibration is correct make a record 
and then do the same procedure for all the other 
pumps. 

NOTE: When calibrating pumps on the "slave" side 
[side oppoSIte from governor control lever (16)], put 
clamp (25) on both ends 01 the sleeve shaft as shown. 

Installing Clamp On "Slave" Side 
(25) 6VOl90 Clamps. 

Governor Adjustments 

NOllCE 
A mechanic with training in governor adjustments is 
the only one to make the adjustment to the set point 
rpm. 

Engine rpm must be checked with an accurate 
tachometer. 

Low Idle Adjustment 

NOTE: The correct LOW IDLE rpm is given in the Fuel 
Setting And Related Information Fiche. 

A WARNING 

To help prevent an accident caused by parts in 
rotation, work carefully around an engine that has 
been started. 

Start the engine and run until the temperature 01 
normal operation IS reached. Check low idle rpm with 
no load on the engine. If an adjustment is necessary, 
use the procedure that follows: 
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Adjustment 01 Low Idle RPM 
(1) Adjustment bolt 101" low idle. (2) Locknut. 

, ' -;. :\;;.. 
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Adjustment 01 Low Idle RPM 
(1) Adjustment bolt 101" low idle. (2) LocKnut. (3) Cover. 

To adjust the LOW IDLE rpm, start the engine and 
run with the governor In the low idle position. 
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Loosen locknut (2) for low idle screw (1) Turn the low 
idle screw to gel the correct low idle rpm. Increase 
engine speed and return to low Idle and check low idle 
speed again. Tighten Ihe locknut. 

Checking Set Point (Balance Point) 

The engine set point is an adjusted specification and is 
Important to the correct operation of the engine. High 
idle rpm is NOT an adjusted specification. Set paint 
(formerly balance point) IS full load rpm plus an 
additional 20 rpm. Set point is the rpm at which the fuel 
setting adjustment screw and stop or first torque spring 
Just start to make contact. At thiS rpm the fuel setting 
adjustment screw and stop or first torque spring still 
have movement between them. When additional load IS 
put on the engine, the fuel setting adjustment screw 
and stop or first torque spring Will become stable 
against each other. Set point is controlled by the fuel 
setting and the high idle adjustment screw, 

There is a new and more accurate method for checking 
the 'set point," formerly called the balance point, of the 
engine. If the tools lor the new method are not 
available, there is an alternate method for checking the 
'set pOint" 

Tools Needed 

6V4060 Engine Set Point IndicatOl'" Group 

( '~--: I~\\" 
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6V4060 Engine Set Point IndiCatOf Group 

The 6V4060 Engine Set Poinllndicator Group with the 
6V2100 Multitach can be used to check the set pOint. 
Special Instruction, Form No SEHS7931 gives 
instructions for installation and use of this tool group. 

Alternate Method 

Tools Needed 

BT0500 Circuit Tester 

6V3121 Multitach Group 

tf the set point is correct and the high idle speed IS 
within specifications, the fuel system operation of the 
engine IS correct. The set point for the engine IS: 

A. At 20 rpm greater than fu ll load speed. 
B. The rpm where the fuel setting adjustment 

screw and stop or first torque spring Just make 
contact. 

Use the procedure that follows to check the sel pomt 
Make reference to Techniques For Loading Engines in 
SpeclallnstrucllOn, Form No. SEHS7050 

1. Connect a tachometer which has good accuracy to 
the tachometer drive, 

2. Connect the clip end of the 8T0500 Orcuit Tester to 
the brass terminal screw (4) on the governor houSing. 
Connect the other end of the lester to a place on the 
fuel system 'Nhich is a good ground connection. 

--
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T emuna' Location 
(4) Brass terminal screw 

A WARNING 

Work carefully around an engine that is running. 
Engine parts that are hot, or parts that are moving, 
can cause personal injury. 

3. Start the engine. 

4. With the engine at normal condl\ions for operation, 
run the engine at high idle. 

5. Make a record of the speed of the engine at htgh 
idle. 



6. Add load on the engine slowly until the Circuit tester 
light just comes on (minimum light output). This is 
the set point. 

7. Make a record of the speed (rpm) at the set point 

8. Repeat Step 6 several times to make sure that the 
read ing is correct. 

9. Stop the engine. Make a comparison of the records 
from Steps 5 and 7 with the information from the 
Engine Information Plate. If the Engine Information 
Plate is not available, see the Fuel Setting And 
Related Information Fiche. The tolerance f{)( the set 
point is ± 10 rpm. The tolerance for the high idle 
rpm is ± 50 rpm. If the readings from Steps 5 and 7 
are within the tolerance, no adjustment is needed 

NOTE: It is possible in some applications that the high 
idle rpm will be less than the lower limit. ThiS can be 
caused by high parasitic loads such as hydraulic 
pumps, compresSOfs, etc 

Adjusting Set Point (Balance Point) 

1. If the set point and the high idle rpm are within 
tolerance, no adjustment is to be made. 

Adjustment Of Set POint 
(5) Adjustment screw. (6) Locknut. 

2. If the set point rpm is not correct, remove cover (3) 
and loosen locknut (6). Turn adjustment screw (5) to 
adjust the set poinlto the mid point of the 
tolerance. 

3. When the set point IS correct, check the high idle 
rpm. The high idle rpm must not be more than the 
high limit of the tolerance . 

If the high idle rpm is more than the high limit of the 
tolerance, check the governor spring and fly.veights. If 
the high idle rpm is less than the low limit of the 
tolerance, check for excess parasitic loads and then 
the governor spring and flyweights. 
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Engine Speed Measurement 

Tool, Needed 

6v3121 Mullitach Group 

" 6V4950 Injection Line Speed Pickup Group 

The 6V3121 Multitach Group can measure engine 
speed from a tachometer drive on the engine. 1\ also 
has the ability to measure engine speed from visual 
engine parts in rotation. 

o 

6V3121 Mullilach Group 

1 

1 

Speciallnslruclion, Form No. SEHS7807 is with the 
6V3121 Multitach Group and gives Instructions for the 
lest procedure. 

The 6V4950 Injection Line Speed Pickup Group is 
another diagnostic tool accessory that can be used 
with the 6V21 00 Multitach. It can be used on all 
Caterpillar Diesel Engines eqUipped with 6 mm (.25 in) 
single wall fuel injection Ines With this pickup group, 
engine speed can be measured quickly, automatically 
and with an accuracy of ± 1 rpm. 
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6V4950 Injection Une Speed Pickup Group 

Special Instruction, Form No. SEHS8029 IS with the 
group and gives Instructions for use of the 6V4950 
Injection line Speed Pickup Group, 

Air Inlet And Exhaust System 

Restriction Of Air Inlet And Exhaust 

There will be a reduction of horsepower and efficiency 
of the engine If there is a restriction in the air inlet or 
exhaust system. 

Air flow through the air cleaner must not have a 
restriction of more than 635 mm (25 m) of water 
difference in pressure. 

Back pressure from the exhaust (pressure difference 
measurement between exhaust outlet elbow and 
atmosphere) must not be more than 686 mm (27 in) 01 
water. 

Measurement Of Pressure In Inlet 
Manifold 

The efficiency of an engine can be checked by making 
a comparison of the pressure in the inlet manifold with 
the information given in the Fuel SeIling And Related 
Information Fiche, This test is used when there is a 
decrease of horsepower from the engine, yel lhere is 
no real sign of a problem with the engine 

The correct pressure for the Inlet manifold IS given In 
the Fuel Setting And Related Information Fiche. 
Development of this information is done with these 
conditions: 

a. 747 mm (29 4 In) of mercury barometric pressure. 

b. 229"C (85°F) outside air temperature 

c. 35 API rated fuel, 

Any change fom these conditions can change the 
pressure in the Inlet manifold, Outside air that has 
higher temperature and lower barometric pressure than 
given above will cause a lower horsepower and a lower 
inlet manifold pressure measurement than given in the 
Fuel Selting And Related InformatIOn Fiche. Outside air 
thai has a lower temperature and a higher barometric 
pressure will cause higher horsepower and a higher 
inlet manifold pressure measurement 

A difference in fuel rating will also change horsepower 
and the pressure In the Inlet manifold. lithe fuel is 
rated above 35 API, pressure in the inlet manifold can 
be less than given in the Fuel Setting And Related 
Information Fiche. If the fuel is rated below 35 API , the 
pressure In the inlet manifold can be more than given 
in the Fuel Setting And Related Information Fiche Be 
Sure That The Air Inlet And Exhaust Do Not Have A 
Restriction When Making A check Of Pressure In The 
Inlet Manifold. 

Use the lU5470 Engine Pressure Group to check the 
pressure In the Inlet manifold. 

1U5470 Engine Pressure Group 

This group has a gauge to read pressure in the inlet 
manifold. Special Instruction, Form No. SEHS8907 IS 
with the tool group and gives Information for its use, 
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Location For Pressure Test 
{A} Remove fitting and install test fitting 

Location For Pressure Test 
(Al Remove fitting and install test fitting. 

Turbocharger 

Every 7200 hours or if any unusual sound or vibration 
in the turbocharger is noticed, a quick check of bearing 
condition can be made without disassembling the 
turbocharger. ThiS can be done by removing the piping 
from the turbocharger and inspecting the compressor 
impeller. turbine wheel and compressor cover. Rotate 
the compressor and turbine wheel assembly by hand 
and observe by feeling excessive end play. The 
rotating assembly should rotate freely with no rubbing 
or binding. If there is any indication of the impeller 
rubbing the compressor cover or the turbine wheel 
rubbing the turbine housing, recondition the 
turbocharger or replace 'Nith a new or rebuilt one. 

End clearance is best checked with a dial indicator. 
Attach a dial indicator 'Nith the indicator point on the 
end of the shaft. Move the shaft from end to end 
making note of the total indicator reading. 

For the correct end play for the turbochargers see the 
Specifications Section. If end play is more than the 
maximum end play rebuild or replace the turbocharger. 
End play less than the minimum end play could 
indicate carbon build up on the turbine wheel and 
should be disassembled for cleaning and inspection. 

'T. 

Checking Turbocharger Rotating Assembly End Play 
(Typical Example) 

A more reliable check of bearing condition can be 
made only when the turbocharger IS disassembled and 
the bearings, shaft journal and housing bore diameters 
can actually be measured. 

Exhaust Temperature 

6V5000 Infrared Thermometer Group 

Use the 6V5000 Inlrared Thermometer Group to check 
exhaust temperature. Special Instruction, Form No. 
SEHS8149 is with the tool group and gives instructions 
for the test procedure. 

Air To Air Aftercooled Systems 

Tools Needed 

FT1984 Air To Air Attercooler Test ing Group 

FT1438 Dynamometer Testing Aftercooler 

Visual Inspection 

Inspect all air lines, hoses and gasket connections at 
each oil change. Make sure the constant torque hose 
clamps are tightened to the correct torque. Check the 
truck manufacturer's specifications for the correct 

1 
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torque. Check welded JOints for cracks and make sure 
all brackets are tightened in position and are In good 
condition. Use compressed air to clean cooler core 
blockage caused by debris Of dust. Inspect the cooler 
core fins for damage. debris or salt COfrosion. Use a 
stainless steel brush with soap and water to remove 
corrosion. 

A WARNING 

Pressure air can cause personal injury. 

When using pressure air for cleaning, wear a pro­
tective face shield. protective clothing and protec­
tive shoes. 

NOTE: When air to air aftercooler system parts are 
repaired and/or replaced, a leak test is recommended. 

The use of Winter fronts or shutters IS discouraged with 
air to air aftercooled systems. Winter fronts can only be 
used on truck models where tests have shown that the 
engine Jacket water will overheat before the inlet 
manifold air temperature is excessive. On these trucks, 
sensors and gauges or alarms are installed 10 indicate 
engine operating conditions befOfe excessive inlet 
manifold air temperatures are reached. Check with the 
truck manufacturer on winter front and shutter 
application. 

Air System Restriction 

Pressure measurements should be laken at the 
turbocharger ouliet and inlet manifold. When the total 
pressure drop of the charged air system at maximum 
air flow exceeds 13,5 kPa (4 in Hg), the air lines and 
cooler core must be inspected for Internal restriction 
and cleaned , repaired or replaced as necessary. 

Turbocharger Failure 

A WARNING 

Pressure air can cause personal injury. 

When using pressure air for cleaning, wear a pro­
tective face shield, protective clothing and protec­
tive shoes. 

The maximum air pressure must be below 205 kPa 
(30 psi) for cleaning purposes. 

II a turtxlcharger fai lure occurs, remove the air 10 air 
cooler core and flush internally with a solvent thai 
removes 011 and olher fOfeign substances. Shake cooler 

10 eliminate any trapped debris. Wash wilh hot, soapy 
water; rinse thoroughly With clean water: and blow dry 
With compressed air In reverse direction of normal air 
flow. Carefully inspect the system to make sure It IS 
clean. 

NOTICE 
Do not use caustic cleaners or damage to the after­
cooler core will result 

Inlet Manifold Pressure 

Normal inlet manifold pressure with high exhaust 
temperalure can be caused by cooler core fin 
blockage. Clean the cooler core fins , see Visual 
Inspection for the cleaning procedure to use. 

Low Inlet manifold pressure and high exhaust manifold 
temperatures can be caused by any of the cond lions 
lhat fol low : 

1. A plugged air cleaner. Clean or replace the air 
cleaner as needed. 

2. A blockage In lhe air lines between the air cleaner 
and turbocharger. All restrictIOns must be removed. 

3. Cooler core leakage. Pressure test the cooler core 
see Allercooler Core Leakage for the correct 
procedure to use and repair or replace as needed. 

4. Leakage from the pressure side of the induction 
system. Check and repair leaks 

5. Inlet manifold leak Check lor loose missing and 
damaged fillings or plugs. Also check the manifold 
to cylinder head gaskets. 
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Aftercooler Core Leakage 

C07363Pl 

FT 1984 Air To Air Allercoolef Test Group 
II I Coupler. (2) Cham. (3) Dust plugs. (4) Nipple. (5) Regulator and 
valve assembly. (6) Tee. (7) Relief valve. 

A low power problem in the engine can be the result of 
aftercooler leakage. Low power, low boost pressure, 
black smoke, and/or high exhaust temperature can be 
the result of an aftercooler system leakage 

NOTICE 
Remove all air leaks from the system to prevent engine 
damage. In some operating conditions, the engine can 
pull a manifold vacuum for short periods of time. A leak 
in the aflercooler or air lines can let d irt and other 
foreign material into the engine and cause rapid wear 
and/or damage to engine parts. 

A large cooler core leak often can be found by making 
a visual inspecllOn. To check for smaller leaks, use the 
following procedure· 

1. Disconnect the air pipes from the inlet and outlet 
side 01 the aftercooler core. 

;, ...... 1 Tr ..... 1c ~n"in .. 

Tool ing Installed 
(1) Coupler. (2) Chain. (3) Dust plugs. 

2. Install couplers (1) and dust plugs (3) from the 
FT1984 Air to Air Aflercooler Test Group as shown 
ann each side of the aftercooler core. Installation of 
additional hose clamps on hump hoes is 
recommended to prevent the hoses from bulging 
while the aftercooler core is being pressurized 

A WARNING 

Dust plug chains (2) must be installed to the atter­
cooler core or the radiator brackets to prevent pos­
sible injury while testing. Do not stand in front 01 the 
dust plugs while testing. 

Pressurize System 
IS) Regulator and valve assembly. 

3. Instal! regulator and valve assembly (5) on lhe oullet 
side of Ihe aflercooler. Attach air supply. 

NOTICE 
Do not use more than 240 kPa (35 psi) air pressure or 
damage to the aftercooler core can be the result. 



4. Open air valve and pressurize the aftercooler to 205 
kPa (30 psi). Shut off air supply 

5. Inspect all connections for air leakage. 

6. System pressure should not drop more than 35 kPa 
(5 psi) in 15 seconds. 

7 . If the pressure drop is more than specified, use a 
solution of soap and water to check all areas of 
possible leakage and look for air bubbles. Replace 
hoses or repair the aftercooler core as needed. 

A WARNING 

To help prevent personal injury when the tooling is 
removed , relieve all pressure in the system slowly 
by using air regulator and valve assembly (5). 

8. Alter testing. remove FT Tooling and connect air 
pipes on each side of the aflercooler. 

Dynamometer Test 

Air to air aftercooled chassis dynamometer tests, in hal 
ambient temperatures, can add a greater heat load to 
the jacket water cooling system, therefore the Jacket 
water cooling system temperature must be monitored. 
Also, monitor the inlet air temperature as It may need a 
power correction factor along With fuel API, fuel 
temperature and barometric pressure. 

For engine dynamometer tesls, use the FTI438 
Dynamometer Testing Aflercooler. FTl438 provides an 
air to water aftercooler to control the Inlet air 
temperature to 43°C (110°F). 

Cylinder Compression 

An engine that runs rough can have a leak at the 
valves, or valves that need adjustment. Run the engine 
at the speed that gives rough running To find a 
cylinder that has low compression or does not have 
good fuellgnitton, loosen a 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 rough 
running. Be sure to tighten each fuel line nut after the 
test before the next fuel line nut is loosened This test 
can also be an indication that the fuel injection is 
wrong, so more checking of the cylinder will be 
needed. 

An analysis of the engine cylinder condition can be 
done with controlled pressure air through the cylinder 
head. SpeciallnstruC\iQf1, Form No. GMG00694 
explains the procedure 
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1. Remove the fuel injection nozzle 

2. Adapt an alt hose to lP5564 Adapter. Inslallthe 
1 P5564 Adapter in the fuel injection nozzle opening 
in the cylinder head. 

3. Start crankshaft rotation until the piston in the 
cylinder being inspected is at TC on the 
compression stroke. In thiS position, the valves of 
this cylinder will be against their seats. 

4. Force the air into the cylinder and then check for air 
leakage An air leak from the exhaust opening is an 
indication of exhaust valve leakage and an alf leak 
from the air cleaner inlel is an indication of Intake 
valve leakage If the air leakage is Into tile 
crankcase during this test, the piston or piston rings 
can be the cause. 

Valve Clearance Setting 

Check and adjust the valve clearance with eng ne 
stopped. 

Valve clearance is measured with a thickness gauge 
between the top of the valve stem and the rocker arm. 

Valve Clearance Check: Engine Stopped 

Exhaust 056100.71 mm (.022 to .026 in) 
Intake. 0.30 to 0 46 mm (.012 to .016 in) 

NOTE: When the valve lash (clearance) is checked, 
adjustment is NOT NECESSARY II the measurement IS 
In the range given In the chart for VALVE CLEARANCE 
CHECK: ENGINE STOPPED. If the measurement is 
outside this range, adjustment is necessary. See the 
chart for VALVE CLEARANCE SETTING ENGINE 
STOPPED, and make the setllng to the nominal 
(desired) specifications in this chart. 

Valva Clearance Setting: Engine Stopped 

Exhaust ... 0 64 mm (.025 in) 
Inlake . 0.38 mm (015 in) 

To check and make adjustment to the valve lash, use 
the procedure that follows: 

1. Remove the valve covers. 

; , 
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Cylinder, Valve And Pump Location 

L.. 

2. Turn the crankshaft COUNTERCLOCKWISE (as 
seen from rear of engine) until No. 1 piston is at top 
center on the compression stroke The lOC-' mark 
on the damper assembly will be In alignment with 
the liming pointer. 

3. Make adjustment to the valves tOf' No. 1 and No.2 
cylinders. To make the adjustment, loosen locknut 
(2). Turn the adjustment screw (1) untillhe feeler 
gauge (3) will go between the end of the valve stem 
and the rocker arm. 

- --
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Valve Lash Adjustment 
(1l Adjustment screw. (2) LocXlltJl. (3) Feeler gauge. 

4. After the adjustment is complete, hold adjustment 
screw (1) and tighten locknut (2) to 32 ± 7 N· m (24 
± 5 Ib It). After the locknut IS tightened, check the 
adjustment again. 

5. Turn the crankshaft 1800 COUNTERCLOCKWISE 
(as seen from rear of engine). The VS mark on the 
damper assembly will be in alignment with the 
timIng pointer. Make adjustment to the valves for 
NO.3 and NO.7 cylinders. 

Tightening Locknut 

6. Turn the crankshafl180° COUNTERCLOCKINISE 
(as seen from rear of engine) The TOC·' mark on 
the damper assembly Win be in alignment with the 
timing pointer. Make adjustment to the valves for 
NO.4 and NO.5 cylinders. 

7. Tu rn the crankshaft 1800 COUNTERCLOCKWISE 
(as seen from rear of engine). The VS mark on 
damper assembly will be in alignment with the 
timing pointer. Make adjustment to the valves for 
No.6 and No. a cylinders 

When the adjusbnent 01 the valve lash needs to be 
done several times in a shaft period of time, It can be 
an IndicatIOn of wear ir"l a dIfferent part of the engine. 
Find Ihe problem and make any necessary repairs 10 
prevent more damage to the engine. 

Not enough valve lash. II not corrected, can be the 
cause pf rapid wear 'of the camsnaft and cam 
followers. Not enough valve lash can also be an 
indication of the seats for the valves being bad Some 
reasons for the seats for the valves becoming bad are 
fuel injection noules with defects, restrictions to the 
Inlet air or dirty air filters, v'Irong fuel setting, or using 
the engi~e on loads that are too large for the engne. 

Too much valve lash. if not corrected, can be the .... 
cause for broken valve stems, push rods, or spring 
retainers. A ·fast increase in valve lash can be an 
Ind ication of any' of the following . 

a. Camshaft and cam follower with wear. 
b. Rocker arms With wear. 
c. Push rods that are bent. 
d. Loose adjustment screw for the valve lash. 
e. Broken socket on the upper end of the push 

rod. 
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If the camshaft and cam followers show signs of rapid 
wear, look for luelln the lubrication oil or dirty 
lubrication oil as a possible cause when making the 
necessary repairs. 

Procedure For Measuring Camshaft 
Lobes 

To find lobe hit (A) of camshaft, use the procedure that 
follows: 

1. Measurement lobe height (8) of one exhaust and 
one Intake lobe. 

2. Measure base circle (C) of one exhaust and one 
Intake lobe. 

3. Subtract base circle (C) dimenSion (Step 2) from 
lobe height (8) dimension (Slep 1). The oifference IS 
actual lobe lift (A). 

4. The specified (new) lobe lift (A) is. 

A 

B 

f+---C---...j 
A9131.9P2 

camshaft Lobe (Rollei' wfters) 
(A) lobe lift. (B) lobe height. (e) Base circle. 

Camshaft with Roller lifters: 

(a) Exhaust lobe .... , ... 
(b) Intake lobe 

,. 9.40mm (.370In) 
9.33 mm (.367 in) 
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Camshaft lobe (Flat Face LJ fl ers) 
(A) lobe lIlt. (B) lobe heigh t (C) Base Circle 

Camshaft with Flat Face litters: 

(a) Exhaust lobe .. 
(b) Intake lobe . 

. ..... 940mm (.370 in) 
9.06 mm (.357 in) 

5. The maximum permissible difference betvl'een 
actual lobe lift (Step 3) and specified lobe lift (Step 
4) is 025 mm (.010 in). 

Lubrication System 

One of the problems in the follOWing list Will generally 
be an IndicatIOn of a problem in the lubrication system 
for the engine. 

Too Much Oil Consumption 

Oil Pressure Is Low 

Oil Pressure Is High 

Too Much Bearing Wear 

Increased Oil Temperature 

Too Much Oil Consumption 

Oil Leakage on Outside 01 Engine 

Check for leakage at the seals at each end of the 
crankshaft. Look fO( leakage at the oil pan gasket arlO 
all lubrication system connechons Check to see II oins -.... 
coming out of the crankcase breather. This can be 
caused by combustion gas leakage around the pistons 
A dirty crankcase breather will cause high pressure in 



the crankcase, and this will cause gasket and seal 
leakage, 

Oil leakage Into Combustion Area Of Cylinders 

011 leakage Into the combustion area of the cylinders 
can be the cause 01 blue smoke. There are four 
possible ways for oil leakage into the combustion area 
of the cylinders: 

1. Oil leakage between worn valve gUides and valve 
stems. 

2. Worn or damaged piston rings or dirty oil return 
holes. 

3. Compression ring not installed correctly. 

4. Oil leakage pasl the seal rings in the impeller end of 
the turbocharger shaft. 

Too much oil consumption can also be the result of 
using oil with the wrong viscosity. Oil with a thin (low) 
viscosity can be caused from d irt or fuel getting in the 
crankcase, or by the engine getting too hot. 

Measuring Engine Oil Pressure 

I Tools Needed 

An oil pressure gauge that has a defect can give an 
indication of low oil pressure. 

The lU5470 Engine Pressure Group can be used to 
check engine oil pressure, 

1 U5470 Engine Pressure Group 

This tool group has a gauge to read oil pressure in the 
engine. Speclallnslruction, Form No. SEHS8524 is with 
the 1001 group and gives instructions for the lest 
procedure, 

1. Be sure that the engine is hlled to the correct level 
with SAE 10W30 011. H any other viscosity of oil is 
used, the information in the Engine 011 Pressure 
Chart does not apply. 

2. Connect the lU5470 Engine Pressure Group to the 
main oil manifold al location (A) or location (8). 

A91309P1 

Oil Pressure Test locatIOn 
(Al 011 pressure teSt locatIOn at oil cOOer. 

A9IX11!P' 

Oil Pressure Test Location 
(8) Oil pressure lest location at rear of right cylinder head. 

3. Aun the engine to gel the oil temperature al 93 ± 
6°C (200 ± 10°F). 

4. Keep the olf temperature constant With the eng,ne 
at the raled rpm from the chart, and read the 
pressure gauge, 
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Engine Oil Pressure At 2800 RPM 
SAE 10W30 011 at 93 + 6°C (200 + 10" F) 

Test Location Pressure 

A 380 to 550 IIPa (55 to 80 psi) 

B 345 to 520 IIPa (SO 10 75 psi) 

If the results do not fall within the pressure range given 
in the chart, find the cause and correct it. Engine 
failure or a reduction in engine life can be the result if 
engine operation is continued with oil pressure outside 
this range. 

Oil Pressure Is Low 

Crankcase Oil Level 

Check the level of the oil in the crankcase. Add oil if 
needed. It is possible for the oil level to be too far 
below the oil pump supply tube. This wi ll result in the 
oil pump not having the ability to supply enough 
lubrication to the engine components. 

Oil Pump Does Not Work Correctly 

The inlet screen of the supply tube for the oil pump can 
have a restrict ion. This will result in cavitation and a 
loss of oil pressure. Air leakage in the supply side of 
the oil pump will also cause cavitation and loss of oil 
pressure. If the pressure regulating valve for the system 
is held in the open (unseated) pOSItion , the lubrication 
system can not get to maximum pressure. Oil pump 
gears that have too much wear will cause a reduction 
In oil pressure. 

Oil Filter and Oil Cooler 

A dirty oil f il ter will cause a reduct ion in oil pressure. 
When the oil fi lter is fi lled with dirt, a restriction of oil 
flow through the filter and a reduction of filtered oil 
pressure is the result. 

The bypass valve wi ll cause the flow of oil to go around 
the filter elements when there is a reduction to the flow 
through the elements. When the bypass valve is open, 
oil that is not filtered is permitted to flow through the 
engine. To correct this problem, install a new 
Caterpillar fi lter 

Look for a restriction in the oil passages of the oil 
cooler. If the oil cooler has a restriction, the oil cooler 
bypass valve in the oil fi lter base will open. This will 
cause the flow of oil to go around the oil cooler. The oil 
temperature will be higher than normal when the 
engine is running. The oil pressure of the engine will 
become low if the oil cooler has a restriction. 

Too Much Clearance at Engine Bearings or 
Open, Broken or Disconnected Oil Line or 
Passage in Lubrication System 

Components that are worn and have too much bearing 
clearance can cause oil pressure to be low. Low oil 
pressure can also be caused by an oil line or oil 
passage that is open, broken or disconnected. 

Oil Pressure Is High 

Oil pressure will be high If the bypass valve for the oil 
pump can not move from the closed position. 

Too Much Bearing Wear 

When some components of the engine show bearing 
wear in a short time, the cause can be a restriction in 
the oil passage. A broken oil passage can also be the 
cause. 

If the gauge for oil pressure shows the correct oil 
pressure, but a component is worn because it is not 
getting enough lubrication, look at the passage for oil 
supply to that component. A restriction in a supply 
passage will not let enough lubrication get to a 
component and this will cause early wear. 

Increased Oil Temperature 

Look for a restriction in the oil passages of the oil 
cooler. If the oil cooler has a restriction, the oil 
temperatu re will be higher than normal when the 
engine is operated. The oil pressure of the engine will 
not get low just because the oil cooler has a restriction. 

Also check the oil cooler bypass valve to see if it is 
held in tile open position (unseated). This condition will 
let the oil through the valve instead of tile oil cooler, 
and oil temperatu re will increase. 

Cooling System 

The cooling system is a pressure type with regUlators 
at the oullet, the cooling system is equipped with a 
shunt line. 

A pressure type cooling system gives two advantages. 
The f irst advantage is that the cooling system can have 
safe operation at a temperature that IS higher than the 
normal boiling (steam) point of water. The second 
advantage is that this type system prevents cavitation 
(low pressure bubbles suddenly made in liquids by 
mechanical forces) in the water pump. With this type 
system, it is more difficult for an air or steam pocket to 
be made in the cooling system. 



The cause for increased engine temperature is 
generally because regular inspections of the cooling 
system were not made. Make a visual inspection of the 
cooling system before a test is made with test 
equipment. 

Visual Inspection Of The Cooling 
System 

1. Check coolant level in the cooling system. 

2. Look for leaks in the system. 

3. Look for bent radiator tins. Be sure that air flow 
through the radiator does not have a restriction. 

4. Inspect the drive belt for the fan. 

5. Check for damage to the fan blades. 

6. Look for air or combustion gas in the cooling 
system. 

7. Inspect the pressure cap and the sealing surface for 
the cap. The sealing surface must be clean. 

Testing The Cooling System 

Remember than temperature and pressure wOfk 
together. When making a diagnosis of a cooling system 
problem, temperature and pressure must both be 
checked. Cooling system pressure will have an effect 
on cooling system temperatures. For an example, look 
at the chart to see the effect of pressure and height 
above sea level on the boiling (steam) point of water 

COOLING SYSTEM PRESSURE 
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BOILING POINT OF WATER 

Tools Needed 

8T0470 Thermistor Thermometer Group 1 

8T2700 8T27oo BIowtly/Air Flow Indicator Group 1 

6V3121 6V3121 Multitach Group 1 

958140 Cooling System Pressurizing Pump Group 1 

The 8T0470 Thermistor Thermometer Group is used in 
the diagnosis of overheating (engine hotter than 
normal) or overcooling (engine cooler than normal) 
problems ThiS group can be used to check 
temperatures in several different parts of the cooing 
system. The testing procedure is In Special Instruction, 
Form No. SEHS8446. 

8T()4 70 Therm,Stor Thermometer Group 

The 8T27OQ Blowby/Air Flow Indicator Group is used to 
check the air flow through the radiator core . The lest 
procedure IS in Special lnstruclion, Form No. 
SEHS8712. 

8T2700 Blowby/Alr Flow Indicator Group 



The 6V3121 Mutlitach Group IS used 10 check the fan 
speed. The leshng procedure is in Special Instruction, 
Form No. SEHS7807 
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6V3121 Multitadl Group 

Pressure Cap Test 

Tools Needed 

956140 Cooling System Pressurizing Pump Group 

One cause for a pressure loss in the cooling system 
can be a bad seal on the pressure cap of the system. 
InspeCllhe pressure cap carefully. Look for damage to 
the seal or to the surface that seals Any foreign 
matenal or depOSitS on the cap, valve, seal or surface 
that seals must be removed. 

The 958140 Cooling System Pressurizing Pump Group 
is used to test pressure caps and 10 pressure check 
the cooling system for leaks 

AOl53JPl 

Ty!)lCal SchematiC 0 1 Pressure Cap 
(AI Sealing surface of cap and radiator. 

To check the pressure cap for the pressure thai makes 
the pressure cap open. use the procedure that follows. 

A WARNING . 
DO NOT loosen the filler or pressure cap on a hot 
engine, Steam or hot coolant can cause severe 
burns. 

1. After the engine is cool, loosen the pressure cap 10 

the first stop and let the pressure oul of the cooling 
system Then remove the pressure cap. 

2, Put the pressure cap on the 958140 Cooling 
System Pressurizing Pump Group. 
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958140 Cooling System Pressurizing Pump Group 

3. Look at the gauge for the exact pressure that makes 
the pressure cap open. 

4. Make a comparison of the reading on the gauge 
wi th the correct pressure at which the pressure cap 
must open. 

NOTE: The correct pressure that makes the pressure 
cap open is on the pressure cap and is also in the 
Specifications. 

S. If the pressure cap is bad, install a new pressure 
cap. 

Radiator and Cooling System Leak Tests 
(Systems That Use Pressure Cap) 

To test the radiator and cooling system for leaks, use 
the procedure that follows: 

A WARNING 

00 NOT loosen the filler or pressure cap on a hot 
engine. Steam or hot coolant can cause severe 
burns. 

1. After the engine is cool, loosen the pressure cap to 
the firs t stop and let the pressure out of the cooling 
system. Then remove the pressure cap. 

2. Make sure the coolant is over the top of the radiator 
core. 

3. Put the 9S81 40 Cooling System Pressurizing Pump 
Group on the radiator. 

4. Get the pressure reading on the gauge to 20 kPa (3 
psi) more than the pressure on the pressure cap. 

S. Check the radiator for outside leakage. 

6. Check all connections and hoses for the cooling 
system for outside leakage. 

7. If you do not see any outside leakage and the 
pressure reading on the gauge is still the same after 
5 minutes, the radiator and cooling system do not 
have leakage. If the reading on the gauge goes 
down and you do not see any outside leakage, 
there is leakage on the inside of the cooling system. 
Make repairs as necessary. 

Gauge for Water Temperature 

Tools Needed 

8T0470 Thermistor Thermometer Group 

If the engine gets too hot and a loss of coolant is a 
problem, a pressure loss in the cooling system can b€ 
the cause. If the gauge for water temperature shows 
that the engine is getting too hot, look for coolant 
leakage. 

If a place can nol be found where there is coolant 
leakage, check the accuracy of the gauge for water 
temperature. Use the 8T0470 Thermistor Thermometer 
Group. 

A WARNING 

Work carefully around an engine that is running. 
Engine parts that are hot, or parts that are moving, 
can cause personal injury. 

Start the engine. Put a cover over part of the radiator. 
The reading on the gauge for water temperature must 
be the same as the reading on the thermistor 
thermometer. 
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8T0470 ThermiSlor TherIT1()l'l'19tI!( Group Installed 
(Typteal Example) 

Temperature Regulator 

Test procedure for water temperature regulators. 

1. Remove the regulator from the engine 

2. Heat a pan of water to a temperature of 92°C 
(19rF). 

3. Hang the regulator in the pan of hot water. Put the 
regulator completely under water Do not let the 
regulator make contact with the pan 

4. Keep the temperature of the water at 92°C (197°F) 
for ten minutes. Make sure the water moves around. 
This keeps all of the water at the same temperature. 

5. After ten minutes. remove the regulator and 
immediately measure the distance the regulator is 
opened. The distance must not be less than 37 8S 
mm (1.490 in)_ 

Water Pump Pressure Check 

Tools NeeGed 

958138 Pressure Gauge 

3B7722 Bushing 

1 

1 

The pressure at the outlet for the water pump tells if the 
shunt system and water pump are operating correctly, 
To check the pump pressure, install pressure gauge (2) 
in the fronl cover. The pressure must be a minimum of 
105 kPa (15 psi) at 2800 rpm. 

If the pump pressure is less than the minimum 
pressure: First, check the vent lube between the 
radiator top tank and the surge tank: It must have an 
inside diameter of approximately 4.8 mm (.19 in). 

Second check to see that the shunlline has a minimum 
inside diameter of 19.1 mm (.75 In). 

Gauge Installed 
(Typical Example) 
(1) 3B7722 Bushing. (2) 9S8138 Pressure Gauge. 

Heater Connections 

. '---.... 

(({ \. 

Locations 01 Heater Connections 

The front housing has several plugs that give access to 
water passages inside the housing. For the correct 
access points to install heater hoses. see the locations 
Of Heater Connections picture. 



Dynamometer Test Caution 

To prevent possible damage to an engine while testing 
on a dynamometer, the water temperature regulators 
must be installed and shunt line (2) connected as 
shown. 

Shunt Une Connected To Engine 
(Typical Example) 
(1) FT0790 Cooling Tower Group. (2) Shunt line. 

1 .... _ • • • r" _, __ 
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BELT TENSK>N CHART 

WIDTH TOP BELT TENstON BELT TENSION 
WIDTH 

OF PULLEY YINrnAL'" "USEO- BORROUGHS GAUGE NUMBERS 
BELT SIZE BEL.T TOP 

GROOVE GAUGE READING GAUGE READING 

mm in. mm in. N I. N Ib OLD GAUGE NO. NEW GAUGE NO. 

3/8 10.72 .422 9.65 .380 445 ± 22 100 ± 5 400 ± 22 90± 5 8T-33-95 8T-33-97 

1/2 13.89 .547 12.70 500 534 .... 22 120+5 400"" 44 90+ 10 BT·J3..95 8T-33-97 

5V 1588 .625 15.24 600 ", · 22 120+5 400"" 44 90"" 10 8T-33-72-4-15 BT-33-72C 

11/16 17 48 688 15.88 625 534 ± 22 120±5 400 ± 44 90 ± 10 8 T-33-72-4-15 BT-33-72C 

3/4 19.05 .750 17.53 690 534 .... 22 120+5 400"" 44 90 ± 10 BT-33-72-4-15 BT-33-72C 

15/16 23.83 .983 22.30 .878 534 .... 22 120+ 5 400 ± 44 9O± 10 8 T-33-72-4-15 BT-33-72C 

8. 27.92 1.099 800 ± 22 t SO± 5 489 ± 44 ttO± 10 8T-33-109 

MEASURE TENSION OF BELT FARTHEST FROM THE ENGINE 

·'INITIAL' BELT TENSION IS lor a new bell. 
"'USED" BELT TENSION is for a belt whICh has more than 30 minutes 01 ~allon al rated speed 01 engine. Al0232-4Pl 

Basic Block 

Connecting Rods And Pistons 

Use the 5F9059 Piston Ring Expander to remove or 
install piston rings 

Use the 5P3524 Piston Ring Compressor to Install 
pistons into ccylinder block. 

Tighten the connecting rod nuts in the following step 
sequence: 

1. Put 2P2506 Thread Lubricnt on boH threads and 
sealing surfaces of cap and nul. 

2. Tighten both nuts to 40 ± 4 N· m (30 ± 3 Ib it). 

3. Put a mark on each nul and cap. 

4. Tighten each nut 6()0 from the mark. 

The connecting rod bearings should fit tightly in the 
bore in the rod. If bearing joints or backs are worn 
(fretted), check fOf bore size as thiS is an indication of 
wear because of looseness. 

5P3519 Piston Ring Groove Gauge 

A 5P3519 Piston Ring Groove Gauge is available for 
checking rectangular ring grooves. For Instructions on 
the use of the gauge, see the GUideline For Reusable 
Paris: Pistons ArK:! Cylinder Uners, Form No. 
SEBF8001. 

NOTE: The 5P3519 Piston Ring Groove Gauge is used 
to check the top ring groove only. 
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Piston Ring Groove Gauge 
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Piston Ring Groove Gauge Chart 
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Connecting Rod And Main Bearings 

Bearings are available with a smaller inside diameter 
than the original size bearings. These bearings are for 
crankshafts that have been "ground" (made smaller 
than the original size) Main bearings are available with 
a larger outside diameter than the original size 
bearings. These bearings are for cylinder b locks that 
have had the bore for the main bearings " bored" 
(made larger than the original size). 

Flywheel And Flywheel Housing 

Tools Needed 

18T5096 Dial Indicator Group 

Heat the ring gear to install it. Do not heat to more than 
204°C (4O(]'F). Instali lhe ring gear so the dlamfer on 
the gear teeth is nexl 10 the starter pinion when the 
flywheel IS installed. 

Face Runout (axial eccentricity) of the 
Flywheel Housing 

II any method other lhan given here IS used, always 
remember beaflng clearances must be removed to gel 
correct measurements. 

1. Fasten a dial indicator to the crankshaft f lange so 
the anvil of the indicator will touch the face of the 
flywheel housing. 

2. Force the crankshaft to the rear before reading the 
indicator at each point. 

Al0272Pl 

8T5096 Oiallndicator Group 

3. With the dial indicator set at 0.0 mm (.00 in) at 
location (Al, turn the crankshaft and read the 
indicator at locations (8), (el and (0). 

4. The difference between lower and higher 
measurements taken at a'i four pOInts must not be 
more than 0.25 mm (.010 in), which is the maximum 
permissible face runout (a>ual eccentricity) of the 
flywheel housing. 

C (TO~) 

o + 

A10233P1 A (BOTTOM) 

Checking Face Runout Of The Flywheel Housing 
(A) Bottom. (8) AlQht side. (C) Top. (0) Lett side. 

e 
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Bore Runout (Radial Eccentricity) Of The Flywheel 
Housing 

1. With the dial indicator in position at (C), adJusl lhe 
dial indicator to 0.0 mm (00 in). Push the crankshaft 
up against the lop bearing. Write the measurement 
for bearing clearance on line 1 in column (e), 

2. Divide the measurement from Step 1 by 2. Write this 
number on line 1 in columns (8) & (0). 

C (TO~) 

o + B 

Al0233Pl A (BOTTOM) 

Checi<.lng Bore Runout 01 The Flywheel Housing 

Al0271 Pl 

8T5096 OiallndiCator Group Installed 

3. Turn the crankshaft to put the dial indicator al (A). 
Adjust the dial indicator to 0.0 mm (.00 in). 

.,~no "'; ...... 1 T~ ....... e .... ; ..... 

4. Turn the crankshaft counterclockwise to pul the dial 
Indicator at (8) Write down the measurement In the 
chart. 

NOTE: Wri te the dial indicator measurements With 
their positive (+) and negative (-) notatIOn (signs) This 
IS necessary for making the calculations in the chart 
correct ly. 

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

6. Turn the crankshaft counterclockwise to pul the dial 
indicator al (D) Write the measurement in the char t. 

7. Add lines 1 & If by columns 

8. Subtract the smaller number from the larger number 
in line III In columns (8) & (D). The result is the 
horizontal "eccentricity' (out of round). Line II, 
column (C) IS the vertical eccentricity 

CHAR T FOR DIAl. INDI CATOR MEASUREMENTS 

PO$it.cm 01 
dial 'ndalO< 

U ... 
N • . A • , 0 

Cor'lC'oon to, boo • • ~ el .. ,ann , 0 

0"" 100'0:.10' R~.~ " 0 

To,.1 ol U ne 1" 2 
'" 0 .. . .. 

' Toal V,nie .. tcCt''''ic i'Y 10~1 of ,oundl 
--So"buitC\ ,"" small .. No . I,om the '.,ge. No. The d, fi e,ence it 

'M ' 01<11 "",,,on,;oI II!CCenlfic"r 
Al0234Pl 

9. On the graph for total eccentricity find the point of 
Intersection of the hnes for ver tical eccentricity and 
horizontal eccentricity 

T~"tinn And Adimltina 
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0.05 0.10 0.15 0.20 0.25 
(.002) (.004) (.006) (.008) (.010) 

TOTAL HORIZONTAL ECCENTRICITY 

10. If the point 01 intersection is In the range marked 
"Acceptable" the bore is in alignment. " the point 
of intersection is In the range marked "Not 
Acceptable" the flywheel housing must be 
changed. 

Face Runout (Axial Eccentricity) Ot The Flywheel 

1. Install the dial indicator as shown. Force the 
crankshaft the same way before the indicator is 
read so the crankshaft end clearance (movement) IS 
always removed. 

2. Set the dial indicator to read 0.0 mm (.00 in). 

Checking Face Runoul Of The Flywheel 

3. Turn the ftyv.tIeel and read the indicator every 90°. 

4. The difference between the lower and higher 
measurements taken at all tour points must not be 
more than 0.15 mm (.006 In), 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. 

Checking Bore Runout Of The Flywheel 
(1) 7H 1945 Holding Rod. (2) 7H1645 Holdmg Rod. (3) 7Hl942 
Indicator. (4) 7Hl940 Universal Attachment. 

Checking Flywheel CMch Pi lol Bearing Bore 

2. Selthe dial indicator to read 0.0 mm (.00 in). 
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3. Turn the flywheel and read the Indicator every 90°. 

4. The difference between the lower and higher 
measurements taken al all four points must not be 
more than 0.15 mm (.006 in), which is the maximum 
permissible bore runout (radial eccentricity) of the 
flywheel. 

5, Runou! (eccentricity) of the bore for the pilot 
bearing for the flywheel clutch, must not exceed 
0.13 mm (.005 In). 

Electrical System 

Test Tools For Electrical System 

Tools Needed 

6V4930 Battery Load Tester 

8T09OO ACIDC Clamp-On Ammeter 

6V7070 Heavy-Duty Digital Multimeter 0( 

6V7800 Regular-Duty Digital Multimeter 

I 

I 

I 

I 

Most of the tests of the electncal system can be done 
on the engine The Wiring insulation must be in good 
condition, the wire and cable connectiOns must be 
clean and tight, and the battery must be fully charged. 
If the on-engine test shows a defect In a component , 
remove the component for more lesting. 

The service manual T esling And AdJushng Electrical 
Components, Form No. REG00636 has complete 
specllications and procedures for the components of 
the starting cirCUli and the charging Circuit. 

6V4930 Battery Load Tester 

The 6V4930 Battery Load Tesler IS a portable unit in a 
metal case for use under field conditions and high 
temperatures. It can be used to load test all 6, 8 and 
12V batteries. This tester has two heavy-duty load 
cables that can easily be fastened to the battery 
terminals, and a load adjustment knob on the front 
panel permits a current range up to a maximum 01 700 
amperes. The tester also has a thermometer to show 
when the safe operating temperature limit 01 the unit 
has been reached. 

NOTE: Make reference to Special Instruction, Form 
No. SEHS8268 10( complete Infcxmation fOf use of the 
6V4930 Battery Load Tester. 

8T0900 AC/DC Clamp-On Ammeter 

The 8T0900 AC/OC Clamp-On Ammeter is a 
completely portable, sell-contained Instrumentlhat 
allows electrical current measurements to be made 
without breaking the cirCUit or disturbing the insulation 
on conductors. A digital display is located on the 
ammeter lor reading current directly in a range from 1 
to 1200 amperes If an optional6V6014 Cable is 
connected between this ammeter and one of the digital 
multimetcrs, current readings of less than 1 amp€f"e 
can then be read directly 'rom the display of the 
mullimeter. 

A lever is used to open the jaws over the conductor [up 
to a diameter of 19 mm (.75 in)], and the spring loaded 
jaws are then closed around the conductor for current 
measurement. A trigger SWitch that can be locked In 

Ihe ON or OFF position IS used to turn on the ammeter 
When the turn-on trigger is released , the last current 
reading is held on the display for 5 seconds. ThIS 
allows accurate measurements to be taken in limited 
access areas where the digital display is not visible to 
the operator. A zero control IS provided for DC 
operation, and power for the ammeter is supplied by 
batteries located Inside the handle 

T .... t; ...... An" 4 .. i" .. tinn 



NOTE: Make reference to SpeciallnstrucliOn, Form 
No. SEHS8420 for more complete information for use 
of the 8T0900 Clamp·On Ammeter. 

c:" .... , 

6V7070 Heavy-Duty Digital Multlmeter 

The 6V7070 Heavy-Duty Digital Multimeter is a 
completely portable, hand held instrument with a digital 
display. This multi meter is buil t with extra protection 
against damage in field applications, and is equipped 
with seven funct ions and 29 ranges. The 6V7070 
Mullimeter has an Instant ohms mdlcator that permits 
continuity checks for fast circuit inspection. 11 also can 
be used for troubleshooting small value capacitors. 

The 6V7800 Regular·Duty Digital Multimeter (a low cost 
option to Ihe Heavy-Duly Multimeter) is also available; 
however, the 6V7800 Multimeter does not have the 10A 
range or the Instant ohms feature of the 6V7Q7Q 
Multimeter. 

NOTE: Make reference to Special Instruction, Form 
No. SEHS7734 for more complete information for use 
of the 6V7070 and 6V7800 Multlmeters. 

Battery 

A WARNING 

Never disconnect any charging unit circuit or bat· 
tery circuit cable from battery when the charging 
unit is operated. A spark can cause an explosion 
from the flammable vapor mixture of hydrogen and 
oxygen that is released from the electrolyte through 
the battery outlets. Injury to personnel can be the 
result. 

The battery circuit is an electrical load on the charging 
unit. The load is vanable because of the condition of 
the charge in the battery. Damage to the charging unit 

3208 Diesel Truck Enaine 3·42 

will result if the connections (either positive or negative) 
between the battery and charging unit are broken while 
the charging unit is in operation. This is because the 
battery load is lost and there is an Increase In charging 
voltage. High voltage will damage, not only the 
charging unit, but also the regulator and other electrical 
components. 

Load test a battery that does not hold a charge when 
in use. To do this, put a resistance across the main 
connections (terminals) of the battery. For a 6,8 or 12V 
battery, use a test load of three times the ampere/hour 
rating (the maximum test load on any battery is 500 
amperes). Let the test load remove the charge 
(discharge) 01 the battery f(l( 15 seconds and "'lith the 
test load still applied, test the battery voltage. A 6V 
battery in good coflCiit lon Will show 4.5V: and 8V 
battery will show 6V; a 12V battery will show gV. Each 
cell of a battery In good condition must show 1.6V on 
either a 6, 8 to 12V battery. 

Charging System 

The condition of charge in the battery at each regular 
inspection will show if the charging system operates 
correclly. An adjustment is necessary when the battery 
is constantly in a low condition of charge or a large 
amount of water is needed (more than one ounce of 
water per cel t per week or per every 50 service hours). 

When it is possible, make a test of the charging unit 
and voltage regulator on the engine, and use wiring 
and components that are a permanent part of the 
system. Off-engine (bench) testing 'Nill give a test of 
the charging unit and voltage regulator operation ThiS 
testing will give an indication of needed repair. After 
repairs are made, again make a test to give proof that 
the units are repaired to their anginal condition 01 
operation. 

Before the start of on-engine testing, the charging 
system and battery must be checked as shown in the 
steps that follow' 

1. Battery must be at least 75% (1 225 Sp Gr) fully 
charged and held tightly in place. The battery holder 
must not put 100 much stress on the battery. 

2. Cables between the battery, starter and engine 
ground must be the correct size. Wires and cables 
must be free of corrOSion and have cable support 
clamps to prevent stress on battery connections 
(terminals). 

3. Leads, junctions. switches and panel instruments 
tllat have direct relation to the charging circuit must 
give correct circuit control. 

4. Inspect the drive components for tile charg·ng unit 
to be sure they are free of grease and oil and have 
the ability to operate the charging unit. 

(~ 



Alternator 

Delco-Remy 

No adjustment can be made to change the rate of 
charge on this alternator regulator If rate of charge is 
not correct, a replacement IS necessary. 

3T6352 Alternator Shown 

Bosch 

, 

7N9720 Alternator Shown 

No adjustment can be made to change the rate of 
charge on this allernator regulator. 11 rate of charge is 
not correct, a replacement is necessary 

Nippondenso 

., -

9G4574 Alternator Shown 

No adjustment can be made to change the rate of 
charge on this altornator regulator If ra te of charge is 
not correct, a replacement is necessary. 

Delco-Remy Alternator; Pulley Nut Tightening 

Tighten nut that holds the pulley to a torque of 100 ± 7 
Nom (75 ± 5 Ib It) with the tools shown 

(!)-0-f l':: 
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Tools To Ttghlen Alternator Pulley Nut 
(I) 6V7916 Torque Wrench. (2) 851588 Adapter (If:z" female 10~­
male). (3) FT 1697 Socket. (4) 8H8517 Combination Wrench 
(1 '4") (5) FT 1696 Wrench. 
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Starting System 

Use the multimeter in the DCV range to find starling 
system components which do not function. 

Move the start control switch to activate the starter 
solenoid. Starter solenoid operation can be heard as 
the pinion of the starter motor is engaged with the ring 
gear on the engine flywheel. 

If the solenoid for the starter motor will not operate, it is 
possible that the current from the battery did not get to 
the solenoid. Fasten one lead of the mullimeter to the 
connection (terminal) tor the battery cable on the 
solenoid. Put the other lead to a good ground, A zero 
reading is an indication thaI there is a broken cirCUli 
from the battery. More testing is necessary when there 
is a voltage reading on the multimeter. 

The solenoid operation also closes the electric circuit to 
the motor. Connect one lead of the multimeter to the 
solenoid connection (terminal) that is fastened 10 the 
motor Pulthe other lead to a good ground. Activate 
the starter solenoid and look at the multimeter. A 
reading of battery voltage shows the problem is in the 
molor. The motor must be removed for further testing. 
A zero reading on the multi meter shows that the 
solenoid contacts do not close. This is an indication of 
the need for repair to the solenoid or an adjustment to 
be made to the starter pinion clearance. 

Make a test with one multimeter lead fastened to the 
connection (terminal) for the small Wlre at the solenoid 
and the other lead to the ground. Look at the 
mullimeter and activale the starter solenOid. A voltage 
reading shows thai the problem is in the solenoid. A 
zero reading is an Indication that the problem is in the 
start switch or the wires for the star t switch. 

Fasten one mullimeter lead to the start SWitch at the 
connection (terminal) for the wire from the battery. 
Fasten the one lead to a good ground. A zero reading 
indicates a broken circuit from the baUery. Make a 
check of the circuit breaker and wiring. If there is a 
voltage reading, the problem is In the start switch or in 
the wires for the start switch. 

A starter motor that operates too slow can have an 
overload because of too much friction in the engine 
being started . Slow operation of the starter motor can 
also be caused by a short circuit, loose connections 
and/or dirt in the molor. 

'. • ,-

Pinion Clearance Adjustment (Oelco-Remy) 

When the solenoid is installed, make an adjustment of 
the pinion clearance. The adjustment can be made 
with the starter molor removed. 

2 

3 
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Connection For Checkill9 Pinion Clearance 
(l )Conneclor from motor terminal on solenoid to motor. (2) SW 
terminal. (3) Ground terminal. 

1. Install the solenoid without connection (1) from the 
MOTOR connection (terminal) on solenoid to the 
molor. 

2. Connect a battery, of the same voltage as the 
solenoid. to the terminal (2), marked SW. 

3. Connect the other side of battery to ground terminal 
(3), 

4. Connect for a moment, a wire from the solenoid 
connection (terminal) marked MOTOR to the ground 
connection (terminal). The pinion will shift to crank 
position and will stay there until the battery is 
disconnected. 

T ..... ; ...... " ....... " .... 1 ...... 1 ..... 
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Pinion Clearance Adjustment 
(4) Shaft nut. (5) Pinion, (6) Pinion clearance. 

5. Push the pinion toward the commutator end to 
remove free movement. 

6. Pinion clearance (6) must be 8.3 to g .g mm (.33 to 
39 In) 

7. To adjust pinion clearance, remove plug and turn 
nut (4). 

Pinion Clearance Adjustment (Prestolite) 

There are two adjustments on this type motor. They are 
end play for the armature and pinion clearance. 

End Play For The Armature 

The correct end play for the armature is 0.13 to 0.76 
mm (.005 to .030 in). The adjustment is made by 
adding or removing thrust washers on the commutator 
end of the armature shaft. 

Pinion Clearance Adjustment 

1. To adjust the pinion distance, connect the 24V 
solenoid to a 12 volt battery (12V solenoid to a 6V 
battery) as shown. For a short moment, connect a 
wire from the "motor" stud of the solenoid to the 
stud at (1) in the commutator end, This moves the 
solenoid and drive into the cranking position. 

Disconnect the wire. 

NOTE: The drive is in the cranking position until the 
battery is disconnected 

, 

"" 

ConnectiOns For Adjustment Of The Pinion Clearance 
(1)Stud 

+ 

2. Push the drive toward the commutator end of the 
motor to eliminate any slack movement in the 
linkage and measure the distance between the 
outside edge of the drive sleeve and the thrust 
washer. The distance (3) must be 051 to 127 mm 
(,020 to ,osa in). 

e 

Pinion Clearance Adjustment 
(2) Adjusting nut. (3) Distance 

3. Remove the plug. Turn the adjusting nut (2) in or 
out as necessary to get this distance. 

4. Install the plug. 
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Troubleshooting 

Introduction to the 
Troubleshooting Guide 

This troubleshooting guide, when followed exactly as 
shown, can be an aid lor the serviceman to find the 
cause 01 existing problems. The information from the 
measurements will also show proof if there IS any basis 
for the complaint. 

Be sure to get a good description of the problem from 
the operator and/or the person lNho owns the vehicle 
What they tell you about the problem can save you 
lime and make the repair job faster and easier. 

Low Power and High Fuel Consumption 
Problems 

The troubleshooting charts that fol low provide a 
definite sequence to be followed tor a logical, one by 
one elimination of many variables. The encircled 
numbers do not designate steps, but are references to 
detailed instructions that can not be shown on the 
chart Always read the written material that 
corresponds with the encircled numbers on the charts 

The Primary Engine Tests consist of quick and easy 
procedures that could identify the problem With a 
minimum loss of time. Always make these lests before 
starling the more involved troubleshooting charts. 

The necessary Instruments to check each problem in 
sequence are shown on the chart. H the correct 
instrument is not available for the test, do not continue. 
The vehicle must be sent to a shop where the 
necessary tools are available. 

Whenever a problem is found and corrected, always 
run the test again to that point to be sure there is nol a 
combination of problems. When the pl'oblem has been 
corrected and Ihe complaint resolved stop the test. Do 
not continue through the complete procedure just 
because it is there 

When investigating possible causes, follow Ihe leUer 
sequence sho'Nn. Possible causes are arranged in 
order from more probable/easiest to check to less 
probable/more complex 10 check 

Other Problems: Vehicle Or Vehicle 
Operation, Misfiring And Running 
Rough, Too Much Exhaust Smoke, 
Difficult Starting, Cooling System, Loss 
Of Coolant, Or Fuel In Crankcase Oil. 

The probable causes of a problem are given in the 
order they most commonly take place. Check the 
probable causes in the same order that they are given 
When troubleshooting, use the section on 
recommended procedures which follow each chart to 
check and make the necessary corrections for each 
probable cause. 

Engine Vibration Problem 

The troubleshooting chart provides a definite soquence 
to be followed for a logical procedure to determine the 
frequency and amplitude of vibration so that the source 
of the vibration can be located and corrected 
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Primary Engine Test for Low 
Power 

1. The customer must be asked many questions to 
determine whether his complaint is valid. or whether 
his diagnosis of an actual problem IS correct. 

Some of the questions thai must be asked are as 
follows: 

a. Does pool' performance occur when the vehicle IS 
operated at steady speed on a level road surface, or 
when vehicle IS pulled up a grade? 

A positive response to either or both of the above 
conditions would mdicate a low power (steady state) 
problem. Begin with Low Power Diagnosis. 

b. Does the poor performance always occur under the 
same conditions or is the problem intermittent 
(happens only occasIOnally)? 

This IS a very important line of questioning to pursue 
Any constant performance problem can normally be 
identified and the problem corrected, If an intermittent 
problem exists, the mechanic must be aware that the 
condition IS only occasional, and must run certain tests 
several limes in an attempt to force the malfunction 
condition. If the condition is not duplicated, the 
diagnosis that no problem exists wil l be Incorrect, and 
the vehicle operator will again be confronted with the 
problem somewhere out on the road, 

c. Was the engine running rough or misfiring when the 
poor performance was noticed? 

A positive response to thiS questIOns will Indicate the 
need to Isolate the bad cylinder(s) and correct the 
problem. See section Cylinder Misfire. 

2. Check the crankcase oil level and the coolant level 
of the radiator Slart the engine and get to normal 
operating temperature. A slighlly lower rpm (15 rpm 
below low limit) should be expected for the engine 
in vehicle than the rpm shown in the Fuel Selting 
And Related Information Fiche. This is caused by 
the parasitic loads of the engine accessories 
Involved. 

3. With the engine runn,ng, the throttle must have 
enough travel for the governor control lever to break 
over (go past the normal governor stop for high idle 
pOSition) a small amount when the throttle pedal is 
ful ly depressed. If full travel is not available, 
disconnect throttle linkage from governor lever. With 
throttle linkage disconnected, full travel of governor 
lever will indicate linkage problems, and the linkage 
will have to be adjusted. Limited travel of the 
governor lever will indicate a problem \vi thin the 
governor, 

4 . Only a mechanic with the correct training should 
change the set point (balance point). The procedure 
is given in the Service Manual under the subject 
Governor Adjustments 

5. If the set point (balance point) cannot be made 
correct w th the high idle adjustment screw, there IS 
a problem inSide the governor, Disassemble the 
governor and check for damaged parts or wrong 
parts inslalled in Ihe governor. Some common 
problems are worn bushings, wam spring seat, or a 
broken or wrong govemor spring 

6. Before 8T05OO Circuit Tester IS Instal'ed be sure to 
test the hght for correct operation. Test light must 
come on when the clip of the wire is placed against 
the probe of the light (replace batteries or bulb if 
light does not come on), 

NOTE: If light comes on and stays on when attached 
to governor then insulation is bad or installed wrong In 
torque spring group or brass terminal This musl be 
corrected belore test is performed. 

7. With the continUity light Installed, quickly push 
accelerator pedal all the way to the floor If the fuel 
control shaft and governor functioos properly, the 
continUity light will come on dUring this free 
accelerat ion until high Idlo IS malntalrled. 

It the light comes on, this is an Indication that the 
mechanical movement of the governor and fuel 
injection pump parts operate properly. The fuel setting 
should now be checked, If the light does not come on 
during free acceleration, check for a problem inside the 
governor 

8. Install 5P4203 Field Service Tool Group. Check the 
fuel ratio control and the fuel selting dimensions. 
Compare the results With the dimensions given In 
the Fuel Setting and Related Information Fiche, 

It the fuel ratio control or the fuel settings are not 
correct, they must be adjusted to the settingS given In 
the Fuel Setting and Related Information Fiche Only a 
mechaniC With the COfrect training should adjust the 
fuel ratio conlrol and fuel settings The procedure to 
check and adjust the fuel ratio control and the fuel 
setting is In this Service Manual under the subject Fuel 
Ratio Control Adjustment and Fuel Setting 

9. If the tesl lighl still does not come on, th,s means 
that the fuel control shaflls not moving due to a 
problem InSide the governor or a problem InSide fuel 
injection pump housing , The governor should be 
checked for worn parts The fuel injection pump 
housing should be checked for a worn fuel control 
shaft or its bore, or a fuel lntection pump installed 
with sleeve not engaged With the lever on the fuel 
control shaft. The problem must be found and 
corrected. 
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Low Power Troubleshooting 

(Diagnosing with Chassis 
Dynamometer) 

1. Preparation of vehicle lor wheel horsepower test 
(consult dynamometer manufacturer's operating 
instruct ions for specific details on correct operation), 

NOTE: Always perform the Primary Engine Test 
procedure before vehic le is installed on chassis 
dynamometer. 

Calculate the allowable limits thal lhe customer can 
expect from his engine and present these figures to 
him. 

Caterpillar engines are rated wi th the conditions that 
follow 

Barometr ic pl'essure • 747 rml (29 4 In) of mercury 
Inlet air temperature _ 29°C (85°F) at a lf cleaner inlet 

Fuel gravity " API gra~ i l y of 35 at 16Ge (60°F) 

Measure and record these var iables 

a. Place vehicle on the chassIs dynamometer Tie the 
vehicle in a way that WIn not add any load to the 
drive wheels. Do not pull wheels down into 
dynamometer drive rolls. 

Check the radiator coolant level, crankcase oil level, tire 
pressure, tire cond ition, remove rocks from the tire 
tread and connect exhaust system. 

NOTICE 
Recapped t ires should be run on a chassis dynamo­
meter only at the customer's own r isk. 

b. Operate vehicle at 60% 01 rated speed With 
moderate load until 011 and coolant temperatures 
reach their normal range for operatioo. 

NOTICE 
If there is a heavy vibration . drive shaft whip, t ira 
bounce. etc., do not continue with dynamometer test 
until causa of tha problem is corrected. Engines that 
have had new internal parts installed should be operat­
ed on a run-in schedule before operation at f ull load. 
For run-in schedule information , make reference to 
General Instructions section of this Service Manual. 

2. Put transmission in direct gear and the differential In 
the highest speed ratio. Operate vehicle at 
maximum eng ine speed and increase chassIs 
dynamometer load until a speed of 50 rpm less than 
rated speed IS reached (continuity tight should be 
on). Maintain this speed for one minute and record 
the eng'ne speed and wheel horsepower. 

NOTE: II horsepower is low and poor maintenance IS 

suspected , remove air cleaner and check horsepower 
again to see if a plugged air c leaner could be the 
problem. 

3a. If the wheel horsepO\'o'Cr IS correct, find the set 
point (balance pomt) of the engine (speed at which the 
load stop pin just touches the torque Spl'lng or stop 
bar) , At thiS poln! the continUity light should flicker (go 
off and on dimly) . 

If the set point (balance point) is correct, then the low 
power complaint cannot be validated. No further test or 
repairs are necessary 

If the set point (balance point) is low, see Procedure 
No, 4. 

3b. If the wheel horsepower is below the correct value, 
find the set point (balance pOlOt) of the engine (speed 
at which the load stop pin Just touches the torque 
spring or stop bar). At thiS pOint the continUi ty light 
should flicker (go off and on dimly) 

If the set point (balance pomt) IS correct, see 
Procedure No 5 

If the set point (balance pomt) IS low, see Procedure 
No.4. 

4. If the set point (balance point) IS low, the high idle 
Will have to be increased to raise the set point 
(balance point) to the correct rpm (the pOint at 
which the continuity light just comes on) , 

NOTE: If the set point (balance point) IS stili low and 
high idle has been adjusted to maximum, disengage 
clutch whrle maximum throttle pOSilian IS maintained. 
Now observe high idle rpm and, if lower than previously 
adjusted, check frame·to·englne·mount. A damaged Or 
loose engine mount may put the li nkage in a bind and 
prevent maximum governor POSition al load conditions. 



5. If the set point (balance point) was correct and the 
wheel horsepower was low, Instal! the lU5470 
Engine Pressure Group and do fhe wheel 
horsepower test again as shown in Procedure No 2. 

At full load rpm, measure the boost and the fuel 
pressure. See Fuel Setting and Related Information 
Fiche to find the correct boost pressure for a particular 
engine (since the engine is in vehicle, be sure to make 
reference to the General Notes in the Fuel Setting and 
Related Information Fiche to determine the correct 
boost pressure ... lith air cleaner and muffler installed). If 
boost is low, check connections ahead of turbine side 
of turbocharger for exhaust leaks and connections after 
compressor side of turbocharger for inlet air leaks. 

6. Check the air inlet restriction and exhaust back 
pressure. 

Air flow Ihrough the air cleaner and piping must not 
have a vacuum restriction (negative pressure difference 
between atmospheric air and air that has gone through 
air cleaner) of more than 635 mm (25 In) of water. Back 
pressure from the exhaust (pressure difference 
measurement between exhaust outlet elbow and 
atmospheric air) must not be more than 1016 mm (40 
in) of water. 

Make a visual inspection of the air inlet system and 
check lor damage to piping, rags or obstructions in the 
inlet piping, or damage to the rain cap or the cap 
pushed too far on Ihe inlet pipe. It no damage is found, 
check inlet restriction with a new air cleaner element 

If there is too much exhaust restricllon, make a visual 
inspection of the exhaust piping and muffler. If no 
visual damage can be found. the exhaust piping may 
have to be removed and the exhaust restriction 
measured again to see If problem is corrected . 

7, The fuel transfer pump pressure (measured at plug 
on top of fuel pump hOUSing) must not be less than 
140 kPa (20 psi) at full load conditions. Normal fuel 
pressure at full load rpm is 205 ± 35 kPa (30 ± 5 
psi). If fuel pressure is low or erratiC, check for the 
conditions that follow in the order shown: 

A. Air In the Fuel System . .. Disconnect the fuel return 
line at the tank. Place this end of the line in a 
container of fuel to see if air bubbles are present 
Wi th the engine running. If air bubbles are observed, 
check for loose connections or other line leaks 
ahead of fuel transfer pump. 

6 . Restrictions ... Check for a plugged fuel fi lter or 
Crimped (damaged) fuel lines. 

C. Too Much Fuel Returned to Tank Block the fuel 
return line to stop all fuel returned to tank. Check 
fuel pressure again, and, II a significant pressure 
increase is observed , an incorrect constant bleed 
onfice may be the problem. Install the correct 
orifice, 

NOTICE 
Do not run the engine under load for more than 5 ( 
minutes with return line blocked. 

D. Damaged Fuel Transfer Pump Parts ... Check 
bypass valve to see If dirt or other debris could 
make the valve slick. Clean or replace valve if 
damaged. If bypass valve is good, remove and 
disassemble fuel transfer pump to check for wear in 
the gears. 

8. A very small amount of air In the fuel may not affect 
the transfer pump fuel pressure, but could affect the 
performance at the nozzles. The 2P8278 Flow Tube 
can be installed ahead of the fuel transfer pump. 
This will allow a visual check 01 any air in the fuel 
when the engine is running. Another method to 
check for air In the fuel is to put the fuel tank end of 
the fuel return line in a container of fuel. 

9. Install the 6V7925 Fuel Rate Ind;cator according to 
Special Instruction, Form No. SEHS8346. The 
specified fuel rate at full load is given in the Fuel 
Setting And Related Information Fiche. 

Do the wheel horsepower test again as shown in 
Procedure No.2, but this time record Ihe fuel rate and 
rpm 

NOTE: This fuel system has a constant flow of fuel 
that IS returned to the fuel tank. ThiS orifice must be 
blocked before accurate fuel rate read ,ngs can be 
taken Do not run the eng ne under load for more than 
5 minutes with return line blocked. 

• 



10. If the fuel rate was too low, install5P4203 Field 
Service Tool Group and check the fuel system 
setting. The correct fuel system setting is given in 
Fuel Setting And Related Information Fiche. If fuel 
system setting is not correct, the adjustment 
procedure IS shown in the Testing and Adjusting 
section of this Service Manual under the subject 
Fuel System Setting 

It the fuel rate was low, and the fuel system setting is 
correct, check the items that follow In the sequence 
shown: 

A. Remove nozzles and check to see If they are the 
correct nozzles for your engine or if they have been 
wire brushed. Either condition will aHect 
performance. 

B. Check tor any restrictions to tueillow in lines 
between fuel filter and nozzles. Any sharp bend in 
the lines could cause a restriction of fuel delivery. 

C. Check governor for worn parts_ A worn bushing or 
worn spring seal can change governor operation. 
Also c/1eck to see if the correct governor spnng IS 
installed. 

D. Check fuel injection pumps for wear and for the 
correct calibration. Put the fuel injection pump 
group on the fuel injection test bench. Perform a 
fuel delivery test to determine if the correct amount 
of fuel is delivered by each pump. 

11. Use the 8T5300 Diesel Timing Indicator Group to 
check the timing of the fuel intection pump 
camshaft to the engine camshaft. See Fuel System 
of the Testing and Adjusting section of this Service 
Manual for the subject Checking Engine Timing 
And Automatic Timing Advance Unit With 8T5300 
Timing Indicator Group. 

12. Use the 8T5300 Timing Indicator Group to check 
the automatic timing advance unit. Check to see 
that the advance is smooth and that the amount of 
advance IS correct. See Fuel System of the Testing 
and Adjusting section of this Service Manual for 
the subject Checking Engine Timing And 
Automatic Timing Advance Unit With 8T5300 
Timing Indicator Group. 

If rpm, timing, and fuel rate are found 10 be W1thln 
specifications, the engine should produce acceptable 
power (unless engine has excessive Internal fnctlon, ie, 
high crankcase oil level). When all the above conditions 
are within specif ications, and the wheel horsepower is 
stili lower than expected, some component of Ihe 
vehicle must be absorbing too much power. Do not 
continue With engine troubleshooting, but tocate and 
correct the problem with the vehicle. (Caterpillar is not 
responsible for problems with vehicle). 

4 .0 

13. Measure the boost again as detailed in Procedure 
NO.5. If rpm, timing, fuel rate and boost are found 
to be within specifications, the engine should 
produce acceptable power (unless engine has 
excessive internal friction, i.e., high crankcase oil 
level), When all the above conditions are Within 
specifications, and the wheel hafsepower is still 
lower than expected, some component of the 
vehicle must be absorbing too much power. Do 
not continue with engine troubleshooting, but 
locate and correct the problem with the vehicle. 
(Caterpillar is not responsible for problems with 
vehicle). 

14. If boost is still low, check inlet manifold 
temperature If temperature is too high, check the 
aftercooler for possible restrictions to the coolant 
This condition reduces the amount of air In 
cylinder for combustion (since warmer air is less 
dense), If manifold temperature is correct, check 
the turbocharger for mechanical problems (ie, 
wrong nozzles, worn bearings). 

Troubleshootina 
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Primary Engine Test for High 
Fuel Consumption 

1. Fuel consumption records must be available before 
the high fuel consumption complalot can be 
verified If symptoms Indicate low power, then the 
low IXlwer lest should be conducted Ilrst. because II 
could be the cause 01 the fuel consumption 
problem This Primary Engine Test for High Fuel 
Consumption is the same as the Primary Engine 
Test for Low Power. 

2. Visually Inspect the luel system from Ihe fuel lank to 
tile fuel Injection lines to see if there are any 
indications of fuel leaks. Tighten any loose 
connections found and, If necessary, replace lines 
that can not be repaired, 

3. Check the crankcase 011 level and the coolanllevel 
of the radiator. Start the engine and get to normal 
operating temperature. A Slightly lower rpm (15 rpm 
below low limit) should be expected lor the engine 
in vehicle than the rpm shown In the Fuel Selting 
And Related Information Fiche This is caused by 
the parasitic loads 01 the engine accessories 
involved. 

4. With the engine running, the throttle must have 
enough travel for the governor control lever to break 
over (go past the normal governor stop tor high idle 
position) a small amount when the throttle pedal is 
fully depressed If full travel is not available, 
disconnect throttle linkage from governor lever With 
throttle linkage disconnected, full travel of governor 
lever will indicate linkage problems, and the linkage 
will have to be adjusted. Limited travel of the 
governor lever Will indicate a problem within the 
governor. 

5. Only a mechanic with the correct training should 
change the set point (balance point) adjustment. 
The procedure is given in this Service Manual under 
the subject Governor Adjustments 

6. If high idle rpm can not be made correct with the 
high idle adjustment screw, there is a problem inside 
the governor. Disassemble the governor and check 
for damaged paris or wrong parts installed In the 
goverOQ(. Some common problems are worn 
bushll19S, worn spring seat, or a broken or wrong 
governor spring 

7. Before 8T05OO Circuit Tester is Inslalled , be sure to 
test the light for correct operation. Test light must 
come on when the clip of the wire is placed against 
the probe of the light (replace batteries or bulb if 
light does not come on). 

NOTE: If light comes on and stays on when attached 
to governor, the Insulation is bad or installed wrong in 
torque spring group or brass terminal. This must be 
corrected before test is performed. 

'" 

8. With the continuity light installed, quickly push 
accelerator pedal all the way to the floor. If the fuel 
control shaft and governor function properly, the 
continuity light will come on during this free 
acceleration until high Idle IS mainta ned. 

I! the light comes on, this is an ind,calion that the 
mechanical movement of the governor and fuel 
injection pump pariS operate properly. The fuel setting 
should now be checked. If the light does not come on 
dUring free acceleration, check for a problem inSide the 
governor, 

9. Install 5P4203 Field Service Tool Group, and check 
the fuel setllng dimension. Compare the results with 
the dunenSlons given in the Fuel Setting and 
Related Information Fiche. If the fuel setting is 
correct, the vehicle Will now have to be tested on a 
chaSSIS dynamometer to determine the cause for 
high fuel consumption 

If the fuel setting IS not correct. adjust to the setting 
given in the Fuel Setting and Related Information Fiche. 
Only a mechaniC with the correct training should adjust 
the fuel setting, The procedure to check and adjust the 
fuel setting IS In this Service Manual under the subject 
Fuel Setting. 

10. If the test light stili does not come on, this means 
that the fuel control shaft is nol moving due to a 
problem lOside the governor or a problem Inside 
fuel Injection pump housing. The governor should 
be chocked for worn paris. The fuel injection 
pump housing should be checked for a worn fuel 
control shaft or its bore, or a fuel InJection pump 
Installed With sleeve not erlQaged with the lever on 
the fuel control shaft. The problem must be found 
and corrected 

T'nI,hl""''lhnntinn 
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High Fuel Consumption 
Troubleshooting 

(Diagnosis with Chassis Dynamometer) 

1. Preparation of vehicle tor fuel consumption test 
(consult dynamometer manufacturer's operating 
instructions for specific details on correct operation). 

NOTE: Always perform the Primary Engine Test 
procedure before vehicle is installed on chassis 
dynamometer. 

a. Place vehicle on the chassis dynamometer. Tie the 
vehicle in a way that wi ll not add any load to the 
drive wheels Do not pull wheels down into 
dynamometer drive rolls. 

Check the radiator coolanl level , crankcase oil level, tire 
pressure , tire condition , remove rocks from the tire 
tread and connect exhaust system. 

NOTICE 
Recapped tires should be run on a chassis dynamo­
meter only at the customer's own risk. 

b. The maximum acceptable fuel rate must be 
calculated for the customer's engine by use of the 
formula that follows: 

1.03 bhp (BSFC + .010) Max. Fuel Rate' (gal{t1r) 
Fuel Density (Ibs/gal) 

• At standard SAE test conditions 

Find the rated brake specific fuel consumption (lb· 
bhp/hr) from the Fuel Setting And Related Information 
Fiche and add 0.25 mm (.010 in) manufacturing 
tolerance. Multiply this value by the advertised engine 
horsepower (plus 3% manufactures tolerance) and 
divide by the density of the fuel (Ibs/gal). 

c. Calculate the allowable limits that the customer can 
expect from his engine and present these figures to 
him. Caterpillar engines are rated with the 
condit ions that follow: 

BarometriC pressure'" 141 mm (29.4 in) of mercury 
Inlet air temperature= 29°C (85°F) at air cleaner inlet 

Fuel gravity= API gravity of 35 at 16°C (60"F) 

Measure and record these variables. 

2. Operate vehicle at 60% of rated speed with 
moderate load until oil and coolant temperatures 
reach their normal range for operation. 

. , 

NOTICE 
If there is a heavy vibration, drive shaft whip, tire 
bounce, etc., do not continue with dynamometer test 
until cause of the problem is corrected. Engines that 
have had new internal parts installed should be operat· 
ed on a run-in schedule before operation at full load. 

Put transmission in direct gear and the differential in 
the highest speed ratio Operate vehicle at maximum 
engine speed and increase chassis dynamometer load 
until a speed of 50 rpm less than rated speed is 
reached (continuity light should be on). Maintain this 
speed for one minute and record the engine speed, 
wheel horsepower and fuel rate. 

3. If the fuel rate and the wheel horsepower are both 
acceptable, then the engine is not the cause of the 
complaint, or the complaint is not valid, Refer to 
section Problem With Vehicle Or Vehicle Operation. 

4. If the wheel horsepower is low, regardless of how 
the fuel rate measures, refer to the Low Power 
Troubleshooting Chart. The low power problem 
must be corrected first 

5. If the fuel rate and wheel horsepower are both too 
high, check the set point (balance point) of the 
engine (speed at which the load stop pin just 
touches the torque spring or stop bar). At thiS point 
the continuity light should flicker (go off and on 
dimly). 

If the set point (balance point) is high, the high idle will 
have to be decreased to lower the set pOint (balance 
point) to the correct rpm (point at which the continuity 
light just comes on). If the set point (balance point) is 
correct, see Procedure NO.8 

6. If the fuel rate is high and the wheel horsepower is 
acceptable, use the 8T5300 Timing Indicator Group 
to check the timing of the fuel injection pump 
camshaft to the engine camshaft . See Fuel System 
of the Testing and Adjusting section of this Service 
Manual for the subject Checking Engine Timing And 
Automatic Timing Advance Unit With 8T5300 Timing 
Indicator Group. If the timing is correct, see 
Procedure No 7. 
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7. Use the 8T5300 Timing Indicator Group to check 
the automatic timing advance unit. Check to see 
that the advance is smooth and that the amount of 
advance is correct. See Fuel System of the Testing 
and Adjusting section of this Service Manual for the 
subject Checking Engine Timing And Automatic 
Timing Advance Unit With 8T53OO Timing Indicator 
Group. 

8. If the fuel rate is sti ll too high, install 5P4203 Field 
Service Tool Group and check the fuel setting. The 
correct fuel setting is given in Fuel Setting And 
Related Information Fiche. If fuel setting is not 
correct, the adjustment procedure is shown in 
Testing and Adjusting section of this Service 
Manual under subject Fuel Setting. If fuel sett ing is 
correct, see Procedure No 9. 

9. Check the fuel nozzles with the 5P4150 Nozzle 
Tester. Testing of the injectors must be done off the 
engine. Use 5P4150 Nozzle Testing Group. For use 
of the 5P4150 Nozzle Testing Group, refer to 
Special Instruction, Form No. SEHS7292. 

If the nozzles have been wire brushed or do not meet 
Caterpi llar specifications, they must be replaced . 

If the nozzles are good, remove the complete fuel 
injection pump housing and check the fuel pump 
calibration. See Fuel Pump Calibration in Testing and 
Adjusting section of this Service Manual. 
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Problem With Vehicle Or 
Vehicle Operation 



PROBLEM WITH VEHICLE OR VEHICLE OPERATION 

I r Probable C8use(s) l 
1 

II Tachometer Error 1 
I 

I 2. Engine Operated at High Altitude I 
I 

r 3 Brakes Do Not Completely Release 1 
I 

I 4 Vehicle Operated in Too High a Gear J 
I 

15 Extra Engine Driven Equipment I 
I 

I 6. Speedometer Error I 
I 

I 7. Speeds Too High I 
I 

I 8 Overload on Vehicle I 
T 

I 9. High Moving Resistance I 
I 

rIO. High Wind Resistance I 
I 

III Power Loss in Drive Gears I 
1 

112. Wrong Gear Ratios I 
T 

1\3 · Chassis Dynamometer Error I 
I 

114. Trailers That are Difficult to Pull I 
T 

115. High Inlet Air Temperature I 

The problemS In this chart are problems that do come about and are normally called "low power • These problems 
are not necessarily more common than engine problems, but they ere jX)SSlbIe problems which you need to read 
and ched<. before an engine is disassembled. 

Read all of the items but make sure the first four are checked completety before making any engine test . 
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Problem With Vehicle Or 
Vehicle Operation 

Recommended Procedure 

1. Tachometer Error. To check, connect a 
tachometer of known accuracy to the engine. Run 
the engine and make a comparison of the readings 
of the vehicle and lest tachometers. If vehicle 
tachometer is bad, make repairs as necessary or 
install a new tachometer. 

2. Engine Operated at High Altitude ... Less oxygen at 
higher altitudes causes the engine horsepower to 
go down. There is no effect on the 225 horsepower 
engine for the first 2280 m (7500 fI) above sea level 
of operation. There is no effect on the 235 and 250 
horsepower engines for the first 1524 m (5000 ft) 
above sea level of operation. See the Fuel Setting 
And Related Information Fiche for the correct fuel 
setting for the higher altitude of operation. 

3. Brakes Do Not Completely Release. Check the 
brakes by feeling all the brake drums. If the brakes 
of a wheel do not completely release, the brake 
drum for that wheel will be holler than the brake 
drums for the other wheels . With the truck lifted with 
a jack , the wheels must have free rotation when 
turned by hand. 

4. Vehicle Operated in Too High a Gear ... If the 
operator does not shift the truck correctly, or 
operates the truck in a "lug" condition (using the 
truck In too high a gear for engine rpm to go up as 
accelerator pedal is pushed farther down, or using 
the truck in a gear where engine rpm goes down 
with accelerator pedal at maximum travel), poor 
vehicle performance is the result. 

5. Extra Engine Driven Equipment . .. Air compressors, 
hydraulic pumps, alternators and other engine 
driven equipment that has damage, or that was not 
installed correctly, or that is not in correct 
adjustment can take more horsefXlwer to drive than 
expected. If necessary, disconnect the equipment 
and test the engine. 

6. Speedometer Error. . A bad speedometer does not 
give the correct speed or the correct indication of 
fuel consumption. An indication of low speed can 
cause Ihe operator to feel that he has a power 
problem. 

7. Speeds Too High ... The need for more horsepower 
is easy to see as the speed of the vehicle is 
increased. This is especially true if the front of the 
vehicle has a large surface area. Apphcation 
personnel can give you the horsepower necessary 
for different vehicle designs at different speeds. 

8. Overload on Vehicle . Application personnel can 
give you the horsepower needs for different 
vehicles. 

9. High Moving Resistance. . Soft ground conditions 
cause a need for more horsepower. To see if the 
problem is the engine, test the vehicle on a surface 
known to be good. or test on a chassis 
dynamometer. 

10. High Wind Resistance. . The horsepower needs 
for a truck can be d ivided into two parts. Part of 
the horsepower is used to move the vehicle and 
part is used to get through the resistance of the 
wind. The horsepower necessary to get through 
the resistance of the wind will increase as the 
vehicle is used at higher speeds. Vehicles with 
large front area have a higher wind resistance and 
take more horsepower than those with a small 
front area. Some types of trucks, for example, 
those used for the transportation of automobiles 
and/or boats have high wind resistance even if the 
front area is small. Moving against the wind has 
the same effect on wind resistance as does higher 
vehicle speed. 

11. Power Loss in Drive Gears ... It is possible for a 
transmission or rear axle to use extra horsepower 
because of damage, not being in correct 
adjustment, haVing the wrong type of fluid or not 
enough fluid in them, or an inside mechanical 
problem. If a part of the drive train unit operates at 
a higher temperature than normal, it can be the 
problem. Check this part of the drive train unit 
before working on any other part of the drive train 
unit. Powershift or automatic transmissions can 
cause the vehicle performance to be low if they 
are out of adjustment or not working correctly. See 
the transmission Service Manua! for the correct 
adjustments. 



12. Wrong Gear Ratios.. The tire size, rear axle ratio, 
and transmission gear ratios must be correcl to 
get maximum performance. If the transmission 
gear ratios are wrong, they can cause the engine 
rpm to go low enough during shilling that the 
engine can nol have correct "acceleration" 
(increase in speed). A rear axle gear ratio which 
supplies too high a vehicle speed wi th the engine 
at a low rpm during nOfmal vehicle operation, will 
cause the engine to be "lugging" (when the truck is 
used in a gear 100 high for engine rpm to go up as 
accelerator pedal is pushed farther down, or when 
the truck is used in a gear where engine rpm goes 
down with accelerator pedal at maximum travel). 
Application personnel can give you the correct ti re 
sizes and gear rat ios for your operation. 

13. Chassis Dynamometer Error ... Chassis 
dynamometers can be a great help in testing a 
vehicle for engine performance if they are in good 
condition and used correctly. When Ihe 
dynamometer IS not In good condition. or a bad 
operating procedure is used, the resull will be 
wrong readings. FOf good comparison of 
horsepower readings from different vehicles, use 
the same dynamometer with the same operator. 

14. Trailers Thai Are Difficult to Pull . . Some trailers 
are more difficult to pull than others because of 
several factors. Some of these factors are: brakes 
not released completely, high wind resistance 
(because of a large front area and/or the design of 
the trailer), axles not in alignment, exira axles, and 
low tire pressure . 

15. High Inlet Air Temperature ... Air coming into Ihe 
engine musl be cool for the engine to have fu ll 
horsepower. If the air inlet system is not of correct 
design or IS not in good mechanical condition, hot 
air can come inlo Ihe engine cauSing a loss of 
horsepower. To check the inlet air temperature, 
instailihe 8T0470 Thermistor Thermometer Group 
into the engine air inlet pipe. 
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Misfiring And Running Rough 



MISFIRING AND RUNNING ROUGH 

T 
Probable Cause(s) 

I 
I. Air in Fuel System I 

T 
2. Va1ve Adjustment Not Correct I 

T 
I 3. Fuel Injection Timing Not Correct 

I 
4. Automatic T iming Advance Does Not 

Operate Correctly 

T 
5. Bad Fuel Nozzle(s) 

I 
6. Valve Leakage; Wear or Damage to 

Pi stons and/or Piston Rings; Wear or 
Damage to Cylinder Walls 

I 
I 7. Cylinder Head Gasket Leakage I 

T 
r 8. Engine Camshaft timing Not Correct I 

I 
9. Fuel Leakage from Fuel Injection 

Line Nut 

I 
10. Fuel Has a High "Cloud Point" 

• 

• 
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Misfiring And Running Rough 

Recommended Procedure 

1. Air in Fuel System, . . With air in the fuel system the 
engine will normally be difficuillo slart, fun rough 
and release a large amount of white smoke. To 
remove the air from the fuel system, open the 
manual bleed valve on the fuel injection pump 
housing, Operate the priming pump untit the lIow of 
fuel from the manual bleed valve is free of air. Close 
the manual bleed valve and fasten the fuel priming 
pump. Slart the engine If the engine still does not 
run smooth or releases a large amount of white 
smoke, loosen the !uelline nuts one al a time al the 
cylinder heads, and permit the luella come out until 
it is free of air. Tighten the fual line nuts. If alf IS not 
removed in this way. put 35 kPa (5 psi) of air 
Pfessure to the fuel lank_ 

NOTICE 
Do not use more than 55 kPa (8 psi) of air pressure in 
the fuel tank or damage to the tank may result. 

Check for leaks at the connections between the fuel 
tank and the fuel transfer pump. If leaks are found, 
tighten the connections or replace the h~es If there are 
no visual leaks, remove the fuel supply hne from the 
tank and connect I! to an outSide fuel supply. If th iS 
corrects the problem, the suction line (standpipe) inside 
the fuel tank has a leak. 

2. Valve Adjustment Not Correct . Check and make 
necessary adjustments as per Testing and 
Adjusting Section of this Service Manual. Intake 
valve clearance ·150.'38 mm \.0\0 \n) ana e:lnaus\ 
valve clearance is 0.64 mm (.025 in). Also check for 
a bent or broken push rod. 

3. fuel InjectIOn Timing Not Correct Check and 
make necessary adjustments as per Testing and 
Adjusting Section of this Service Manual 

4. Automatic Timing Advance Does Not Operate 
Correctly ... Check with engine warm. Use the 
8T5300 Timing Indicator Group to check the 
automatic t iming advance unit. Check to see that 
the advance is smooth and that the amount of 
advance is correct. See Fuel System of the T eSling 
and Adjusting sectIOn 01 thiS Service Manual for the 
subject Checking Engine Timing And Automallc 
Timing Advance Unit With 8T53OO Timing Indicator 
Group Jf the timing indica/or is no! available, make 
rapid "acceleration" (increase In speed) from low 'die 
to tllgh idle. Engine must have smooth acceleration. 

A hmng advance that does not operate correclly can 
cause delays of the engine acceleration at some rpm 
before high idle, or poSSibly cause the engine to run 
rough and have exhaust noise (backfire) dUring 
acceleration. This condition IS difficult to fmd If engine 
acceleration is slow or at a constant engine rpm. 

5. Bad Fuel Nozzle{s) Find a bad nozzle by running 
engine at the rpm where it runs rough. Loosen the 
luelline nut at the cylinder head enough to stop fuel 
supply to that cylinder Each cyl inder must be 
checked this way. If a cylinder IS found where 
loosening of the nut makes no difference in the 
rough running, test the nozzle for that cylinder. To 
test a nozzle. remove the nozzle from the engine 
and test. 

6. Valve Leakage: Wear or Damage to Pistons and/or 
Piston Rings: Wear or Damage to Cylinder 
Wans ... The condition of these parts can be 
checked With a cylinder leakage tester Special 
Instruction, Form No. GMGOO694. gives the test 
procedure. The components can be bad if leakage 
IS more than the specifications. II leakage IS heard 
at the inlet manifold, the Intake valves leak If the 
leakage is heard at the exhaust manifold, the 
exhaust valves leak. It leakage IS heard at the oil 
filler opening. the piston rings leak 

7. Cylinder Head Gasket Leakage ... Check With the 
cylinder leakage tester If leakage IS higher Ihan 
specifications, check at the fuel nozzle hole of the 
next cylinder to see if the leak is between cylinders. 
Leakage at the gasket of the cylinder head can 
show as an outside leak or can cause lass of 
coolant through the radiator overflow. 

S. Engine Camshaft Timing Not Correct. Engine 
camshafltlmlng can be checked by finding the top 
center position for number one cylinder as per 
Testing and Adjusting section of this Service 
Manual. If timing is not correct remove the front 
cover and check l iming marks. If timing marks are 
oorrect check for a broken drive dowel in the 
camshaft drive gear. 

9. Fuel Leakage from Fuel tnjection line 
Nut ... Tighten nut to 42 ± 7 Nom (31 ± 5 Ib It) 
Again check for leakage 

10. Fuel Has a High ·Cloud POint The fuel "cloud 
pOint" is the temperature at which wax begins to 
form in the fuel. II the atmospheric temperature IS 
lower than the ·cloud point" of the fuel. wax will 
form and plug the filter. Change the tiller and 
drain the tank and the complete fuel system The 
replacement fuel must be 01 a better grade with a 
lower "cloud point". 



• TOO MUCH EXHAUST SMOKE 

I 
BLACK OR GRAY 

Engine Runs Smoothly Engine Runs Rough 

I Probable Cauae(s) I I Probable CauM(.) I 

I. Engine Used at an A1titude II. Misfiring Cylinder(s) 
higher than 2500 f1. (762 m) I 

I 12. Fuel Injection Timing 
2 . Engine Used in a Lug Not Correct 

Condition 

13. Automatic Timing Advance 

I 3. Dirty Air Cleaner Does Not Operate Correctly 

4. Air Inlet Piping Damage or 
Restriction I 14. Air in Fuel system I • 

I 
5. Exhaust System"Restriction I 

1 
6. Fuel Injection Timing Not 

Correct 

I 
7. fuel Setting Is Not Correct 

I 
I 8. Low Quality Fuel 

I 
9. Valve Adjusunent Not 

Correct or Valve 
Leakage 

1 
10. Bad Fuel Nozzle(s) 
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Too Much Exhaust Smoke 

Black or Gray 

Engine Runs Smoothly 

Recommended Procedure 

1. Engme Used In a Lug Condition .. "Lugging" (when 
the truck is used in a gear too high for engine rpm 
to go up as accelerator pedal is pushed farther 
down, or when the truck is used in a gear where 
engine rpm goes down witn accelerator pedal at 
maximum travel) the engine causes a reduction in 
the intake of air with tu\l fuel delivery to the 
cylinders. Because there is nol enough air to burn 
all Ihe fuel, the fuel that is not used comes oul Ihe 
exhaust as black smoke. To prevent lugging the 
engine, use a gear where engine can have 
"acceleration" (increase In speed) under load. 

2 . Dirty Air Cleaner ... If the air cleaner has a 
restriction indicator, see If the red piston is in \!lew. If 
there is no restriction indicator, restriction can be 
checked with a water manometer or a vacuum 
gauge (whiCh measures In inches of water). Make a 
connection to the piping between the air cleaner 
and the inlet of the turbocharger. Check with the 
engine running at full load rpm. Maximum restricllon 
is 635 mm (25 In) of water. If a gauge is not 
available. visually check the air cleaner element for 
dirt. If the element IS dirty, clean the element or 
install a new element. 

3 . Air Inlet Piping Damage or Restriction Make a 
vlsuallnspecllOn of the air Inlet system and check 
for damage to piping, rags in the inlet piping, or 
damage to the rain cap or the cap pushed too far 
on the inlet pipe. If no damage is seen, check inlet 
restriction with a clean air cleaner element. 

4. Exhaust Syslem Restriction ... Make a visual 
inspection of the exhaust system. Check for 
damage 10 piping or for a bad muffler. If no damage 
IS found, you can check the system by checking Ihe 
back pressure lrom the exhaust (pressure difference 
measurement between exhaust outlet and 
atmosphere). The back pressure must not be more 
than 1016 mm (40 in) of water. You can also check 
by removing the exhaust pipeS from the exhaust 
mamfolds. With the exhaust pipes removed, start 
and load the engine on a chasSiS dynamometer to 
see It the problem is corrected. 

5. Fuel InJection Timing Not Correct Check and 
make necessary adjustments as per T eS1in9 and 
AdJusllng section of this Service Manual. 

6. Fuel Setting is Not Correct Check and make 
necessary adjustments as per Testing and 
Adjusting SechOn of th iS Service Manual. See the 
Fuel Setting And Related Information Fiche for the 
correct fuel setting. 

7. Low Quality Fuel .. Test the engine With fuel 
according to recommendations by Caterpillar. 

8. Valve Adjustment Not Correct or Valve 
Leakage ... Check and make necessary 
adjustments as per Testing and Adjusting section of 
this Service Manual. Intake valve clearance is 038 
mm (.015 m) and exhaust valve clearance is 0.64 
mm (0.25 in). Valve leakage normally causes the 
engine to "misfire" (injection not regular) and run 
rough. Valve leakage can be checked using the 
cylinder leakage tester. Special Instruction, Form No. 
GMG00694 gives the lest procedure. 

9. Bad Fuel Nozzles .. Bad fuel nozzles will normally 
cause the engine to "misfire" (injection not regular) 
and run rough, but can cause too much smoke with 
engme still running smooth Remove and test the 
fuel nozzles. 



Engine Runs Rough 

10. Misfiring Cyhnder(s) ... See Misfiring and Running 
Rough. 

11. Fuel Injection Timing Not Correct. .. Check and 
make necessary adjustments as per Testing and 
Adjusting section of this Service Manual. 

12. Automatic Timing Advance Does Not Operate 
Correctly ... Check with engine warm. Use the 
8T5300 Timing Indicator Group to check the 
automatic l iming advance unit. Check to see that 
the advance is smooth and that the amount of 
advance is correct. See Fuel System of the Testing 
and Adjusting section of this Service Manual for 
the subject Checking Engine Tim ing And 
Automatic Timing Advance Unit With 8T53OO 
Timing Indicator Group. If the timing indicator is not 
available, make rapid "acceleration' (increase in 
speed) from low idle to high idle. Engine must have 
smooth acceleration. A timing advance that does 
not operate correctty can cause delays of the 
engine acceleration at some rpm before high idle, 
or possibly cause the engine to run rough and 
have exhaust noise (backfire) during acceleration. 
This condition is difficult to f ind if engine 
acceleratlOO is slow or at a constant engine rpm. 

13. Air in Fuel System .. . With air in the fuel system 
the engine will normally be difficult 10 start, run 
rough and release a large amount of white smoke. 
r 0 remove the air from lhe fuel system open the 
manual bleed valve on the fuel injection pump 
housing. Operate the priming pump until the now 
of fuel from the manual bleed valve is free of air. 
Close the manual bleed valve and fasten the fuel 
priming pump. Slart the engine. If the engine sti ll 
does not run smooth or releases a large amount of 
white smoke, loosen the fuel line nuts one al a 
time at the cylinder heads, and permIt the fuel to 
come out until it is free of air. Tighten the fuel line 
nuts. H air is not removed in this way, put 35 kPa 
(5 psi) of air pressure to the fuel tank. 

NOTICE 
Do not use fTlO(e than 55 kPa (8 psi) of air pressure in 
the fuel tank ()( damage to the tank may result. 

Check for leakage at the connections between the fuel 
lank and the fuel transfer pump. If leaks are found, 
tighten the connections or replace the lines. If there are 
no visual leaks, remove the fuel supply hne from the 
tank and connect it to an outside fuel supply. If this 
corrects the problem, the suction hne (standpipe) inside 
the fuel tank has a leak . 
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Too Much Exhaust Smoke 

While Smoke 
Blue Smoke 
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• TOO MUCH EXHAUST SMOKE 

L Probable cause(s>j 

White Smoke Blue Smoke 

I I. Cold Outside Temperatures J 10. Oil Level in Engine 
Too High 

I 2. Long Idle Periods J 
II. Damage 10 Positive Crank-

case Ventilator Valve or 
I 3. Low Quality Fuel I Valve Assembled Wrong 

-.l -.l 
I 4. Air in Fuel System J 112. Worn Valve Guides 

5. Fuel Injection Timing Not 13. Worn Piston Rings and/or 
Correci Cyli nder Walls • 

6. Automatic Timing 14. Wear or Damage to Pistons 
Advance Does Not Operate 
Correctly 

~ 
7. Valve Adjustment Not 

Correct 

-.l 
8. Bad Fuel Nozzles(s) 

-.l 
9. Misfiring Cylinder{s) 

3208 Diesel Truck Enaine .d..?R 
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Too Much Exhaust Smoke 

White Smoke 
Recommended Procedure 

1. Cold OutSide Temperatures. . When the a;f outside 
is cold, the cylinder temperature IS cooler. Not all 
the fuel will burn in the cylinders. The fuel which 
does nol burn comes out the exhaust as white 
smoke. White smoke IS normal In cold temperatures 
unl ll the engine operates long enough to become 
warm. There will be less while smoke if No. 1 diesel 
fuel is used 

2. Long Idle Penods . When an engine runs al idle 
speed for a long period of time, the cylinders cool 
and all of the fuel does not burn. Do not idle an 
engine for a long period of time. Stop an engine 
when it is not in use. H long idle periods are 
necessary. use NO. 1 diesel fuel 

3. Low Ouality Fuel ... Test the engine uSing fuel 
according to recommendations by Caterpillar. 

4. Air in Fuel System ... With air in the fuel system the 
engine Will normally be difficul t to start, run rough 
and release a large amount of white smoke. To 
remove the air from the fuel system open the 
manual bleed valve on the fuel injection pump 
hoUSing. Operate the priming pump until the flow of 
fuel from the manual bleed valve is free of air. Close 
the manual bleed valve and fasten the fuel priming 
pump. Start the engine. If Ihe engine slill does not 
run smooth or releases a large amount of white 
smoke. loosen the fuel line nuts one al a time at the 
cylinder heads. and permit the fuel to come out until 
it is free of air. Tighten the fuel line nuts If air is not 
removed In thiS way. put 35 kPa (5 psi) of air 
pressure to the fuel tank. 

NOTICE 
Do not use more than 55 kPa (8 psi) of air pressure in 
the fuel tank or damage to the tank may result. 

Check for leakage al the connections between the fuel 
tank and the fuel transfer pump If leaks are found. 
tighten the connectIOns or replace the lines. If there are 
no visual leaks, remove the fuel supply hne from the 
tank and connect it to an outSide fuel supply. If this 
corrects the problem. the suction line (standpipe) inside 
the fuel tank has a leak. 

5. Fuelln)ectlon Timing Not Correct ... Check and 
make necessary adjustments as per T esling and 
Adjusting section of thiS Service Manual. 

............... :_-_ ....... _ .. "'--:-- , ?7 

6. Automatic Timing Advance Does Not Operate 
Correctly ... Check with engine warm. Use the 
8T53OO Timing Indicator Group to check the 
automatic liming advance unit. Check to see that 
the advance IS smooth and that the amount of 
advance is correct. See Fuel System of the Testing 
and Adjusting sechon of thiS ServICe I\'\anual for the 
subJecl Checking Engine Timing And AutomatiC 
Timing Advance Unit With 8T53OO Timing Indicator 
Group. If the Ilffilng indicator is not available, make 
rapid ·acceleration" (increase in speed) from low Idle 
to high idle Engine must have smooth acceleration. 
A timing advance that does not operate correctly 
can cause delays of the ertgine acceleration at 
some rpm before high idle, or possibly cause the 
engine to run rough and have exhaust noise 
(backfire) during acceleration. This condition IS 
d iff icult to fi nd if engine acceleration is slow or at a 
constant engme rpm. 

7, Valve Adjustment Not Correct ... Check and make 
necessary adJustmenls as per Testing and 
Adjusting section of this Service Manual. Intake 
valve clearance IS 0.38 mm (015 in) and exhaust 
valve clearance is 0.64 mm (.025 in). 

8. Bad Fuel Nozzles(S) . Bad Fuel nozzles will 
normally cause the engine to "misfire·· (injection not 
regular) and run rough. but can cause 100 much 
smoke and the eng,ne slill be running smoolh . 
Remove and test the fuel nozzles. 

9. Misfiring Cyllnder(s) 
Rough. 

Trnllhl ... c:hnntinn 



Blue Smoke 

10. Engine Oil Level Too High ... Do not put 100 much 
oil in the crankcase. H the oil level in the crankcase 
goes up as Ihe engine is used, check for fuel in 
the crankcase. See Fuel In Crankcase Oil. 

11. Damage to Positive Crankcase Ventdator Valve or 
Valve Assembled Wrong ... The positive 
crankcase ventilator valve must be assembled 
correctly and the diaphragm and/or gasket must 
be free of damage. 

12. Worn Valve Guides ... See the Specifications 
seClian 01 this Service Manual for the maximum 
permissible wear of the valve guides. The repair 
procedure for valve guides is in the Reconditioning 
Procedures section of this Service Manual. 

13. Worn Piston Rings and/or Cylinder Walls,. Worn 
piston rings and/Of cylinder walls can be the 
cause of blue smoke and can cause a loss of 
compression. Check cylinder condition with the 
cylinder leakage tester. Special Instruction, Form 
No. GMG00694, gives the test procedure. Make a 
visual inspection of the cylinder walls and piston 
rings. If necessary measure the cylinder walls and 
piston rings. For the cylinder and piston ring 
specifications see the Specification SectlOfl of this 
Service Manual. NOTE: High wear at low mileage 
IS normally caused by dirt coming into the engine 
with the inlet air 

14. Weal or Damage to Pistons . . . Check piston ring 
to groove clearance. Pistons which have worn 
grooves and pistons with damage or defects can 
cause blue smoke and too much oil consumption. 
Make sure the oil return holes under the oil ring are 
open. 

• 

• 



Difficult Starting 

• Engine Crankshaft Turns Freely 

• 
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• DIFFICULT STARTING 

I 
Engine Crankshaft 
Turns Freely 

Exhaust Smoke Can Be Exhaust Smoke Can Not 
Seen While Starling Be Seen While Starling 

I Probable caua8(s) I I Probable Cause(s) I 

I. Cold Outside Temperatures I 9. No Fuel in Tank(s) I 
I 

2. Ai r in Fuel System 10. No Fuel From Fuel 
Injection Pump 

3. Low Quality Fuel I 
I II. Exhaust System Not Open I 

4. Low Fuel Pressure • 
5. Fuel Injection Timing Not 

Correct 

6. Valve Adjustment Not 
Correct 

I 
I 7. Bad Fuel Nozzle(s) 

8 . Low Compression I 
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Difficult Starting 

Engine Crankshaft Turns Freely 

Exhaust Smoke Can Be Seen While 
Starting 

Recommended Procedure 

1. Cold Outside Temperatures ... It may be necessary 
to use starting aids or to heal engine oil or coolant 
at temperatures below 1Qoe (50°F). 

2. Air In Fuel Syslern With air in the fuel system the 
engine will normally be dillicult to start, run rough 
and release a large amount of white smoke To 
remove the air from the fuel system, open the 
manual bleed valve on the fuel injectIOn pump 
housing Operate the priming pump until the flow of 
fuel from the manual bleed valve is free of air. Close 
the manual bleed valve and fasten the fuel priming 
pump. Start the engine. If the engine still does not 
run smooth Of releases a large amount of while 
smoke, loosen the fuel line nuts one at a time al the 
cylinder heads, and permit the fuel 10 come out until 
it is free of air Tighten the fuel line nuts. If air is not 
removed in thiS way, put 35 kPa (5 psi) of air 
pressure to the fuel tank 

NOTICE 
Do not use more than 55 kPa (8 psi) of air pressure in 
the fuel tank or damage to the tank may result. 

Check for leakage at the connections between the fuel 
tank and the luel lransfer pump. If leaks are found, 
tighten the connections or replace the lines. It there are 
no visual leaks, remove the fuel supply line from Ihe 
tank and connect it 10 an outside fuel supply. If this 
corrects the problem, the suction line (standpipe) inside 
the fuel tank has a leak. 

3. Low Quality Fuel . . . Remove a small amount of fuel 
from the tank and check for water in the fuel. If 
there IS water In the fuel. remove fuel from the tank 
until it is tree of water and fill with a good quality 
fuel. Change the fuel filter and prime" (remove the 
air and/or low quality fuel from the fuel system) the 
fuel system \vith the fuel priming pump. H there IS no 
water in the fuel, prime and start the engine by 
using an outside source of fuel If engine starts 
correctly using different fuel. remove all fuel from 
the tank and fill with good quality fuel. Prime the 
fuel system If necessary. 

4. Low Fuel Pressure Change the fuellilter. If the 
pressure is still low, check the bypass valve In the 
fuel transler pump. Debr is In the system can make 
the valve become stat ionary in the open position . 

5, Fuel InJection Timing Not Correct Check and 
make necessary adjustments as per Testing and 
Adjusting section of this Service Manual. 

6. Valve Adjustment Nol Correct. . Check and make 
necessary adjustments as per Testing and 
Adjusting section of thiS Service tvtanual. Intake 
valve clearance is 0.38 mm (.015 in) and exhaust 
valve c learance IS 0.64 mm (.025 in) 

7. Bad Fuel Nozzle{s) . Remove and test the fuel 
nozzles 

8. Low Compression . . . See Misfiring and Running 
Rough 



Exhaust Smoke Can Not Be Seen While 
Starting 

9. No Fuel in Tank(s) .. , Check fuel level visually (do 
not use the fuel gauge only). Be sure tank selection 
valve is open to the tank with fuel in it . Be sure 
valve in fuel line between the tanks is open. 

10. No Fuel From Fuel Injection Pump .. , Loosen a 
fuel injection line nut at the pump housing. With 
ignition switch in the ON position and accelerator 
in the FUEL ON position, turn the engine with the 
starter to be sure there is no fuel from the fuel 
injection pump_ To find the cause for no fuel, 
follow Steps (a) through (d) until the problem is 
corrected. 

a. Prime the fuel system as shown in Procedure No.2. 

b. Check shutoff solenoid by turning ignition switch to 
ON position. You must hear a sound when the 
plunger opens. If no sound is heard, make sure 
there is battery voltage at the solenoid . H the 
solenoid does not work, install a new solenoid. 

c. If you are not using a good quality of fuel at 
temperatures below - 12°C (10°F), it is possible that 
the fuel in the system can "wax" (not have correct 
flow characteristics) and cause a restrict ion in the 
fuel system. Install a new fuel filter. It may be 
necessary to drain the complete fuel system and 
replace with a No.1 grade of fue l. 

d. Check for fuel supply line restriction by removing 
the fuel supply line for the fuel filter base. Put 35 
kPa (5 psi) of air pressu re to the fuel tank. 

NOTICE 
Do not use more than 55 kPa (8 psi) of air pressure in 
the fuel tank or damage to the tank may result. 

If there is no fuel. or only a weak flow of fuel from the 
fuel supply line, there is a restriction in the fuel supply 
line and/or the fuel tank. 

11. Exhaust System Not Open ... Loosen the exhaust 
p ipe from the exhaust manifold. If engine will now 
start, check the exhaust system for damage 
and/or restrictions. 

.-
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Difficult Starting 

Engine Crankshaft Will Not Turn 
Engine Crankshaft Turns Too Slowly 



DIFFICULT STARTING 

Engine Crankshaft Engine Crankshaft 
Will Not Turn Turns Too Slowly 

I Probable C8use(s} J I P,_.1e cause(o) I 

I. Low or No Battery Voltage I 8. Low Battery voltage 

2. Bad Switch. Bad Wiring or 9. Bad Cable or Connection; 
Connection in Switch Circuil Battery 10 Starter 

I 
3. Bad Cable or Connection; 10. Oil Too Thick for Free 

Battery to Starter Crankshaft Rotation 

I 
I 4. Bad Starter Solenoid I I II. Bad Starter Molor • I 

5. Bad Starter MOlor I I 12. Extra Outside Loads 

I 
6. Transmission or Power Take- 13 . Mechanical Problem Inside 

off Problem Prevents Engine 

Crankshaft From Turning 

I 
7. Inside Problem Prevents 

Engine Crankshaft From 
Turning 
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Difficult Starting 

Engine Crankshaft Will Not Turn 

Recommended Procedure 

1. Low Of No Batlery Vol tage . Check battery 
voltage. If battery voltage is less than 8 vo/ls for a 
12 vol t system. or 16 valls for a 24 volt system, put 
a charge to the battery. If battery will not hold a 
charge, load test the battery as shown in the 
Electrical System of the Testing and AdJustirlQ 
secllOn at this Service Manual. 

2. Bad SWitch, Bad Wiring or Connection In Switch 
CirCUli With ignition switch in START position, 
check voltage al switch connection on starter 
solenoid If there IS no voltage, or if the vOltage is 
low at this connection, check wiring, connections, 
ignition sWitch, and magnetic switch (If used). 

3. Bad Cable or Connection; Battery to Starter With 
ignition SWitch in the START position, check voltage 
at connection of battery cable to starter. If there IS 
no voltage or if the voltage is low at this connechon 
and there is good voltage at the battery, check for 
bad cable or connectIOn between the battery and 
the starter. 

4. Bad Starter Solenoid Remove and repair a 
solenOId which does not work when voltage is 
correct at both the battery and ignition switch 
connections. 

S. Bad Starter Motor .. If the solenoid works and the 
starter motor does not turn the crankshaft, the 
starter motor is bad Before removing the starter 
motor, turn the crankshaft by hand to be sure a 
mechanical fai lure inside the engine, transmission, 
or power take off is not preventing the crankshaft 
from turning, II crankshaft turns Ireely by hand, 
engage the starter motor again. If the starter motor 
still Will not work, remove the starter motor and 
repair it, or install a new starter motor. 

6. TransmiSSion or Power Take-off (if so equipped) 
Problem Prevents Crankshaft From Turning, . If 
crankshaft can not be turned by hand, disconnect 
the transmission and power take-ofl. If crankshaft 
Wil l now turn, lind the cause of the pmblem in the 
transmission or power take-off and make necessary 
corrections. 

7. Inside Problem Prevents Engine Crankshaft From 
Turning If the crankshaft can not be turned after 
disconnecting the transmission and power take-off, 
remove the fuel nozzles and check for flUid In the 
cylinders while turning the crankshaft. If fluid in the 
cylinders IS not the problem, the engine must be 
disassembled to check for other inside problems. 
Some of these inside problems are bearing seizure , 
piston seizure, and valves making contact with 
pistons. 

Engine Crankshaft Turns Too Slowly 

8. Low Battery Voltage _ . Check battery voltage. If 
battery voltage is less than 6 volts for a 12 volt 
system, or 16 volts for a 24 voll system put a 
charge to the battery_ If ihe battery will not hold a 
charge, load test the battery as shown n the 
Electrical System of the Testing and Adjusting 
section of thiS Service Manual. 

9. Bad Cable or Connection; Battery to Starter ... With 
SWitch In START position. check VOltage at battery 
cable connection to starter If voltage is low at this 
connection and there IS good voltage at the battery, 
check for bad cable or connection between the 
battery and the starter. 

10. Oil Too Thick for Free Crankshaft Rotation Use 
recommended Lubricant Viscosities as found in 
the Operation And Maintenance GUide 

11. Bad Starter Motor. . Remove and test. Make 
repairs as necessary or install a new starter motor 

12. Exira OutSide Loads Damage to the power 
take-ofl equ'pment (if so equipped) and/or 
transmission can put extra load on the engine. 
ThiS prevents free rotation of the crankshaft To 
check, disconnect the transmission and power 
take-off. and start the engine. 

13. Mechanical Problem Inside Engine .. Take the 
eng,ne apart and check all components for 
damage. 



COOLING SYSTEM • 
Above Nonnal Heating Above Normal Heating (Conl) 

I I 
I Probable CauN(s) I I P""",.,. CauM(&) I 

I I 
I. Low Coolant Level I I 15. Operation at High Altitude I 

I I 
2. Bad Temperature Gauge 16. Engine Used in a Lug 

I Condition 

3. Dirty Radiator I 
I I 17. Air Inlet Restriction I 

I 4. Loose Belt(s) 

I I 18. Exhaust Restriction I 
I 5. Bad Hose(s) I 

I 
19. Fuel Injection Timing 

Not Correct 

I 6. Shunt Line Restriction I 
I 20. Transmission Problems I • 

7. Shutters Not Opening Correctly 

I Below Normal Heating 

8. Bad Water Temperature I Regulators 

I I "'''e.Ie CauM(&) I 
9. Bad Water Pump I 

I 21. Long Idle Periods I 
10. Air in Cooling System I 

I 22. Very Light Load I 
11. Wrong Fan , Fan or Shroud I 

Not in Correct Position 
23. Bad Water Temperature 

I Regulator(s) and/or 

12. Radiator Too small Vent Valve 

I 
13. Not Enough Air How Through 

Radiator Because of Restriction 
in Engine Compartment 

I 
14. High Outside Temperature 
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Cooling System 

Above Normal Heating 

Recommended Procedure 

1. Low Coolant Level II the coolant level is too low, 
not enough coolant will go through the engine and 
radiator. This lack of coolant \'llill not take enough 
heal from the engine and there will not be enough 
flow of coolant through the radiator to release the 
heat Into the COOhrlg air. Low coolant level is caused 
by leaks or wrong fill ing of the radiator. With the 
engine cool, be sure thai coolant can be seen at 
the low end of the fill neck on the radiator top lank. 

2. Bad Temperature Gauge. A temperature gauge 
which does not work correctly will not show the 
correct temperature. If the temperature gauge 
shows that the coolant temperature is too hot but 
other conditions are nOfmal, either install a gauge 
you know IS good or check the cooling system with 
the 8T0470 Thermistor Thermometer Group 

3. Dirty Radiator. . Check the radiator for debris 
between the fins 01 the radiator core which prevents 
free air flow through the radiator core. Check the 
radiator for debns, dirt. or depOSits on the inside 01 
the radiator core which prevents free Ilow 01 coolant 
through the radIator. 

4. Loose Belt(s) ... Loose fan belts will cause a 
reduction In air flow. Tighten the belts according to 
V·Bell Tension Chart that IS shown in Specification 
section of thiS Service Manual. 

5. Bad Hose(s). . Bad hoses with leaks can normally 
be seen, Hoses that have no visual leaks can 
"collapse" (pull together) during operation and cause 
a restriction in the Ilow of coolant. Hoses become 
soft and/or get cracks after a period of time . Hoses 
must be changed after 50,000 miles or a year of 
use. The InSide of a hose can deterioriate and the 
loose parlicles of the hose can cause a r~striction in 
the flow of coolant 

6. Shunt Line Restriction. . A restriction of the shunt 
hne from the radiator top tank to the engine water 
pump Inlel, or a shunt line not installed correclly. Will 
cause a reduction In water pump efficiency. The 
result will be low coolant now and overheating 

7. Shullers Not Opening Correctly Check the 
operllng temperature of the shutters. The shutters 
must be completely closed at a temperature below 
the tully open temperature of the water temperature 
regulators. 

8. Bad Water Temperature Regulator(s) . A regulator 
that does not open, or only opens part of the way. 
can cause above normal heating To test the 
thermostats, see the Testing and Adjusting section 
of thiS Service Manual. 

9. Bad Water Pump. . A water pump wilh a loose or 
damaged Impeller does not pump enough coolant 
for correct engine coohng Remove the water pump 
and check for damage to the impeller. It the Impeller 
has no damage, check the Impeller clearance. The 
clearance between the Impeller and the housing is 
0.28 to 0.84 mm (,011 to .033 in). 

10. Air In Cooling System Air can get into the 
cooling system in different ways The most 
common causes are not fill ing the cooling system 
correctly, and combustion gas leaking inlo ttle 
system. Combustion gas can get into the system 
ttlrough InSide cracks or bad cylinder head 
gaskets. Air in the cooling system causes a 
reduction in coolant flow and bubbles in the 
coolant. Air bubbles hold coolant away from 
engine parts, preventing heat flow. 

Air In the cooli ng system can be found by the Bottle 
Test. The equipment needed to make this test is a one 
pmt bottle, a bucket of water and a hose which will fi t 
Ihe end at the overflow pipe of the radiator 

Before testing make sure the cooling system IS filled 
correctly. Use a wire to hOld the relief valve in the 
radiator cap open Inslallthe radiator cap and lighten it 
Put the hose over the end of the overflow pipe. 

St~~t the engine and operate it at high idle rpm for a 
minimum of five minutes after the engine is at normal 
operating temperature, Use a cover on the radiator core 
to keep the engine at operating temperature After five 
or more minutes at operating temperature, place the 
loose end of the hose in the bottle f illed With water Pul 
the bottle in the bucket 01 water with the top down. If 
the water gets out of the bottle in less than forty 
seconds, there is too much exhaust gas leakage into 
the cooling system Find the cause of the air or gas 
getting into the cooling system and correct as 
necessary. 
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11. Wrong Fan, Fan or Shroud Not in Correct 
Position ... A wrong fan, or a fan or shroud in a 
wrong position will cause a reduction or a loss of 
air lIow through the radiator. The fan must be large 
enough to send air through most of the area of the 
radiator core. Make sure the fan size, fan shroud 
and position of fan and shroud are according to 
the recommendations of the Truck Manufacturer. 

12. Radiator Too Small ... A radiator which is too 
small does not have enough area to release the 
heat to the cooling air. This will cause the engine 
to run at higher than normal temperatures. Make 
sure the radiator size is according to the 
recommendations of the Truck Manufacturer. 

13. Not Enough Air Flow Through Radiator Because of 
Restriction in Engine Compartment. The air flow 
through the radiator comes out of the engine 
compartment. Make sure the filters, air 
conditioners and similar Items are nol installed in a 
way which prevents free flow of air into and out of 
the engine compartment. 

14. High Outside Temperature ... When outside 
temperatures are too high for the rating of the 
cooling system, there is not enough temperature 
difference between the outSide air and coolant 
temperatures. To get better cooling , use the truck 
in a lower gear. 

15. Operation at High Altitude. .. The cooling 
capacity of the cooling system goes down as the 
truck is used at higher altitudes. A system, under 
pressure, large enough to keep the coolant from 
boiling must be used . 

16. Engine Used in a Lug Condition ... "Lugging" 
(when the truck is used in a gear too high I()( 
engine rpm to go up as accelerator pedal is 
pushed farther down, or when the truck is used in 
a gear where engine rpm goes down with 
accelerator pedal at maximum travel) the engine 
causes the engine rpm and fan rpm to be low. 
ThiS low rpm causes a reduction in air flow through 
the radiator, and a reduction In the flow of coolant 
through the system. This combination of less air 
and less coolant flow during high input of fuel will 
cause above normal heating. 

17. Air Inlet Restriction . . . Restriction of the air coming 
into the engine causes high cyl inder temperatu res 
and more than normal amount of heat to pass to 
the cooling system. Check for a restrictIOn with a 
water manometer or a vacuum gauge (which 
measures in inches of water). Connect the gauge 
to the engine air inlet between the alf cleaner and 
the inlet to the turbocharger. With gauge installed, 
run engine at full load rpm and check the 
restriction. Maximum restriction of air inlet is 635 
mm (25 in) of water. If the Indication is higher than 
the maximum permissible restriction, remove the 
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dirt from the filter element, or install a new filter 
element and check the restr iction again. If the 
indication is still too high, there must be a 
restriction in the Inlet piping. 

18. Exhaust Restriction . Restriction in the exhaust 
system causes high cylinder temperatures and 
more than normal amount of heat to pass to the 
cooling system. To see if there is an exhaust 
restriction, make a visual Inspection of the exhaust 
system. Check for damage to piping or for a bad 
muffler. If no damage is found, check the system 
for back pressure from the exhaust (pressure 
difference measurement between exhaust outlet 
and atmosphere). The back pressure must not be 
more than 1016 mm (40 in) of water. You can also 
check the system by removing the exhaust pipes 
from the exhaust manifolds. With the exhaust 
pipes removed, start and run the engine to see if 
the problem is corrected. 

19. Fuel Injection Timing Not Correct ... Check and 
make necessary adjustments as per T eSling and 
Adjusting section of this Service Manual. 

20. Transmission Problems ... Power·shift or 
automatic transmissions that are cooled by the 
engine cooling system can cause above normal 
heating if they are out of adjustment or not working 
correctly. See the transmission Service Manual for 
the correct adjustments. 

Below Normal Heating 

21 . Long Idle Periods ... When the engine IS running 
with no load, only a small quantity of fuel is burnt 
and engine heat is removed too fast. 

22. Very light Load Very light loads, and a very 
slow speed or downhill travel can cause below 
normal heating because of the low heat input of 
the engine. The installation of shutters helps to 
correct this condition. 

23. Bad Water Temperature Regulator(s) and/or vent 
valve ... A regulator that is "stuck" open (Will not 
move to the closed position) will cause below 
normal heating. A regulator that is stuck between 
the open and closed positions, ()( a venl valve thai 
is stuck open, can cause below normal heating 
when the truck has a light load. 

• 
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Loss Of Coolant 
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LOSS OF COOLANT • 
I ."", •• ,. Cause(s) I 

A. OUTSIOE LEAKS I C. INSIOE LEAKAGE I 

I I 
L Probable Cause(s) J I ..... bI. C.use(s) I 

I I 
I. Leaks in Hoses or 10. Cylinder Head Gasket 

Connections Leakage 

I I 
2. Leaks in the Radialor II. Crack(s) in Cylinder 

and/or Expansion Tank Head 

I I 
3. Leaks in the Healer 12. Crack(s) in Cylinder 

I Block 

4. Leaks in the Water Pump 

I • 5. Cylinder Head Gasket 
Leakage 

I 
B. COOLANT LEAKS AT THE 

OVERFLOW TUBE 

I 
I Probabk! Cause(s) 

I 
I 6. Bad Pressure Cap 

I 
I 7. Engine Runs Too Hot 

I 
8. Expansion Tank Too Small 

I 
9. Cylinder Head Gasket 

Leakage or Crack(s) in 
Cylinder Head or Cylinder 
Block 

.............. _-_ .-- .. - . 
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Loss of Coolant 

Recommended Procedure 

A. Outside Leaks 

1. Leaks In Hoses or Connections. . Check an hoses 
and connectIOns fOf visual signs of leakage. If no 
leak.s are seen, look for damage to hoses Of loose 
clamps 

2. Leaks In the Radiator and/or Expansion 
Tank. . Put pressure to the radiator and/or 
expansion tank with the 958 140 Cooling System 
Pressur izing Pump Group and check for leaks. 

3. Leaks in the Heater . . . Put pressure to the cooling 
system with the 958140 Cooling System 
pressurizing Pump Group and check the heater for 
leaks, 

4. Leaks in the Water Pump ... Check the water pump 
for leaks before star l ing the engine, then start the 
engine and look for leaks. It there are leaks at the 
water pump, repair or Install a new water pump. 

5. Cylinder Head Gasket Leakage . Look for leaks 
along the surface of the cylinder head gasket. If you 
see leaks, Install a new head gasket. 

B. Coolant Leaks at the Overflow Tube 

6. Bad Pressure Cap or Relief Valve. . Check the 
sealing surfaces ot the pressure cap and the 
radiator to be sure the cap is sealing correctly. 
Check the opening pressure and sealing ability of 
the pressure cap or relief valve with the 9S8140 
Cooling System Pressurizing Pump Group. 

7. Engine Runs Too Hot If coolant temperature is 
100 high, pressure will be high enough to move the 
cap off of the sealing surface in the radiator and 
cause coolant loss Ihrough the overflow tube. See 
"Above Normal Heating" In COOLING SYSTEM 
Chart. 

8. ExpanSion Tank Too Small or Installed 
Wrong The expansion tank can be either a part 
of the radiator or it can be Installed separately from 
the radiator The expanSion ta nk must be large 
enough to hold the expanSIOn of the coolant as II 
gelS warm or has sudden changes in pressure. 
Make sure the expansion lank is installed correctly, 
and the size is according to the recommendations 
of the Truck Manufacturer 

........... ,--_ .... _ .. _ ..... _-,-- '" 

9. Cylinder Head Gasket Leakage, or Crack(s) in 
Cylinder Head or Cylinder Block . . . Remove the 
radiator cap and With the engine running look for air 
bubbles In the coolant Bubbles in the coolant are a 
sign of probable leakage at the head gasket. With 
the engine not running, check each cylinder with the 
cylinder leakage tester. Special Instruction, Form No. 
GMG00694 gIVes the test procedure. If you see air 
bubbles In the coolant during thiS test, there IS a 
leak of combushon gas Inlo the cooling system 
Remove the cylinder heads from the engine Check 
cylinder heads, cylinder walls and head gasket 
surface of the cylinder block for cracks. When 
installing heads, use new head gasket. 

C. Inside Leakage 

10. Cylinder Head Gasket Leakage .. If the cylinder 
head gasket leaks between a water passage and 
an opening Into the crankcase, coolant will get Into 
the crankcase. 

11. Crack(s) in Cylinder Head. Crack(s) in the upper 
surface of Ihe cylinder head, or an area between a 
water passage and an opening Into the crankcase, 
can anow coolant to gellnto the crankcase. 

12. Crack(s) In Cylinder Block .. Crack(s) in the 
cylinder btock between a water passage and the 
crankcase will let coolant get into the crankcase 
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FUEL IN CRANKCASE OIL 

I 
I Probable Cause(s) I 

I 
1- Bad Seals on Fuel Injection ~mp 

Camshaft and/or the Drain Line from the 
Bottom of the Fuel Transfer Pump has 
a Restriction 

I 
2. Loose Fuel Injection Nozzle Nut I 

I 
3. Bad Fuel Noule(s) I • 



• 

• 

Fuel in Crankcase Oil 

Recommended Procedure 

1. Bad Seals on Fuel Injection Pump Camshaft and/or 
the Dra,n Une from the boUom ol lhe Fuel Transfer 
Pump has a Restriction ... It both seals on the fuel 
pump camshaft In the body for the fuel transfer 
pump and/or the drain line from the bottom of the 
fuel transfer pump has a restriction the fuel can leak 
by the seals directly Into the engine To correct, 
install new seals in the body for the fuel transfer 
pump and be sure tile drain line is open, 

2. Loose FuellnJ€ctlon Nozzle Nul(S) A loose fuel 
Injection nozzle nut or a bad O-ring seal on the 
nozzle inlet can cause fuel leakage. Tighten nozzle 
nut(s) to 42 ± 7 Nom (3 1 ± 5 Ib ft) and check lor a 
bad O-ring seal 

3. Bad Fuel Nozzle(s). . Ctleck fuel nozzle(s) for 
cracks in inlel fitting, inlet line, or nozzle body. If you 
do nol see a crack. slarlthe engine and visually 
Inspect each nozzle for leaks. Cracks In the Inlet 
fitling and nozzle body are nozzle defects Cracks 
in the Lnlet hne are caused by the nozzle not being 
lightened correclly. Check for leakage at the fuel 
nozzle cap If no leakage LS seen the fuel nozzles 
can be removed and checked 
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Engine Vibration 
Troubleshooting 

1. The customer must be asked questions to 
determine whether his complaint is valid, or whether 
his diagnosis of the actual problem is correct. 

Some 01 the questions that must be asked are as 
follows: 

a. What components are vibrating? 

b. In what speed range does this vibration become 
excessive? 

c. Does clutch operation aHect the vibration? 

d. What is the history o f the problem? 

2. Run the engine through the idle speed range and 
nole all vibrating components. Look for any loose or 
broken mounts, brackets and fasteners . Repair and 
lighten any fix tures 

3. Check Idle speed range with clutch disengaged. If 
vibrations subside, there is a balance problem WIth 
the c lutch disc . The clutch disc must be repaired or 
replaced. 

4. Further analysis requires the use of a vibration 
instrument. Any instrument which can accurately 
measure the displacement o f the vibration (usually 
in mils·inch/1000) and the frequency (cycles per 
minute) will be sufficient. 

NOTE: A vibration instrument such as the IRD 
Mechanatysis Model 320 or an equivalent instrument 
can be used to analyze vibration . 

5. Measure vibration of cab components which have 
the objectionable vibration. 

Run engine slowty through the speed range and 
measure vibration wi th the Instrument filter OUT. When 
peak amplitudes are found, run the engine at the 
speeds they occur and with the instrument f ilter IN , find 
the frequency of the vibration 

If the frequency of vibration is 1f.z times of engine rpm 
(112 order), the vibration IS caused by a cylinder 
misfiring. This must be corrected before fur ther 
vibration analysis IS made. 

I! the frequency of vibration IS 4 times engine rpm, no 
corrective action can be taken on the engine because 
this IS the flflng frequency of the 3208 Engine. The 
problem is in the cab or chassis resonance. 

If frequency is some order other than 1.h or 4th , then 
further measurements must be made on the engine. 

•• 0 

6. Measurements taken on the engine must be made 
perpendicular to the crankshaft at the front and rear 
of the engine in vertical and horizontal directions. 

7. Record all vibrations over 4.0 mils and the engine 
rpm at which It occurs (100 rpm intervals are 
suff iCient) Wi th Instrument fi lter OUT. Note any 
sudden increase and decrease in amplitudes. These 
occur In resonant speed ranges. 

If no amplitudes exceed 40 mils, the engine is Wi thin 
Caterpillar Specs. 

If amplitudes exceed 4.0 mils, the vibrations must be 
measured with the instrument filter IN to obtain the 
frequency of the vibrations. 

8. Run the engine at high idle. With the instrument 
fi lter IN, check the frequency range and record any 
amplitudes over 4.0 mils and the corresponding 
frequency. Analysis of vibrations for the pOSSible 
causes is done by identifying the frequency of the 
vibration and where on the engine it is the greatest 
magnitude. 

9. Before vibration is rechecked, rotate the crankshaft 
to No. 1 cylinder top center position. Install a 318.16 
bolt 1 ¥.- long with a nut Into the flywheel at the 9 
o'clock position. 

10. The location on the engine at maximum Vibration 
(front cr rear) can help pinpoint the cause of the 
Vibration. High rear vibrations could be caused by 
the flywheel. 

"9" __ •• 1.' __ ... __ •• __ 
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General Instructions (0 & A) 

The following instructions will prove helpful to 
disassemble and assembly engine components. The 
information should be read and then referred to as 
necessary. 

Cleanliness 

Whenever hydraulic, fuel, lubricating oil or air lines are 
disconnected, clean the point of disconnection and the 
adjacent area. As soon as the disconnection is made, 
cap. plug or tape the line or opening to prevent entry 
of foreign material. The same recommendations for 
cleaning and covering apply when access covers or 
inspection plates are removed. 

Clean and inspect all parts. 6e sure all passages and 
holes are open. Cover all parts to keep them clean. Be 
sure parts are clean when installed. Leave new parts in 
their containers until ready for assembly. 

Removal And Installation 

Unless otherwise specified, all removals should be 
accomplished using an adjustable lifting beam. All 
supporting Members (chains and cables) should be 
parallel to each other and as near perpendicular as 
possible to the top of the object being lifted. 

CORIECT INCORRECT 

When it is necessary to remove a component on an 
angle, remember that the capacity of an eyebolt 
diminishes as the angle between the supporting 
members and the object becomes less than 90" 
Eyebolts and brackets should never be bent and 
should only have stress in tension. A length of pipe and 
a washer can be used, as shown, to help relieve these 
stresses on eyebolts . 

5·2 

3 mm ( . 125 in ) THI_C_K_-.. 
FLAT WASHER 

PI PE 

Forged eyebolts are available . Each eyebolt has a 
maximum load recommendation. 

EYEBOLT LOAD RECOMMENDATtON 

MAXIMUM LOAD 
SIZE PART NO. 

Ib,. kg 

v,'-2O lP7403 600 272.3 

5116"-18 lP7404 1125 510.6 

~"-16 1P7405 1625 737.6 

7/ 16"-14 1P7406 2250 1021.3 

~"-13 1P7407 3000 1361 .7 

'ji"-1 1 2D1201 5000 2269.5 

¥." '" 1P7409 6250 2836.9 

Some removals require the use of lifting fixtures to 
obtain proper balance and to provide safe handling. 

If a part resists removal, check to be certain all nuts 
and bolts have been removed and that an adjacent 
part is not interfering. 

Disassembly And Assembly 

When assembling an engine, complete each step in 
turn. Do not partially assemble one part and start 
assembling some other part. Make all adjustments as 
recommended. Always check the job after it is 
completed to see Ihal nothing has been overlooked. 

General Instructions (0 & A) 



Lubrication For A Rebuilt Engine 

It is very important for a rebuilt engine to have 
"adequate" (needed) lubrication during the first 
seconds of operation. A "dry start" (without needed 
lubrication) on a rebuilt engme or an engine that has 
been in storage can cause bearing damage. 

To prevent the possibility of a "dry start" and bearing 
damage during the first few seconds of running, use 
the 1P0540 Flow Checking Tool Group and shop air 
pressure to pressure lubricate (fill the main oil passage 
with oil under pressure) all rebuilt engines and all 
engines thai have been in storage. 

Procedure For Pressure lubrication 

1. Clean the tank of the 1P0540 Flow Checking Tool 
Group thoroughly, and set the pressure regulator to 
240 ± 35 kPa (35 ± 5 PSi). 

A WARNING 

Air pressure should not be more than 345 kPa (50 
psi) at any time. 

2. Put the correct engine oil into the tank. Use a 
minimum of 30% of the engine oil capacity. For 
some engines it will be necessary to fill the tank 
several times to get the correct amount of oil in the 
engine. 

3. Connect the tooling to the main oil passage of the 
engine. 

4. Add air pressure to the tank, With the regulator set 
at 240 ± 35 kPa (35 ± 5 psi). Although the tank has 
a hand pump, II is diff icult to get enough air 
pressure to do the job with the hand pump. 
Therefore, use of shop air is recommended 

5. Let the engine oil flow Into the all passage under 
pressure. 

Fill the crankcase with the correct engine oil. The 
amount of oil used in the pressure lubrication 
procedure must be subtracted from the recommended 
refill capacity in the Operation Maintenance Manual. If 
the engine is not going to be used for a long time , do 
the above procedure again before the fi rst start. 
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If shop air is not available, for charging the tank, the 
hand pump may be used to get the minimum required 
pressure. 

NOTICE 
DO NOT use the same 1 P0540 Flow Checking Tool 
Group for both "pressure lubrication application~ and 
for checking fuel flow. Incorrect cleaning is probable if 
the tool is used for both fuel and lubrication oil. Even a 
minute amount of dirt in the fuel system can cause fuel 
nozzle failure. 

Initial Operation After Engine 
Reconditioning 

The quality of oil control components used In 
Caterpillar engines is such that, following engine 
recondit ioning (with Caterpillar Service Parts), only an 
initial operallOnal check is necessary before continued 
operation in normal service. 

The purpose of this initial operallOnal check is to: 
insure that the engine has been assembled properly; 
determine if proper pressures and temperatures are 
maintained in the lubrication, cooling, and fuel 
systems: correct any leaks; perform necessary 
adjustments (such as valve clearance, governor high 
and low idle speeds, etc.); check the set point. 

To provide a safe, uniform initial operational check, the 
following procedure is recommended: 

1. Motor engine at cranking speed until all pressure is 
observed. 

2. Operate engine for 10 minutes at low idle. 

3. Operate engine for 15 minutes at half·load and 3/4 
rated engine speed. 

4. Operate engine for 30 minutes at rated load and 
speed. 

Service Tools 

Puller Assembly (2 Or 3 Arm) 

Two or three arm pullers assemblies can be used to 
remove gears, bearing cages, hubs, bearings, shafts, 
etc . 

Gnrllnr 



Push Pullers 

Push Pullers can be used to remove pulleys, gears, 
shafts, etc., and can be used in a variety of pulling 
combinations. 

Bearing Pulling Attachment 

Bearing Pulling Attachments can be used w ith forcing 
bolts, to remove shafts, bearings, gears, etc. They can 
be used with Push Pullers to provide a variety of pulling 
combinations. 

Bearing Cup Pulling Attachment 

Bearing Cup Pulling Attachments are used to remove 
bearing races or cups, sleeve· type bearings, bearings, 
seats, etc. and can be used with Push Pullers 

Rules For Use Of Tools 

Rule 1: Always use safe Tools. 

Rule 2: Keep tools in safe working condition. 

Rule 3: Use the correct tool for the job. 

Rule 4: Common sense with tools pays off. 

Pressing Parts 

When pressing one part into another, use 5P3931 Anti­
Seize Compound or a molybdenum disulf ide base 
compound to lubricate the mating surfaces. 

Assemble tapered parts dry. Before assembling parts 
with tapered splines, be sure the splines are clean, dry 
and free from burrs. Position the parts together by 
hand to mesh the splines before applying pressure. 

If parts which are fitted together with tapered splines 
are not tight, inspect the tapered splines and discard if 
worn. 

5-4 

Bolts And Bolt Torque 

A bolt which is too long may "bottom" before the head 
is tight against the part it is to hold. The threads can be 
damaged when a "long" bolt IS removed . 

If a bolt IS too short, there may not be enough tbreads 
engaged to hold the part securely. 

Apply proper torque values to all bolts and nuts when 
assembling Caterpillar Equipment. When a specific 
torque value is required, the value is listed in the 
Specifications SecMn of this Service Manual. Tighten 
all other bolts and nuts for general usage, hydraulic 
valve bodies, or taperlock studs to the torque values 
given in the torque charts shown in this Service 
Manual. 

NOTE: Take care to avoid mixing metric and inch 
fas teners. Mismatched or incorrect fasteners can result 
in mechanical damage or malfunction, or possible 
personal injury. Original fasteners removed during 
disassembly should be saved for assembly when 
possible. If new ones are required, caution must be 
taken to replace with one that is of same part number 
and grade. 

Metric thread fasteners are identified by material 
strength (grade) numbers on bolt heads and nuts. 
Numbers on bolts will be 8.8, 10.9, etc. Numbers on 
nuts will be 8, 10, etc. 

T-T-T Procedure 

A torque-turn-tighten (T-T-T) procedure is used in many 
specifications and instructions. 

1_ Clean the bolt and nut threads. 

2. Put lubrication of the threads and the seat face of 
the bolt and nul. 

3. Turn the bolt or the nut tight according to the torque 
specification . 

4. Put a location mark on the part and on the bolt 
head or nut. 

5_ Turn the bolt or the nut tighter the amount of 
degrees according to the specifications 

Generallnslructions (0 & A) 
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reference if a mark can not be put on. 
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Torque Wrench Extension 

When a torque wrench extension IS used with a torque 
wrench the torque indication on the torque wrench will 
be less than the real torque 
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I I I 

~ 3 C II} t:wE IND~AT2 
G 0 

L REAl TOAOUE (AT) 

.....,., 

(E) Torque wrench dn~e axis-t~torque wrench extension drive 
axis. tW) Mark on handle-lG-tOfque wrench drive aKIS 

1. Put a mark on the handle. Measure the handle from 
the mark to the axis of the torque wrench drive (W) 

2. Measure tile torque wrench extension from the 
torque wrench drive to the axis of the torque wrench 
extenSion drive (El· 

3. To get correct torque IndicatIOn (TI) when the real 
torque (RT) IS known 

TI = RT ][ W 
W + E 

Example W ~ 304.8 mm (12 in); E = 65.0 mm (2.56 
in): AT (from specifications) - 17 Nom ( 12S lb II) 

_ (170 x 304.8) 
TI - (304.8 + 65.0) or ( 140 Nom) 

TI = 125 x 12 or I031b ft 
12+2.56 

4. Hold the lorque wrench handle with the 10r"IQest 
finger of the hand over the mark on the handle to 
get the real torque (AT) With low torque indication 
(TI) on the torque wrench 

General Instructions (0 & A) 



Locks 

Flat metal locks must be installed properly to be 
ellectlve. Bend one end of the lock around the edge of 
the part. Bend the other end against ooe flat surface of 
the nut of bol t head. 

Always install new locks in components which house 
moving parts. 

If lockwashers are installed on housings made of 
aluminum, use a flat washer between the lockwasher 
and the housing. 

r r B 
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Lines And Wires 

When removing or disconnecting a group of lines or 
wires, tag each one to assure proper assembly. 

Lubrication 

Where applicable, fill the compartments of the 
components serviced with the amount , type and grade 
of lubricant recommended In the Operation 
Maintenance Manual 

Rust Preventive Compound 

Clean the rust preventive compound from all machined 
surfaces of new parts before installing the part. 

Shims 

When shims are removed, tie them together and 
identify them as to location. Keep shims clean and flat 
until they are reinstalled. 

Bearings 

Antj·Friction Bearings 

When an anti-friction bearing is removed, cover it to 
keep out dirt and abrasives. Wash the bearings in 
nonflammable cleaning solution and allow them to 
drain dry The bearings may be dried WIth compressed 
air, bul DO NOT SP1N THE BEARING. 

Discard the bearings If the races and balls or rollers are 
PItied, scored or burned. IIlhe bearing is sePJlceable, 
coat it with 011 and wrap It in c lean paper. DO NOT 
unwrap new bearings unlil i lme of installation. 

The hie 01 an anh-frict lon bearing Wilt be shortened If 
not property lubricated. 

Double Row, Tapered Roller 

Double row, tapered roller bearings are preciSion fil 
dUring manufacture and the components are not 
interchangeable. The cups. cones and spacers are 
usually etChed with the same serial number and letter 
designator. If no leiter deSignators are found, wire the 
components together to assure correct installation . 
Reusable beaflng components should be Installed In 
their original positions 



Heating Bearings 

Bearings which require expansion for installation should 
be heated In all not to exceed 121 0 C (2500 F). When 
more than one part IS heated to aid in assembly, they 
must be allowed to cool and then pressed together 
again. Parts often separate as they cool and shrink 

Installation 

Lubricate new or used bearings before installation. 
Bearings that are to be preloaded must have a film of 
oil over the entire assembly to obtain accurate 
preloadlng When Installing a bearing. spacer or 
washer against a shoulder on a shaft, be sure the 
chamfered side is toward the shoulder 

INCORRECT 

CORRE CT 

When pressing bearings into a retainer or bore, apply 
pressure to the outer race If the bearing IS pressed on 
the shaft , apply pressure on the inner race. 

Preload 

Preload IS an InHlal force placed 0f1 the bearing atlhe 
time of assembly. 

Determine preload or end clearance form the 
Specifications Section of thiS Service Manual. Care 
should be exercised in applying preload. Misapplication 
of preload to bearings reqUIring end clearance can 
result in beafing failure. 

Sleeve Bearings 

00 NOT INSTALL SLEEVE BEARINGS WITH A 
HAMMER. Use a press, If poSSible and apply the 
pressure directly in line with the bore. If It IS necessary 
to drive on a bearing, use a driver or a bar with a 
smooth flat end. If a sleeve bearing has an oil hole, 
align it with the oil hole In the mating part 

Gaskets 

Be sure the holes In the gaskets correspond with the 
lubricant passages in the mating parts. If It IS 
necessary to make gaskets, select stock of the proper 
type and thickness. Be sure to cut holes properly. 
Blank gaskets can cause serious damage. 

Batteries 

Clean battenes by scrubbing with a solution of baking 
soda and water. Rinse with clear water. After cleaning, 
dry thoroughly and coat terminals and connections 
with anti· corrosion compound or grease. 

If an engine is not to be used for a long period of time, 
remove the batteries. Store them in a cool, dry place. A 
small charge should be introduced periodically to keep 
the specific gravity rating at the recommended level. 

Seals (Lip-Type) 

Generally the toe or sprlng·loaded lip of an oil seal 
faces the oil being sealed or the all haVing the hlQher 
pressure. The toe or lip of a grease seal faces away 
from the lubricant being sealed. Unless otherwise 
specified, use the preceding rules for Installing lip· type 
seals. 

~
S[Al I ..c mM[NT 

{ "'~~~~"~'~m~"~~~~~~w~ ". 
S ><AFl CO~UCT EDGE 

U,M $ u .. F'CE 

G.,nc .. S""'NG G/tOOvc 

60-.0 ."EA ::;~~---C.SE 

The main paris of a hp type seal are the case, sealing 
element, and the garter spring. The Illustration shows 
the construction of a simple lip· type seal. The cross 
section shows the terms "heel" and "toe" used to 
Identify the sides of various types of seals. 
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Lubricate the lips of lip-type seals before installation. 
Use the same type of lubricant which the seal will be 
operating. 00 Not use grease on any seal except a 
grease seal. 

If during installation. the seal lip must pass ovef a shaft 
that has splines, a keY'N8Y. rough surface or a sharp 
edge. the lip can easily be damaged. Shim stock or 
other such material can be formed around the area to 
provide a smooth surface over which to slide the seal. 

Seals (Hydrodynamic) 

The hydrodynamic seal is different from the lip-type 
seal. The difference is the hydrodynamic grooves in the 
seating lip of this seal. These grooves move lubrication 
oil back into the engine crankcase as the crankshaft 
turns. Because of this seal lip design, the front seal for 
an engine is different from the rear seal. The installed 
position of the seal lip is important because the seal 
grooves are sensitive to the direction of crankshaft 
rotation. Each seal is marked with an arrow to show the 
direction 01 engine rotation. If the seal is not installed 
correctly, oil in the crankcase will actually be removed. 
Special handling and installation procedures are given 
in Special Instruction, Form No. SMHS8508 

JJl 

Conversion Chart (Inches To MM) 

inches mm inches mm 
n .016 0.40 H .516 13.10 

n .031 0.79 B·. ...... . 531 13.49 
n . .0<07 1.19 /l .547 13.89 

'" .062 '.59 I, .561 14.29 
h .078 1.98 Ii .578 14.68 

n .094 2.38 !! .59' 15.08 
. "Xl 2.54 .600 15.24 

I, . '''' 2.78 H. .600 15.48 

'. .125 3. 18 'I. .625 15.88 
,~ .141 3.57 II .841 16.21 

n .,,. 3.97 B .. 656 16.61 
/I .172 4.37 Ii .672 17.01 

n ,188 4.76 tl . .... 688 17.46 
/I .203 5.16 U .103 17.86 

" .219 5.56 II .719 18.26 
/I .234 5.95 /l .7" 18.65 

'I. . 250 6.35 'I • .750 19.05 
H .266 8.75 II .756 19.45 

,\ ,281 7.1 4 l! .781 19.84 
/I .297 7.54 l! .797 2024 

'" . 312 7.94 H . 212 20.64 
II .328 8.33 l! 228 21.03 

l! .". 8.73 l! .... 21.43 
II .3f<I 9.13 II 259 21.83 

'I. .375 ' .53 '. .815 22.23 
II .39 ' ' .92 II ... , 22.62 

.400 10. 16 .900 22.88 
II .,06 10.32 l! .906 23.02 

/l .. " 10.72 !! .922 23.42 , 
.,38 11.1 1 II .• 38 23.81 n 

II .453 11 .5 1 H .953 24.21 .. 
II .'69 11.91 l! .... 24.61 

l! ..... 12.30 II .98' 25.00 
'f> .500 12.10 UXlO 25.40 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

DISASSEMBLY AND ASSEMBLY (Section 6) 

Ail Inlet Manifold .n 
Automatic Timing Advance . 

.................. 6-2 
6-102 

Camshaft Bearings __ ... ___ 6-109 
Camshaft and Gears .. ................ . .................. 6-100 
Check Valve and Bypass Valve ... . .............. 647 
Connecting Rod Bearings. . ................................. 6-72 
Crankcase Ventilator Valve ............... ............... 6-66 
Crankcase Ventilator Valve, Disassemble & Assemble. 6-67 
Crankshaft Front Seal ...... ................ 6-111 
Crankshaft Main Bearings .................. 6-85 
Crankshaft and Gear .......•. " ....•....... " ...•..•.... 6-106 
Crankshaft Pulley................... .... ............... 6-92 
Crankshaft Rear Seal and Wear Sleeve. __ 6-105 
Cylinder Heads .,," , ..•.•....•. "." .•.... "" ..... " ................ 6-79 
C)'1inder Heads. Disassemble & Assemble ............................. 6-81 

Engine Oil Cooler and Oil Filter Base ................ . 
Engine Oil CooIef and Oil Filter Base, Disassemble & 

Assemble ................ . 
Engine Sound Suppression. . . ........... . 
Exhaust Manifold 

Aywheel ............ . 
Flywheej Housing ...................... . 
Fuel Filter and Base ......................................................... . 
FuellnjecliOn Lines ........ . 
Fuel Injection Nozzles (9N3979 & 1W5829) ...... 
Fuel Injection Nozzles. Disassemble & Assemble (9N3979 

& lW5829) .... ...... ......... .... .. ..................... . 
Fuelln~tion Nozzles (7000 Series) .............................. . 
Fuel Injection Pump Housing. Disassemble & 

Assemble. ...... .. ................. . 
Fuel Injection Pumps. 
Fuel Injection Pumps. Disassemble & Assemble ................... . 
FuellnjecliOn Pump Housing and Governor .... 

6-6, 

6-63 
6-110 
6-6. 

6-104 
6-104 
6-27 
6-28 
6-72 

6-73 
6-77 

6-41 
6-51 
6-53 
6-29 

Fuel InJection Pump Housing and Governor. SeparatiOn & 
Connectioo ....................... .. ............... . 

Fuel Ratio Control ......... .. .................... .. 
Fuel Ratio Control. Disassemble & Assemble ..................... . 
Fuel Transfer Pump ..................................................... . 

Ufters (With Rollers) ........................................................... . 
Ufters .................................... .. 

Rocker Shafts and Push Rods .......... . 
Rocker Shafts. Disassemble & Assemble ............................. . 

Oil Pan .............. . 

6-32 
6-45 
6-45 
6·54 

6-84 
6·84 

6-70 
6-70 

6-5 
Oil Pan (Rear SUmp) .. . .................... .......................... 6-t) 
Oil Pump and Relief Valve 

Pistons ............... . ................... . 
Pistons, Disassemble & Assemble ... 

Shutoff Hou~ng ............................ . 
Starter ... 

6-'7 

6-88 
6-90 

6-4. 
6-1 10 

Timing Gear Cover and Oil Pump ........ ............ .......... 6-93 
Turbocharger ... .. ................................ 6-7 
Turbocharger (Schwitzer). Disassemble & Assemble. 6- to 
Turbocharger ..... ............................................... 6-17 
Turbocharger (AiResearch), Disassemble & 

Assemble.. . . ..................................... . 

Valve Covers 

Water Pump. 
Water Pump. Disassemble & Assemble .. 
Water Separator ...... . 
Water Temperature Regulator ................... .. 

6-19 

6-53 

6-58 
6-58 .... 
6-26 

tJ::,.WARNING 

DISCONNECT BATTERIES 
BEFORE PERFORMANCE 
OF ANY SERVICE WORK. 



3208 TRUCK ENGINE 

AIR INLET MANIFOLD 

REMOVE AIR INLET MANIFOLD 1058-11 

I. Loosen clamps ( I) and (3). Disconnect the 
hoses. 

2. Remove bolts (2) and elbow (4). 

3. Loosen clamps (8) and the n slide the hose on to 
the turbocha rger. 

4. Disconnect hose (9) from the manifold. 

5. Remove fuel line (7) from the fuel ratio control. 

6. Remove bolts (5). Loosen bolt (10) . 

NOTE: NOTE: Manifo ld (6) has an open ing (slot) 
in it for bolt (10). 

7. Remove manirold (6) and its gaskets. 

INSTALL AIR INLET MANIFOLO 1058-12 

I. Put gaskets (3) and man ifold ( I ) in position 
and install the bolls that hold it. 

2. Put hose (2) in position and tighten the clamps. 

3. Install fuel line (4) on the fue l ratio control. Con­
nect bose (5) to the manifold. 

4. Put elbow (6) in position on the man ifold and 
insta ll the bolts that ho ld it. 

5. Connect crankcase vent ilator hoses (8 ) to the 
elbow and lighten the hose clamps. 

6. Connect hose (7) to the ma ni fold and tighten 
the hose clamp. 

DISASSEMBLY AND ASSEMBLY 

• 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

AIR INLET MANIFOLD (LATER) 

REMOVE AIR INLET 
MANIFOLD 

start b): 
a) remo\.e turbocharger 

1058-11 

I. Looscn clamps (I) and (2). Di!)conncct the 
hoscs (3) from the manifold. 

2. Remo\e sc\cn bolts (6). Loosen onc bolt 
(manifold has an opelllng [slot] in It for this 
bolt). 

3. Disconnect fuel line (5). 

4. Rcmo\c air inlet manifold (4) and it .. gaskets. 

INSTALL AIR INLET 
MANIFOLD 1058-12 

Put the air mlct manifold ( 1) in pO"ltion on 
cylinder block and imtallthc SC\CIl huh .. that 
hold the manifold 1Il place. Tighten the one 
bolt (one 1Il manifold slot). 

2. Conncct the fud lim: (3) to the manIfold. 

3 Connect hmes (4) to thc manifold and tig ht en 
clamps (2)_ 

end by: 
a} in .. tallturbochargcr 



3208 TRUCK ENGINE 

WATER SEPARATOR 
REMOVE WATER SEPARATOR 1263-11 

NonCE 
Element (2) is Iree to lall when clamp (1) is 
released. 

I. Remove clamp (I) and elemenl (2). 

2. Disconnect line (4) from the water separator 
base. 

J. Remove the two nu ts and water separator base 
(3) 

4. Remove three bolts (6), bracket (5) and spacers. 

INSTALL WATER SEPARATOR 1263-12 
I. Put bracket (1) and three spacers in position. 

Install the three bolts. Tighten the bolts tn (I tor­
que of 14 ± 3 N -m (10 ± 2 lb. ft.). 

2. Put base (2) in position and install the nuts. 

3. Connect line (3) to the base. 

4. Put ele ment (4) in pos ition and instal l clamp (5). 
NOTE: Make sure clamp (5) is tight because element 
(4) is free to fall. 

. -..-, 

B CAT 
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3208 TRUCK ENGINE 

OIL PAN 

REMOVE OIL PAN 1302-11 

1. Drain the oil from the engine. 

2. Remove four bolt .. (1) and sound suppression (2) 
from the oil pan. 

3. Remove four brackets (3). 

4. Remove bolts (4) , oil pan (5) and the ga~ket . 

INSTALL OIL PAN 1302-12 

I. Inspect the oil pHil ga ~kc l. 1 nstall a new gasket if 
needed. 

2. Put bracketi-. (1) and oi l pan (2) in thlsition. 

3. Install the bolts that hold the pan in place. 
Tighten the bolts to a torque of23 ± 4 N-m (17 ± 
J lb. ft.). 

4. Put sound supprc!o;!o;iUll (3 ) in position and insta ll 
the bolts that hold il. 

5. Fill the engine with oil to the correct level. 

, 
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DISASSEMBLY AND ASSEMBLY 
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3208 TRUCK ENGINE 

REMOVE OIL PAN 
(REAR SUMP) 

OIL PAN (REAR SUMP) 

1302-11 

I. Put the engine on a suitable engine stand 

2. Drain the oil from the engine. 

3. Remove bo lts (I ) and then remove oil pan (2) 
and gasket. Make an inspect ion of the gasket. 

INSTALL OIL PAN 
(REAR SUMP) 

I. Install a new gasket if necessary. 

1302-12 

2. Put gasket and oil pan (I) in position on the 
engine block and install the bolts that hold it. 
Tighten the bolts to a torque of23 ± 4 N ·m (17 ± 
J Ih.fl.). 

3. Fill the engine wit h OIl to the correct level. 
See MAINTENANCE GUIDE. 

DISASSEMBLY AND ASSEMBLY 

• 

• 
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3208 TRUCK ENGINE 

TURBOCHARGER 
REMOVE TURBOCHARGER 1052-11 

I. Loosen two cJamp~ (I) and (3) and disconnec t 
hoses (2) from the inlet manifold. 

2, Loosen damp (5), 

3. Remove three bolts (4) and elbow (6) from the 
turbocharger . 

4. Loo<;en clamp (7) on the inlet manifold hose. 

5. Loosen clamp (8) and slide it on to the turbo­
charBcr. 

6. Loosen bolts and nuts (9) and slide tubes (10) 
into the ex.haust manifold flanges to get clearance 
for the remnval of the turbocharger. 

DISASSEMBLY AND ASSEMBLY 



3208 TRUCK ENGINE 

TURBOCHARGER 
7. Remove two bolts (12) and turbocharge r (lJ). 

8. Remove two O-ring seals (14). 

9. Remove three bolrs (13) and mounting bracket 
CIS). 

10. Re move the two a -ring seals from the cylinder 
block. 

INSTALL TURBOCHARGER 1052-12 

1. Inspect all a -ring seals for wear or damage. Put a 
small amount of oil on the a-ring seals. 

2. Put a-ring seals (1) and (3) in position. 

3. Install mounting bracket (2) and !.he bolts that 
hold it in place. 

4 . Put turbocharger (4) in position and install the 
bolts. 

6-8 

DISASSEMBLY AND ASSEMBLY 
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3208 TRUCK ENGINE 

TURBOCHARGER 
5. Put tuhe (7) in posit ion and install clamps (5). 

6. Put 5P3931 An[i·Seize on the threads of bolts 
(6). Install bolts (6) and the nut s. 

7. Put damp (8) in position and tighten it. 

8. Put elbow (9) in posit ion and install the bo1t :-.. 

9. Tigh ten cJamp (JO). 

10. Put hoses (1 2) in position and t ighten cla mps 
( I I), 

DISASSEMBLY AND ASSEMBLY 



3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

TURBOCHARGER (SCHWITZER 4TF555) 

DISASSEMBLE TURBOCHARGER 
(SCHWITZER 4TF555) 

Tools Needed A 

956343 Fixture Assembly 

lP1862 Snap Ring Pliers 

1 P1863 Snap Ring Pliers 

start by: 
a) remove turbocharger 

B c 

L Make a mark on compressor housing ( I), car­
trid ge assembly (3) and turbine housing for cor­
rect installation. 

2. Loosen clamp assemblies (2). Remove compres­
sor housing (1) and cartridge assembly (3 ) from 
the turbine housi ng. 

3. Put the cartridge assembly in tooling (A). 

NOTICE 
When nut (5) is loosened, do not put a side force 
on the shaft. 

4. Remove nut (5) and O-ring seal (6). 

5. Put the cartridge assembly in a press. Remove 
the shaft assembly from compressor wheel (7 ) 
and cartridge (8). 

6. Remove seal ring (10) and shroud (II) from shaft 
assembly (9). 

61719'X1 

Bll ' 96X' 

P17396Xl 
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• 



3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

TURBOCHARGER (SCHWITZER 4TF555) 

• 7. Use tooling (8) 10 remove snap ri ng (12). 

• 

NOTICE 
00 not cause damage to insert (13) when it is 
removed . 

8. Install sc rewdrivers as shown. Carefully lift in­
$Ct1 (13) OUI of Ihe cartridge assembly. 

9. Remove sleeve (14) and O-ring seal (\5) from 
the insert. 

10. Remove two seal rings (\6) from the sleeve. 

BI7391Xl 

15 

817399Xl 

817400Xl 



32{)8 TRUCK ENGINE 
DISASSEMBLY AND ASSEMBLY 

TURBOCHARGER (SCHWITZER 4TF555) 

11. Remove deflector (17) from the cartridge assem­
bly. 

12. Remove ring (18). 

13. Remove sleeve (19) from the cartridge assem­
bly. 

NOTE: Make an idcmification of the position of bear­
ing (20) for assembly purposes. 

14 . Remove bearing (20) from the cartridge assem­
bly. 

15. Remove ring (21). 

817405X1 

n- 12 

817.oa1XI 

B11~X I 
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• 
3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

TURBOCHARGER (SCHWITZER 4TF555) 

16. Use tooling (C) to remove snap ring (23). Re­
move sleeve (22) and the lower snap ring. 

17. Turn the cartridge housing over. Remove snap 
ring (26) with tooling (C). 

18. Remove bearing (25), sleeve (24) and the lower 
snap nng. 

ASSEMBLE TURBOCHARGER 
(SCHWITZER 4TF555) 

Tools Needed A 

lPl863 Snap Ring Pliers 

lP18S2 Snap Ring Pliers 

852328 Dial Test Indicator 
Group 

956343 Filcture Assembly 

B C 0 

NOTE: Make sure all of the oil passages in the turbo­
charger cartridge housing are clean and free of dirt and 
foreign material. Put clean engine oil on all parts of the 
cartridge assembly. 

I. Install snap ring (4) with tooling (A) in cartridge 
housing (I). 

2. Put sleeve (3) and bearing (2) in JXlsition. Install 
snap ring (5) with tooling (A). 

J. Turn the cartridge housing over. Install !'onap ring 
(8) with tooling CAl. 

4. Instal l sleeve (6) and snap ring (7). 

J 

, 7 

CD 0 B17411Xl 
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3208 TRUCK ENGINE 
DISASSEMBLY AND ASSEMBLY 

TURBOCHARGER (SCHWITZER 4TF555) 
5. Put ring (10) in position in the cartridge housing. 

6. Install bearing (9) with grooved side up. 

NOTE: Make an alignment of the dowel in the housing 
with the hole on the right side of the notch. 

7. Put sleeve (12) in posit ion. Install ring (1 I). 

8. Put dencctor (13) in position as shown. 

9. Put two seal rings (15) in position on sleeve (14). 

10. Put a-ring seal (17) in position on insen (16). 

,I. Install sleeve (14) in insen (16). 

12. Install insert assembly (18) with the flange down 
in the cartridge housing. 

al1<419XI 

6-14 

B17413Xl 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

TURBOCHARGER (SCHWITZER 4TF555) 

• 13. Put O-ring seal (20) in po~ition . 

• 

14. Install !:onap ri ng (19) with tooling (B ). 

15. Pul shafl assembly (22) in tooling (D). 
NOTE: Put 6V2055 I-l igh Vacuum Grease in the 
g roove for seal ring (23) at assembly to one half or 
more of the depth of the groove a ll the way around 
the groove. 

16. Put seal ring (23) in po~ition on the shaft assem­
bly. 

17. In!:. lall :-.hroud (21) o n the shaft assembly (22). 

18. Ligh tly oil the wheel face that will be under the 
nut. Put compressor wheel (24) in position. 

NOTICE 
Do not put a side force on the shaft when the nut 
is tightened. 

19. Install the nut and tighten the nut to a to rque of 
28 ± 3 Nom (22 ± 2 Ib.n.). 

20. Remove the nut. App ly 9S3265 Retaining Co m­
pound to the shaft thrcad ~. 

NOTICE 
00 not put a side force on the shaft when the nut 
is tightened . 

2 1. Install the nut and tighten it to a torque of28 ± 3 
Nom (22 ± 2 Ib.n. ). 

22 . Put the cartridge assembly in a vise. Use tooling 
(C) to check end play. T he end play must be 0.08 
to 0.15 mm (.003 to .006 in.). 

23. Put the canridge assembly in posit ion on com­
prc<;<;or housi ng (27). 

24. Put clamp assembli es (26) and turbine housing 
(25) in po~ition. 

25. T ighten clamp assemblies (26) 10 a torque of 13.6 
N om ( 120 lb. in.). 

, ~ 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

TURBOCHARGER (SWITZER 4TF555) 

• 

• 
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3208 TRUCK ENGINE 

TURBOCHARGER 

REMOVE TURBOCHARGER 1052-11 

I. Loosen ho~e clamp!o. ( I) on the inlet manifold. 

2. Loosen clillllP" (2) and "Iide them back on 
tubes (3) . 

3. Remove two bolts (5) and then re move the 
turbocharger (4) from the engine block and 
in let ma ni fo ld . 

4. Remove the two O-ring sea ls (6) fro m the 
engi ne block. 

/ 

DISASSEMBLY AND ASSEMBLY 



3208 TRUCK ENGINE 

TURBOCHARGER 
INSTALL TURBOCHARGER 1052-12 

I. Inspect all O-ring seals fo r wear or damage. 
Put II sma ll amount of oil on the O-ring seals. 

2. Put O-ring ~cals (I) in posit ion in the engine 
block. 

3. Put turbocharger (2) in position on the engi ne 
block and insta lllhe tw o bolts (4) that hold it. 

4. Tighten hose clamps (3) on the in let mani­
fold. 

5. Put clamps (5) in positiu n and tig hten them. 

/ 

, 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

TURBOCHARGER (AIR RESEARCH TM) 

DISASSEMBLE TURBOCHARGER 1052-15 

Tools N~'!'d~'~d,-_ ___ A,,---,B c 
956343 

lP I863 

559566 

F'XlUre Assembly 

Snap R,ngPllers 

T-Wrench 

~li\rt by: 
il) fI.:IIH)\C turbocharger 

I. 'v1akc a mark on comp ressor housing ( I). 
ca rt ridge H~~cmbly (3) and the turbine hou..,­
ing (4) for correct i n ~ ta llation. 

2. Loosen clamp assembly (2). Remove com­
pre:.~or hOll~ing (I) and cartridge as~cmbly 
(3) f,om the turbine housing. 

J. Remove bolt~ (6) and plates (5) Ihat hold 
cartlidge a~~cmbly In t he comp ressor hous­
ing. Relllove ca rtridge a,,~cmbly (:1). 

4. Remo\e O-n ng seal (7) from the cartrid ge 
a~:.el1l hl) . 

5. Put cartridge assembly (3) In position in 
loollng (Al and loosen nul on Ihe comp ressor 
\\hccl wilh looling (e). 

, 

1I&.lOII7X' 



3208 TRUCK ENGINE DtSASSEMBL V AND ASSEMBLY 

TURBOCHARGER (AIR RESEARCH TM) 

6. Remove nut (8) and the compressor wheel (9). 

7. Remove shaft and wheel assem bly (10) from 
the cartridge assemb ly. 

8. Remove shroud ( I I) from the ca rtridge as­
sembly. 

9. Remove four bolts (12) and then re mO\,e 
backphllc (I J) from (he cartridge assem bl y. 

BS.:1091X l 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

TURBOCHARGER (AIR RESEARCH TM) 

10. Remove- ~p<lcC"r ( 14) from the hack plate. 

11. Remove twO se.ll nng~ (15) fro m the spacer. 

12. Remm e ~Ilap ring ( 16) from cartridge hOll .... • 
ing \\llh 10(1\ (B). 

Ll Remm e hearing (17) and nng:-. from the- cU'· 

Iridge hou!'.int;. 

14 

15 

• 

8(3089)( 1 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

TURBOCHARGER (AIR RESEARCH TM) 
14. Remove snap ring ( 18) from cartridge hous. 

ing with tool (8). 

15. T urn the ca rt ridge housing over and the n 
remove screws (20). plate (21) and collar (19). 

16. Remove bearing (22) from the cartridge 
housi ng. 

17. Remove snap ring (23) from the ca rt ridge 
housing wit h 1001 (B). ""'"'Xl 

• 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

TURBOCHARGER (AIR RESEARCH TM) 

ASSEMBLE TURBOCHARGER 1052-16 

l Pl 863 

956343 

852328 

ToOlS Needed 

Snap Ang PI en:. 

FIxture Assembly 

Indicator Group 

A B c 

\0 I L: Ma" e sure a ll o f the o il pa ""agc~ in the 
turboch a rge r cart ndge ho using arc clean a nd free 
of d in a nd fu n:ign materia l. Put clean engine o il 
on all p;tr ts of \he c(l f lrid ge a~sc l1lbly. 

I. Ins ta ll sna p ring (I) in th e ca rt rid ge hOUSing 
wtth tool (1\) , 

1\ 0 n:: : Make sure t he o il ho le in plale (5) is ope n 
and clea n to p re\'ent a bea ring failure. 

2. Install bearing (2), coll ars (3) , plate (5) and screws 
(4). T ighten the screws to a torque of2.5 N·m (22 
Ih.in.). 

'IOTF: In\l,l1l the r ing .... t hai hold bea TIn gs In pos i­
t ion with t ill: round ed ges of the ring" towa rd the 
bC.:ll"lngs, 

:I h II'll t hc ca rt ridge ho usi ng over. Inst,1l1 s Im p 
ring (6) in the cartt-idgc hOUSi ng With tool (1\ ). 
I n~I<t1 1 bea rin g (7l, ring (Xl and ring (9) in t he 
ho u.., ing. llh ta ll Sll tl P ring ( 10) \\ il h 1001 ( A ). 

\0 Il:. : Put 6\'2055 lIig h Vac uum Grea ..,e in the 
grnme" lor !ocal ring., ( I I ) a t asscmbl~ to o ne hair 
or more or the (k rt h or Ihe groO\c a ll t hc \\<1:'­

a round the groo\e ... . 

4 Im lall ~t.:a l ring~ ( I I ) n n ..,pa ce r ( 12) 

5. In .., ,,,11 "' p,lcc r (1 2 ) In the back pla te. 

853101lX l 
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3208 TRUCK ENGINE DI$A$SEMBl Y AND A$SEMBl Y 

TURBOCHARGER (AIR RESEARCH TM) 

6. Put the backplate (13) in position on the cartridge 
housi ng and install the boiLS that hold it. Tighten 
the bolts to a torque of9.5 N om (841b.in.). 

7. Put the sh roud (14) in position on the car­
tridge hous ing. 

8. Install shaft and wheel assembly (15) in the 
cartridge hous ing. 

9. Put the cartridge assembly III position in 
tooling (8). 

10. Put a small amount of oil on the wheel face 
that wi ll be under the nut. 

I I. Put compressor wheel ( 17) In pos itIon on 
the sha ft. 

NOTICE 
Do not put a side force on the shaft when the nut 
is tightened. 

12. Install nut (16)and t ighten it toa torque of4 N· m 
(35 lb. in .). Tighten the nut 120· more. 

B531001X I 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

TURBOCHARGER (AIR RESEARCH TM) 

13. Put the cartridge assembly in a vise. Use tool 
group (C) to check end play. Tbe end play must be 
0.051 to 0.081 mm (.0020 to .0032 in.). 

14. Pul a ~l11all alllount of oil on O-l'Ing sea l (IX) 
and then in~lHll it on tilt.: cartridge homing. 

15. Put the cartridge IHJ lI~ing on the compressor 
housing (20) and imlHII Ihe plates (21) and 
bolts (19). 

16. Put the turbine housing (22) in position on tbe 
cartridge housing and install the clamp (23) that 
holds it. Tighten the clamp to a torque of 14 ± I 
Nom (120 ± 12 Ih.in.). 

end by: 
a) ir1 ~ta ll l urhocha rgl: r 

c 

" 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

WATER TEMPERATURE REGULATORS 

REMOVE WATER TEMPERATURE 
REGULATORS 1355-11 

I. Remove bolts (1). Remove elbow (2) and gasket 
from timing gear cove r. 

2. Remove water temperature regulators (3) from 
liming gear cover. 

INSTALL WATER TEMPERATURE 
REGULATORS 1355-12 

I . Instal l water temperature regulators (I) in lim ing 
gear cover as shown. 

2. InstaJl gasket (2) and elbow (3) 10 the timing gear 
cover. 

3. Install the bolts. 

• 



3208 TRUCK ENGINE 

FUEL FILTER AND BASE 

• REMOVE FUEL FILTER AND BASE 1262-11 

• 

2P8250 

T 0015 Needed 

Sirap Wrench 

A 

I. Removc fuel fi lter element (5) from fuel filter 
b<l~c (3) wi th tool (A). 

2. Di.-.conncct fucllines (I). (2) and (4) from fuel 
filter ba~e. 

3. Remove two bolts (6) and two nuts and remove 
fucl filh.:r ba'ic from the bracket. 

INSTALL FUEL FILTER AND BASE 1262-12 

T 0015 Needed A 

2PB250 Strap Wrench 

I. In..,tall fuel filtcrbasc (5) and nuts and bolts (2). 

2. Connect fuel lines ( I) , (3) and (4) to fuel filter 
ba~e (5). 

3. Clean filter base surface. Be ~urc old gasket i .. 
removed. 

4. Put clean diescl fucl on the filter gasket. 

5. In ... t'llI fuel filter clement (6) with tool (A). 

6. T ighten If.. to ¥4 turn after filter gasket makes 
conta ct with the basco 

, 

DISASSEMBLY AND ASSEMBLY 
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3208 TRUCK ENGINE 

FUEL INJECTION LINES 

REMOVE FUEL INJECTION LINES 1252-11 
1. Disco nnect lines (I ) and (2). 

2. Remove bolt (3) from the bracket. 

3. Loosen nuts (4) at the cy linder head and the fuel 
injection pump. Remove the fuel lines and install 
caps or plugs on all openings. 

INSTALL FUEL INJECTION LINES 1252-12 

Tools Needed A 
SPI44 Soci<et 

I. Put fue l inject ion lines (l) in position. 

2. Tighten the nuts wit h tooling (A) to a torque of 40 
± 7 N-m (lO ± 5Ih.fl.). 

3. Connect two lines (3) and line (2). 

4. In stall bolt (4) in the bracket. 

DISASSEMBLY AND ASSEMBLY 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING AND GOVERNOR 

REMOVE FUEL INJECTION PUMP 
HOUSING AND GOVERNOR 1286-11 

Tools Ne~"~""",-_ ____ -,,--,,-
3P1544 Timing Pin 

6V4069 Body Group 

~tan by: 
a) remove fud linc~ 
b) remove air inlet manifold 

NOTICE 
Make sure all foreign material is kept out of the 
inlet manifold openings . 

J. Remove fud line~ ( I). (2) and (3) from the 
engllle, 

2, Remove bolt (4) , 

J. ln~tal1 tool (A). I urn the cran kshaft clod.· 
\\bl' (as ~ccn from the front of tlte engllle) 
until the timing pin drops into the gromc 
hlot) in the Injection pump camshaft. For 
the correct tim ing procedure. see 1 ES11:'\G 
A~D ADJUSTII'G. FeEL SYSTEM AD­
.II S I M[~IS. 

4. Remo\c nuls (6). the n rcmo\c the tachometer 
cove r (5 J. 

, 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING AND GOVERNOR 

5. Remove tachometer drive shaft (7) and 
was her (8). 

6. Insta ll tooli ng (8) into the camshaft drive 
gear for the fuel injection pu mp. Turn tool­
ing (8) unt il the drive gea r is free of the shaft. 
Rem ove tooling (8). 

7. Remove the plug from the timing hole in the 
fro nt cove r and install a 5/ 16"-[8 NC bolt 
(9) 2- 1/ 2 in. long. Turn the crankshaft (clock­
wise as seen from the front of the engine) 
until bolt (9) can be installed into the ti ming 
gear and is in the center of the timing hole. 

8. Remove two bolts (I J) and fue l injection 
pu mp housing and governor (10) from the 
engine. 

, 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING AND GOVERNOR 

INSTALL FUEL INJECTION PUMP 
HOUSING AND GOVERNOR 1286-12 

Tools Needed A 

3Pl544 

I. Make !>urc O-ring ~cals ( I) and (2) a re 10 
position . 

2. Put fuel injection pump housing a nd governor 
(3) in po~ition and install the bolts thai hold it. 

3. Install the washer (5) and tachometer drive shaft 
(4). Tighten the shaft to a torque of 149 ± 14 N om 
( 110 ± 10 Ib.fL). 

4. Check the timing, sec FUEL SYSTEM AD­
JUSTM EN rs in TESTING AI\'D AD­
JUSTING. 

5. Install the tachometcr cover (6) and the nuts 
(7) tbat hold it in place. 

6. Remove 1001 (A) from the pump and install 
bolt (10). 

7. In\la ll fuel hnes (8). (9). (II) a nd the clips 
that hold them . 

end by: 
a) in!;lall air mlet manifold 
b) install fucl lines 

1fi3.l41Xl 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING AND GOVERNOR 

SEPARATION OF FUEL INJECTION PUMP 
HOUSING FROM GOVERNOR 1264-29 

Tools Needed A B C 0 
2P6315 Bracket Assembly 
lP1855 Snap Ring Pliers 
5P302 e" 
3Pl544 Timing Pin 

start by: 
a) remove fuel injection pump housing and 

governor 

I. Install the fuel injection pump hOlls ing on 
tool (A). 

2. Remove bolts (I) that hold governor housing 
assembly (2) to the fuel injection pump hous­
mg. 

3. Remove governor housing assemblies (2) and 
gasket. 

4. Remove two springs (5) and (4) and sea t (3). 

5. Remove the spr ings from the seat. 

6. Remove the bolt s from the shaft. 

7. Remove shaft assembly (8). leve r (6) and 
washers (9 ) from housing (7). 

8. Remove seal (10) and bushing (I I) from the 
go\crnor homing. 

824385XI 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING AND GOVERNOR 

9. Rcmo\ic pi~ton a~sembly (12). 

10. Remove sp ring (14) from sca t (13) a nd ~ea l 

( 15). 

t I. Remove >; nap ring (Ig) fro m seat ( 15) wit h 
tooling (8). 

12. Remo\c ring ( 17) and spool (16) from t he 
seat. 

13. RemMe the bolts and cover ( 19). 

14. Remove shaft (21) and le,er (22). 

15. Remon:: O-ri ng ~eal (20) from the shaft. 

16. Remove 1>pnng (23) and riser a~~cmbly (24), 

B1114.6K2 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING AND GOVERNOR 

17. Remove ring (27), races (28) and bearing (26) 
from riser (25). 

18. Remove the bolts, cover (29) and the gasket. 

19. Remove nut (30) and bolt (3 1). 

20. Remove torque spri ng assembly (32). 

2 1. Remove sh im (36), insulators (33) and (37), 
and contact (35) from bar (34). 

22. Remove the stop assembly if necessary. 

23. Remove rod (38). 

3J 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING AND GOVERNOR 

24. Rcmove lockring (39) (lnd the lever. 

NOTICE 
Pull on the shield only a small amount in each 
location so It will not have distortion or damage. 
The metal 01 the shield is moved (staked) 
around the camshaft and the shield can be dam­
aged when it is removed. If the shield has dam­
age, use a new Dart for replacement. 

25. Remo ve shield (40) from the camshaft with 
tooling (e). 

26. Inst,lll tooling (D) into the camshaft. 

27. Remove three bolts (41) and the carner as­
sembly. 

28. Remove do wel (42) from rod (43). Remove 
rod (43). 

29. Rcmove pins (46) and \~cighl (44) from car­
rier (45). 

,"1211X2 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING AND GOVERNOR 

CONNECTION OF FUEL INJECTION PUMP 
HOUSING TO GOVERNOR 1264-29 

Tools Needed A B C 0 
3P1544 Timing Pin 

5P3Ql 0",,", 

lP1855 Snap Ring Pliers 

lP51Q Driver Group 

1. Put weights (2) in position and install pins (I) 
into carrier (3). 

2. Put shaft (4) in position. Install dowel (5) in the 
shaft. 

3. Make an a lignment of dowel (5) with the 
groove (slot) in the car rier. 

4. Install tooling (A) in Ihe camshaft. 

5. Put carrier assembly (6) in posit ion and install 
the bolts. Tighten tbe bolts to a torque of 10.2 ± 
1.1 N om (90 ± 10 Ib.in.). 

6. Put shield (7) in position. 

6-36 

817162Xl 

• 



• 

• 

3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING AND GOVERNOR 

7. Install the shield wit h tooling (B). Move the 
metal over on (!:.Iakc) the shield on to the cam­
!:.haft in alignment with the groove on the cam­
shaft. Use an 1/8" screwdriver with a taper 
grou nd on the bollom edge so the screwdriver fib 
evenly agaiml the flyweight assembly cover to 
stake it in two place!:. J 80° :t 5" apart. 

8. Put lever (8) in position and in~tail lockr ing (9). 

9. Install pin (10). 

10. Put contact (13), insul ators (II) and (14) and 
sh im (I5) in position on bar (12). 

II. Inslall torque !:.pring assembly (16). Install the 
nul and bolt . 

,-

• 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING AND GOVERNOR 

12. PUt the gasket in position and install cover (17 ) 
and (he bo lts. 

13. Put race (18), bearing (19), race (20) and ring 
(22) on riser (21). 

14. Install riser assembly (23) and spring (24). 

15. Put lever (25) in position. Make an alignment of 
the bolt socket in the housing with the ball on the 
lever. Also, make an al ignment ofthe lever with 
the riser assembly. 

16. Insta ll O-ring seal (26) on shaft (27) . 

17. Install shaft (27). 

B17141X2 ' 

1J17100Xl 

S17161Xl 

• 

• 



• 

• 

3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING AND GOVERNOR 

l~. Put g;:\s ket (29) in position. Install cover (28) 
and the bo lts. 

19. Pu t !'Ipool (33) and ring (34) in posItion and 
in st,l ll sna p ring (35) \\<lt h looling (e) on sea t 
(32). 

20. Imla ll spnng (31) on seab (30) and (32). 

21. Install piston a .. ~embly (36) . 

1\ 0 ·1 [: Ma ke a layer o n Ihe outside diamete r of 
the seal \'vith 551 454 Sealan l before the se<ll i ~ 
imt<lllcd. 

22. Use tooling ( D) to in"itallthe bushi ng a nd seal 
in Ihe gove rn or ho using. Install the "ieal with 
the lip of the seal toward the inside of Ihe 
housing. 

23 . Remove the excc,,~ sealant. Put diesel fuel 
as a lubricant on Ihe lip of the seal. 

~ ... 
B53414Xl • 



3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING AND GOVERNOR 

24. Insta ll shaft assembly (38), washer (37), lever 
(39) and washe< (40). 

25. Install the bolts that hold the lever to the shaft 
assembly. 

26. Insta ll springs (42) and (43) on seat (41). 

NOTICE 
Both springs must make full contact on the seat 
before they are installed in the governor hous­
ing assembly. If the springs do not make full 
contact on the seat, high idle speed will not be 
correct and low idle governor surge can be the 
result. Low Idle setting without stability can also 
be the result. 

27. !nstall seal assembly (44) in the governor hous­
mg. 

28. Put the gasket in position. Install governor hous­
ing assembly (45) on the fue l pu mp housing. 

6-40 

end by: . 
a) make an adjustment ofttle fue l system se tting 

(See FUEL SYSTEM in TESTING AND 
ADJUSTING) 

b) install fuel injection pump housing and gov­
ernor 

c) install inlet manifold 

7 
··~I· 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING 

DISASSEMBLE FUEL INJECTION 
PUMP HOUSING 

Tools Needed 

IP510 Driver Group 

start by: 
a) remove fuel inj ection pumps 

1253-15 

A 

b) sepa ration of governor from fuel injec­
tion pump ho using 

c) remove fuel tra nstc r pum p 

l. l oose n screws (I) in the levers and remove 
!lcre\\ (3) in Ihe cro:-."ovc r Icver. Slide slutft 
assembly (2) Ollt o f the housi ng. 

2. l.oosen .,crew., in leve rs (4) a nd re move the 
"cn:w III cro~~n\'e r lever (5). Slide ~haft (6) 
out of the h ou~ing. 

NO [ 1:::: Put identifica tIOn on lifters (7) and rollers 
(X) tor Inqallation in their respective bo res III the 
hO llsinB· 

3. Use a mag net ( 0 remo\e eight lifter assem­
blies (7). 

4. RCIlHlV!.! rolle r (8) from each lifter <l~scm bl y. 

a3S281K2 

B3B282l<2 
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3208 TRUCK ENGINE OISASSEMBl V AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING 

5. Turn the camshaft so the groo .... e (slot) for 
thc tim ing pin is in the position shown and 
carefully remove camshaft (9). Remove the 
thrust washe r from the ho using. 

6. Remove camshaft rear bearing (10) from the 
fuel pump housing. Be ca reful nOt to damage 
the bearing bore in the housi ng. 

7. Use tool group (A) to remove the camshaft 
front bearing from the fuel pump housing. 

NOTE: Earlier fue l pu mp housings do not have a 
thrust washer for the camshaft. The 6V4068 Tool 
Group can be used to machine the housing so the 
9N5822 Thrust Washer can be used. See SPEC IAL 
INSTRUCTION Fo rm No. SM HS7897 for the 
procedure to machi ne the housing. 

ASSEMBLE FUEL INJECTION 
PUMP HOUSING 

Tools Needed 

1 P510 Driver Group 

5P3516 Roaming Tool Group 

1 P2363 Swivel Joint 

9S1744 Adapter 

5P2169 Master Gauge 

5P2170 0181 Gauge Group 

1253-16 

A B 

NOTE: Pu t clean fuel on a ll parts during assembly. 

I. Use tooli ng (A) to install the camshaft fronl 
bearing III the housing. Insta ll the bearing 
with the chamfer toward the inside of the 
pump housing. 

2. Install the bearing so it is even with the front 
face of the pump housing. 

838281!Xl 
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3208 TRUCK ENGINE DtSASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING 

3. Use tooling (8) to machine the bore in the cam­
shaft front bearing to the correct size. 'See SPE­
CIAL INSTRUCTION Form No. SMH6735 for 
the procedure to machine the new camshaft front 
bearing. The bore in the bearing must be 25.4 13 
± 0.013 mm (1.0005 ± .0005 in .). 

4. Use tooling (A) to install the camshaft rear bear­
ing in the housing. Install the bearing so groove 
(I) in the bearing is in the position shown. On 
earlier pump housings without a thrust washer 
install the bearing into the bore so the outer face 
of the bearing is 0.114 ± 0.025 mm (.0045 ± 
.0010 in.) below face (X) on the housing. On latcr 
pump housings with a thrust washer install the 
bearing into the bore so the outer face of the 
bearing is0.43±O.13 mm(.OI7 ± .005 in.) below 
the countcrborc for the thrust washer. 

5. 1 n ... 1<1 11 thru~t \"a~her (2) in the hou ... ing with 
the car on the thrust washer in the hole in the 
pUl11p ho using so the thrust washer wi ll not 
tUI n. 

6. With the pump houslIlg in a ,enieal position 
as sho\"' n. earcfull~ In ... tall eam .. haft (3). 10 
ma ke ... un: that t he tluu ... t \\asher \"ill be Io;ept 
in il ~ corrcc t installation location. keep the 
pump housing 10 a "cnieal position and 
111:-.lall the fuel tnlmfcr pu mp and cam~halt 
~lee\e. Sec FUFI TRA\,ISFER P UMP I1\"­
S I ALLA II O~ for the procedure to install 
the luel transfer pump and camshaft slee\e. 

IlS2\I1Kl 



3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION PUMP HOUSING 

NOTICE 
If the pump housing is assembled while it is in a 
horizontal poSition, the thrust washer can slide 
out of the counterbore and into the area 
between the camshaft thrust face and the hous­
ing. Then the fuel pump camshaft end play will 
not be correct and it will be necessary to disas­
semble the fuel pump housing so the thrust 
washer can be installed correctly. 

7. Install each roller (4) in their respect ive lifters. 

8. Use a magn et to install lifter assem blies (5) 
in their respec tive bores in the pump hOUSIng 
with the groove in each lifter in alignment 
with the dowel in the lifter bore. 

9. Install shaft (6) in the pump housi ng, then 
th rough one lever (7), then th rough crossover le­
vcr (8), then through tbree levers (7) as shown. 
Install the screw in crossover lever (8). Tighten 
the screw in crossover lever (8). T ighten the screw 
to a torque of2.8 ± 0.2 N · m (24 ± 21b.in.). Do 
not tighten any of the screws in the levers. 

10. Install shaft assembly (9) in the pump housing, 
then through one lever (1 1), then through cross­
over lever (10), then through three levers (11 ) as 
shown. Install the screw in crossover lever ( 10). 
Tighten the screw to a torque of 2.8 ± 0 .2 N· m 
(24 ± 2 Ib.in.). Do not tighten anyof the screws in 
the levers. 

end by: 
a) connec t ion of governor to fuel injection 

pump ho using 
b) ndJusl cros:.ove r leve rs· 
c) insta ll fuel injec t io n pumps 
d) adjust fuel pump calibrat ion· 
e) Insta ll fuel t ran~fer pump 
f) adjust fuel sctting* 
g) adjust high a nd low idle* 

*Sce TEST I NG AND AOJ USTII\'G for these 
procedures. 

B38295X2 
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3208 TRUCK ENGINE 

FUEL RATIO CONTROL 

REMOVE FUEL RATIO CONTROL 1278-11 

I. Remove t\~o bolts ( I ). 

2. Remove fucl ratio control and gasket. 

INSTALL FUEL RATIO CONTROL 1278-12 

I. Pul gaskel (2) in position. 

NOTE: Make an alignment with the lever in the shut­
off housing with the plunger in the fuel ratio control. 
control. 

2. Install fuel ratio control ( \) and the bolts that 
hold it. 

DISASSEMBLE FUEL RATIO CONTROL 1278-15 

start by: 

a) remove fuel ratio control 

I. Remove solenoid (I) from the fuel ratio control. 

2. Remove holts (3) and covers (2 ) and ( 4). Re­
move d ia phragm (II) and piston (17). Remove 
gasket (16) from cove r (4). 

/i:;.WARNING 

Spring force is present. Slowly loosen the two 
bolts to release the force. 

3. Remove two boll s (5), cover (6) and spring 
( 15). 

B24J93XI 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL RATIO CONTROL 

/!:;. WARNING 

Spring force is present. Hold diaphragm as­
sembly in position and remove pin (14). 

4. Remove pin (14) and slowly release the spring 
force. 

5. Remove spr ing (8) and bolt(7) from housing 
( 12) 

6. Remove washer ( 10) <lnd diaphragm (9) from 
retainer ( 13). 

ASSEMBLE FUEL RATIO CONTROL 1278-15 
I. Assemble washer (3), diaphragm (2) and re~ 

tainer ( I ). 

2. Install bolt (4) in housing ( 10). 

3. Install spring (5), diaphragm assembly (11) 
and pin (6) in housing (10). 

4. [nsta 11 spring (22) in cover (7). I nsta ll cover (7) 
on housing (10) wit h the two bolts ( 16) that 
hold it. 

5. Insta ll gasket (13) on cove r (8). Install piston 
(14) to cover (8). Install diaphragm (I5) in 
cover (9). 

6. Pu t covers (8) and (9) in posit ion on cove r (7) 
with the bolts tha t hold them. 

7. Install solenoid (17) on the fuel ratio control. 

end by: 

a) install fuel ratio control 

NOTE: For adjustment of fuel ratio control, see 
TESTING AND ADJUSTING. 

\ ; I.? I; 
, ~ 12 13 ~1S 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

CHECK VALVE AND BYPASS VALVE 

REMOVE CHECK VALVE AND BYPASS 
VALVE 1256-11 

NOTICE 
Before any service work is done on the fuel 
system, the outer surface of the injection pump 
housing must be clean. 

NOTE: Il lustrations show fuel injec tion pump housing 
and governor removed from engine. Ser\' ice work can 
be done with it installed on engine. 

1. Remove three bleed linc!> (2). 

2. Remove bolt~ (1). flange (3) and the gaske t. 

3. Remove flange assembly (4) and gasket (5) . 

4. Remove check valve (6) from the flange assem· 
bly. 

5. Remove bolts (7) and cover (8) . 

6. Remoye spring (9) and bypass valve (10). 

1114400Xl 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

CHECK VALVE AND BYPASS VALVE 

INSTALL CHECK VALVE AND BYPASS 
VALVE 1256-12 

Tools Needed A 

1 PSOO Driver Group 

1. Put bypass valve (2) and spring (I) in position. 

2. Put gasket (4) in position. 

3. Install cover (3) and the bolts. 

4 . Install check valve (5) in the flange. 

5. Put the gasket and flange assembly (8) in posi+ 
tion. 

6. Put gasket (7) and flange (6) in position and 
install the bolts. 

7. Install bleed lines (9). 

624396)(.1 
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3208 TRUCK ENGINE 

SHUTOFF HOUSING 

REMOVE SHUTOFF HOUSING 1259-11 

NOTICE 
Before any service work is done on the fuel 
system, the outer surface of the injec1ion pump 
housing must be clean. 

NOTE: Ill ustrations show fuel injection pump housing 
and governor removed from engine. Service work can 
be done with il in~lalled on engine. 

1. Remove air bleed line~ (2). 

2. Remove bo ltJo. (I). flange (3), the flange assem­
bly ,lIld the gaske tJo.. 

3. Remove thc bolts and the cover. 

4. Remove bolts (5), solenoid (4) and the ga~ket. 

S. Remove two bolts (7) and fuel ratio control (6). 

6. Remove the shutoff hou~i ng from the cover. 

7. Remove the bolts , leve r (10) and shaft (8). 

8. Remove the bolts, lever (9) and shaft (11). 

9. Removc seal (12) from the shutoff housing. 

82"47)(' 
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3208 TRUCK ENGINE 

SHUTOFF HOUSING 

INSTALL SHUTOFF HOUSING 1259-12 

Tools Needed A 

lPSOQ Driver Group 

1. Put 5$ 1454 Sealing Compound on the outside 
diameter of the seal and install the seal ( I) with 
tooling (A) in the shutoff housing with the li p 
toward the outside. The outer face of the seal 
must be 1.0 mm (.039 in.) below the surface of the 
hous ing. Remove the extra sealing compound 
from the housing and the seal after installation. 

2. Put shaft (5) in position in housing (4). 

3. Install lever (6) and the bolts. 

4. Install shaft (2), lever (3) and the bolts. Make an 
alignment of the notch in shaft (2) with lever (3). 

5. Put cover (7) in position on shutoff housing as­
sembly (8) and install the bolts. 

6. Put fuel ratio control (10) in position and install 
the bolts. 

7. Install the gasket, solenoid (9) and bolts on the 
cover. 

8. Put the cover in position and install the bolts. 

9. Install the gasket, flange 
flange (1 1) and the bolts. 

to. Connect air bleed lines (12). 

8271"1(1 
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3208 TRUCK ENGINE 

FUEL INJECTION PUMPS 

• REMOVE FUEL INJECTION PUMPS 1251-11 

852243 
852244 

Tools Needed 

WMoch 

El(lractor 

NOTICE 

A 

Before any service work is done on the fuel 
system, the outer surface of the injection pump 
housing must be clean. 

NOTE: The fuel injection pump housing and governor 
has been removed from the engine for illustration pur· 
poses. 

1. Remove flange (1) and the flange assemb ly from 
the cover. 

2. Remove cover (2) from the pump housing. 

3. Remove the bypass valve (3) and springs from 
the pump housing. 

4 Install tooling (A) on the fuel injection pump and 
loosen the bushing from the pump housing. 

NOTE: Do not loosen screws (4) that hold the levers to 
the shafl when the pumps are removed or installed. If 
the levers arc moved. fuel pump calibration will be 
changed. 

5. Remove the fuel injection pump (5) from the 
pump housing. The sleeve on the plunger will 
slide off the le ver as the pump is removed . 

6. Do Steps4 and 5 for the remainder of the pumps. 

DISASSEMBLY AND ASSEMBLY 



3208 TRUCK ENGINE 

FUEL INJECTION PUMPS 

INSTALL FUEL INJECTION PUMPS 1251 -12 

ToolsNooded A 

852243 Wrench 

852244 Extractor 

1. Turn (he camshafl umil the lifter for the pump to 
be installed is al its lowest position. 

2. Install the fuel injection pump (1) in (he bore of 
the pump housing. 

3. The sleeve (2) will be engaged with the lever 
when (he pump is installed correctly. 

NOTICE 
If the levers have been moved on the shaft, fuel 
pump calibration must be made. (See TESTING 
AND ADJUSTING). 

4. Tighten the bushing with tooling (A) to a torque 
of80 ± 7 Nom (60 ± 5Ib.ft.). 

5. Do Steps 1 through 4 for the remainder of the 
pumps. 

6. Install the bypass valve and spring (3) in the 
pump housing. 

7. Install the cover (5) on the pump housing. Be 
sure the spring (3) is in the bore in the cover. 

8. Install the flange (4) and the flange assembly on 
the cover. 

DISASSEMBLY AND ASSEMBLY 
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3208 TRUCK ENGtNE 

FUEL INJECTION PUMPS 

DISASSEMBLE FUEL INJECTION 
PUMPS 1251-15 

1. Remove bushing (1) and O-ring seal (7) from 
bonnet (2). 

2. Remove ring (3) from the bonnet and barrel (4). 

3. Remove check valve assembly (9) and sprin g (8) 
fro m the bonne!. 

4. Remove spri ng (10) and retainer washer (5). 

NOTICE 
Keep the plunger and sleeve with their respec­
tive barrel for installation. Do not use ptungers, 
sleeves and barrels with other plungers, 
sleeves and barrels. 

5. Remove plunger (II) and sleeve (6). 

ASSEMBLE FUEL INJECTION 
PUMPS 1251-16 

1. In stall the s leeve (4) , plunger (5), spring (2) and 
washer (3) on barrel (I). 

NOTICE 
Be sure the sleeve and plunger are installed in 
their original barrel and the large hole in the 
plunger is up. The sleeve must be installed with 
the thin flange up. 

2. Install the check valve assembly and spring in the 
bonnet. Connect the barrel and bonnet with the 
ring. Install the seal and bushing o n the bonnet. 
end by: 
a) install fuel injection pumps 

DtSASSEMBL Y AND ASSEMBLY 
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3208 DIESEL TRUCK ENGINE 

FUEL TRANSFER PUMP 

REMOVE FUEL TRANSFER PUMP 1256·11 

Tools Needed A B c 
2P8315 Bracket Assembly 

3P 1544 Timing Pin 

'2H374Q Bolt (~ "-16 NF)( 1 % in.) 

'BoIt is modilied toprevent thread damage. To dothis, grind a 2 to 4 
mm /.079 to .157 in.) bevel on the end 01 the bol t. 

sta rt by: 
a) remove fuel inject ion pump hou sing and 

governor 

l. Install the fuel injection pump housing on tool 
(A). 

2. Remove seven bolts (I) and governor housing 
(2). 

NOTE: Later fuel inject ion pump housings have a 
thrust washe r for th e fuel injection pump C}J m~haft 
T he thrust washer is behind the flange fo r the 
flyv.-eights on the camshaft. To ho ld th e thrust 
washer in place governor shaft (3) and the camshaft 
must be held in toward the fuel transfer pump any 
time sleeve (4) is removed. 

3. Remove the plug from the cover and install tool 
(8) in the hole as shown. Turn the injection 
pump camshaft until tool (B) can be pushed 
into the groove (slot) in the camshaft. 

NOTE: Any time the drive sleeve is removed from 
the camshaft a new one must be installed. The cam­
shaft has serrations (splines) that cut g rooves into 
the drive sleeve when it is installed to give a positive 
drive connection. If a formerly used drive sleeve is 
installed again it can slip (s lide around) on the cam­
shaft. 

4. Install tool (e) in the threads of sleeve (4). 
T ighten the boll unt il the sleeve can be re­
moved. 

s. Remove four bolts (5) and fuel transfer pump 
body (6) from the housing. 

DISASSEMBLY AND ASSEMBLY 
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3208 DIESEL TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL TRANSFER PUMP 
6. Disconnect dra in line (7) from the fitting on the 

back of fuel t ransfer pump body. 

7. Re move gear (8) and O-ring seal (9) from the 
pu mp body. 

8. Remove sea ls (10) from the pump body. 

9. Remove drive gear ( II ) and the key from the 
ca mshaft. 

8)--_~~i~ 
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3208 DIESEL TRUCK ENGINE 

FUEL TRANSFER PUMP 

INSTALL FUEL TRANSFER PUMP 1256-12 

Tools Needed A B C 0 E 

2P831S Bracket Assembly , 
lP510 Driver Group 

6V3071 Seal Guide 

S1603 Bolt ( W'-20 NF x t 
't.I In.) 

484280 Washer 

3P1544 Timing Pin 

NOTE: The fuel injection camshaft must be held in 
toward the fuel transfer pump during insta llation of 
the fuel transfer pump parts to hold the camshaft 
thrust washer in its counterbore. The th ru st washer 
will be damaged when the sleeve is insta lled on the 
camshaft if it is not in the correct position. 

1. Install key (1) and drive gear (2) on the shaft. 

2. Put No.3 Aviat ion Permatex on the outs ide 
diameter of the seals for body (3). 

3. Use tooling (B) to install the first seal in the body 
with the lip down and the second seal with the lip 
up. Install the first seal to a depth of 11 .5 mm 
(.453 in. ) and the second seal to a depth of 0.75 
mm (.030 in.). 

4. Remove the extra permatex from the body and 
seals after installation. Be sure the drain hole 
between the seals is open. 

5. Install O-rmg seal (4) and gear (5) on the body. 

6. Install tool (e) in the end of the fuel injection 
pump camshaft. Co nn ect drain line (6) to the 
fitting on the back of the body and put the body 
in posit ion on the fuel injection pump housing. 
Install the bolts that hold the body in place. 

8 38215:<1 
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3208 OIESEl TRUCK ENGINE OtSASSEMBl Y ANO ASSEMBLY 

FUEL TRANSFER PUMP 

7. I n~la\l tool (1:.) In the camshaft so it will not 
tur n. 

8. Put a ne\\ sleeve (7) on the camshaft. 

NOTE: A new drive .. Iccve must be installed because 
a used drive sleeve can "lip (slide a round) on the 
cam~hafl. 

9. Tighten the sleeve inlo position on the shaft with 
the 4B4280 Washer oflooling (0) approximately 
6.4 mm (.25 in.). Tighten the sleeve the re­
mainder of the way with the 9N5022 Washer 
until the sleeve is at bottom. This is the washer 
which is on the tachometer drive shaft. 

NOTICE 
00 not hit the sleeve to install. Damage to the 
governor will be the result. 

10. Use a feeler gauge to check the end play of the 
ca mshaft after the sleeve is installed. The end 
play of the camshaft must be 0.58 ± 0.46 mm 
(.023 ± .018 ;n.). 

11. Be sure the governo r springs and gasket are in 
po~ ilion on governor housing (8). Insta ll the 
governor hnll~ing on the fuel injection pump 
housing. 

12. Be ~ lI rc holt (9) has the \\-3sher and O-ring seal 
on it \\hcn in<:tallcd . 

13. Relllo"c the fucl injection pump housing from 
tool (A). 
end by: 
a) in~ t all fuel injection pump housing and gov­

ernor 
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3208 TRUCK ENGINE 

WATER PUMP 

REMOVE WATER PUMP 1361·11 

1. Drain the coolant from the cooling system. 

2. Remove the vee belts from the front of the en­
gme. 

3. Remove bolts (I) and pointer (3). Remove water 
pump (2) from the timing gear cover. 

' INSTALL WATER PUMP 
1361-12 

1. Put the gasket and water pump (1) in position in 
the timing gear cover. 

2. Install the pointer and bolts to hold the water 
pump. 

3. Put the vee belts in position on the engine. 

4. Use a belt tension gauge such as BotToughs Tool 
Company Part No. BT-33-72C or an equivalent 
and make an adjustment of the vee belts. Tighten 
new belts until the gauge indication is 120 ± 5. 
Operate {he engine at high idle for a minimum of 
30 minutes after Step 5. Make another adjust­
ment of the belt tension. The correct gauge indi­
cation for used belts is 90 ± 10. Tighten the bolts 
that hold the alternator. 

5. Fill the cooling system with coolaOl to the correct 
level. 

DISASSEMBLE WATER PUMP 1361·15 

Tools Needed A B c 
1P529 Handle 

1 P460 Driver Plate 

lP1861 Pliers 

5P7354 Pin 

a) remove water pump 

1. Hold the pump shaft in a vise as shown and 
remove the bolt and pulley (1). 
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• 
3208 TRUCK ENGINE 

WATER PUMP 

2. Usc looling (A) and a press to remove the shafl, 
seal and impel1cr rrom housing (2) as shown. 

A WARNING 

The press must have a guard. The guard has 
been removed for photo illustration. 

3. Remove bearing (3) rrom hou<;ing (2). 

4. Remove spacer (4) from housing (2). 

5. Use tool (B) to remove ri ng (5) from housing (2). 
Remove bearing (6) from housing (2). 

6. Use a press and 1001 (C) to remove thc shaft and 
seal as~mbly rrom impeller (7) as shown . 

A66412X 1 

A66407)(1 

"88409)(1 

DISASSEMBLY AND ASSEMBLY 



3208 TRUCK ENGINE 

WATER PUMP 

7. Install the seal assembly and shaft in housing (2) 
as shown. Use a press and tool (C) 10 remove the 
shaft from the seal assembly. 

ASSEMBLE WATER PUMP 1361-16 

Tools Needed ABC D E 

lP1861 Pliers 

5P9722 Driver 

5P7353 Spacer 

5P7352 Spacer 

lP529 Handlo 

lP460 Driver Plale 

Install bearing (I) in housing (3). Use tool (A) to 
install ring (2) that holds bearing (1) in position. 

2 Install space r (4) in housing (3). 

3 Make sure the outside diameter of bearing (5) and 
the bore in housing (3) are clean and dry. Install 
bearing (5) in housing (3). Fill the chamber area 
between the housing and outside diameter of 
bearing (5) with 7M7456 Bearing Mount. Re­
move the excess beari ng mount from the hous­
mg . 

A86410X I 
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3208 TRUCK ENGINE 

WATER PUMP 

4. Turn the pump housing over and make sure that 
the borc!. in the beari ngs and spacer are in align­
ment. Install the shaft through the bearings from 
the impeller side of the housing. 

NOTE: The shaft to bearing clearance can be 0.0 18 
mm (.0007 in. ) loose to 0.008 rum (.0003 in .) tight. Ifit 
is necessary to use a press to install the shaft, make sure 
the inner races of the bearings have support. 

5. Install pulley (6) on the sha ft and tighten the holt 
to a torque of 75 ± 7 N·m (55 ± 5 lb.ft.). 

6. Put a new seal assembly (7) on the shaft as 
shown. 

7. Use tool (B) and a press 10 install the seal assem­
bly in housing (3). Do not use a hammer to install 
the sea l. 

8 . Put tool (D) between impeJler (8) and the pump 
hoU'~ing. 

9. Use a press and tool (C) to install impeller (8) on 
the shaft until tool (D) can just be moved between 
the hou!. ing and impeller. 

10. If thc impeJler is installed too far and tool (0) 
cannot be removed. turn the pump ove r and re­
move the pulley. Use tooling (E) and press to 
push the shaft out of the bearings enough to re­
move tool (0 ). Install the pulley and t ighten the 
bolt to a torque of 75 ± 7 N om (55 ± 5Ib.fL). 

end by: 
a) install water pump 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

ENGINE OIL COOLER AND OIL FILTER BASE 

REMOVE ENGINE OIL COOLER AND OIL 
FILTER BASE 1306 & 1378-11 

Tools Needed A 

2P8250 Strap Wrench 

NOTE: It is not necessary to remove the oil pan. 

1. Remove the coolant from the cooling system. 

2. Usc tooling (A) and remove oil filter (2). 

3. Loosen clamps (1) and disconnect the bases. 

4. Remove bolt (4) and three bolts from behind the 
oil cooler. 

5. Remove oi l filler base and engine oil cooler (3) 
as a unit. 

INSTALL ENGINE OIL COOLER AND OIL 
FILTER BASE 1306 & 1378-12 

1. Inspec t the O· ring seals in the oil filter base. 
Install new seals if needed. Put oil on the seal. 

2. Put oil filter ba.se and oil coo ler (1) in position on 
the engine. 

3. Install the four bolts that hold the oil coole r in 
place. 

4. Connect the two hoses and install clamps (2). 

5. Install oil filters (3). See the instructions on the 
oil filte r. 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

ENGINE OIL COOLER AND OIL FILTER BASE 

DISASSEMBLE ENGINE OIL COOLER AND OIL 
FILTER BASE 1306 & 1378·15 

start by: 
a) remove eng ine oil cooler and oil filter base 

I. Remove bolts (I) and make a separation of cover 
(2) from the oi l fi lter ba"e. 

2. Remove nuts (3) and make a separat ion of the oi l 
cooler from oil filter ba~e (4). 

3. Removc divider (6) from oil cooler (5). 

4. Remove plug (9), spring (8) and bypass va lvc 
(7). 

5. Remove plug (12), spring (II) and bypass valve 
(10) from the oil filter base. 

- ---
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

ENGINE OIL COOLER AND OIL FILTER BASE 

ASSEMBLE ENGINE OIL COOLER AND OIL 
FILTER BASE 1306 & 1378-16 

1. Put valve (1) and spring (2) in position in oil filter 
base (4). 

2. Install plug (3). 

3. Put the valve and spring (5) in posi tion and install 
plug (6). 

4. Put div ider (7) in position be tween the fiflh and 
sixth plates from the flange and on the same end 
as the short stud. 

5. Install oil filter base (4) in posit ion on oil cooler 
(8) and install the nuts. Tighten the nuts to a 
torque of22 ± 3 Nom (16 ± 2Ib.ft.). 

6. Install the gasket, cove r (9) and the bolts. 
end by: 
a) install eng ine oil cooler and oil filter base 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

VALVE COVERS 

REMOVE VALVE COVERS 1107-11 

start by: 
a) remove water ~p<trator 

I . Loosen clmnp (1). Sl ide hose (2) away from the 
crankca~ vemilation valve. 

2. Remove bolts (4) and valve cove r (3). 

3. Remove the gaske t from the valve covcr. 

4. Do Stepi> 1 through 3 for the other valve covcr. 

INSTALL VALVE COVERS 1107-12 

I . Put gasket (I) in position in the valve cover. 

2. Put valve cover (2) in position. Install the bolts. 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

VALVE COVERS, CRANKCASE VENTILATOR VALVE 

3. Tighten the bolts to a torque of 14 ± 3 N · m (120 
± 24 lb. in.) in the sequences shown. 

4. Connecl hose (3) to the crankcase ventilator 
valve. Put the hose clam p in pos ition. Tighten the 
hose clamp to a torque of 2.3 ± 0.2 No m (20 ± 2 
Ib.in.). 
end by: 
a) install water separator 

REMOVE CRANKCASE VENTILATOR 
VALVE 1074-11 

start by: 
a) remove valve covers 

1. Remove four oolts (2), ventilator valve ( I ) and 
the gasket. 

INSTALL CRANKCASE VENTILATOR 
VALVE 1074-12 

I . Put gasket (2) and vent ilator valve (I) in posi­
tion. 

2. Install the bolts and tighten them to a torq ue or 
3.4 ± 0.5 N· m (30 ± 4 \b.in.). 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

CRANKCASE VENTILATOR VALVE 
DISASSEMBLE CRANKCASE VENTILATOR 
VALVE 1074-15 

NOTE : The crankcase ventilator va lve can be d is­
assembled while installed on the engine. The va lve 
was removed fo r better photo illustration. 

I. Remove screws (2) 
hO llsing (1). 

2. Remove cover (3) 
housing . 

that ho ld cover (3) on 

and spring (4) fro m the 

3. Remove the piston, sleeve (8). retainer (9). 
and diaphragm (7) from the housing as a 
uni t. 

4. Rl.!movc in ner sleeve (6) and gasket (5) from 
the. housing. 

5. Remove nut ( 12), washer (13), spacer (1 I) , 
pislon (10), d iaphragm (7), and the retainer 
from sleeve (8). 

76U,'X:t 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

CRANKCASE VENTILATOR VALVE 
ASSEMBLE CRANKCASE VENTILATOR 
VALVE 1074-16 

1. Pu t SH2471 Gasket Cement on both sides 
of gaske t (2). Install the gasket on housing 
( I ), 

2. Install inner sleeye (3) in the housing. 

3. Pu t piston (6) in position next to the side 
of diaphragm (4) that has identification 
"PISTON SIDE", 

4. Put retaine r (S) in the d iaphragm . 

S. Put the screw through sleeve (7), retainer, 
diaphragm, and the piston. 

6. Install spacer (8) , washer, and nu t (9) on 
the screw. 

7. Put 5H2471 Gasket Cement on the contact 
surfaces of the diaphragm. [nstall the sleeve, 
re tainer, diaphragm, and piston in the inner 
sleeve and housing. 

8. Put the spring and cover in position on the 
housing and install the screws that hold the 
cove r in place. 
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3208 TRUCK ENGINE 

EXHAUST MANIFOLD 

REMOVE EXHAUST MANIFOLD 1059·11 

I. Remove two bolt~ (1) fro m the Ilanges. 

2. Bend the tab~ back on locks (2). 

3. Remove the bolts, exhaust manifold (3) and the 
ga~ket. 

INSTALL EXHAUST MANIFOLD 1059-12 

I. Put the gasket and exhaust manifold (I) in posi­
tion. 

NOTE: Put 5P393 1 Anti-Sei/,e Compound on the bolt 
thread..,. 

2. Install locks (2) and bolts (3) . 

3. Tighten the bolts to a torque of 43 ± 7 Nom (32 ± 
5 Ib.fI.). 

NOTE: The loch mu~t be hent on a nat side of the bolt 
head. Bolts must be turned no morc th an 30" of a turn 
(in the direction of increased torque only) for the align­
ment of the locks with a fl at s ide of the bo lt head. 

4. Put bolts (4) and the nangc in pos ition . Install the 
nub. 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

ROCKER SHAFTS AND PUSH RODS, ROCKER SHAFTS 

REMOVE ROCKER SHAFTS AND 
PUSH RODS 1102 & 1208-11 

start by: 
a) remove the valve covers 

1. Remove bolts (2) from rocker sha ft (3) and re­
move rocker shaft. Remove push rods (1). 

INSTALL ROCKER SHAFTS AND 
PUSH RODS 1102 & 1208-12 

I. Install push rods (2). Put rocker shaft (1) in posi­
tion on the engine. Tighten the bolts to a torque of 
24 ± 7 N- m (18 ± 5 Ib.fL). 

2. Make adjustment until the intake valvec1earance 
is 0.38 mm (.015 in.) and the exhaust valve clear­
ance is 0.64 mm (.025 in .). T ighten nuts (3) to a 
torque of 30 ± 7 N om (24 ± 5 Ib.ft.). 

end by: 
a) Instal l valve covers 

DISASSEMBLE ROCKER SHAFTS 1102-15 

start by: 
a) remove rocker shafts and push rods 

I . Remove bolts (1), locks (2) and the washers from 
each end of the rocker shaft. 

2. Remove shaft (3) from bracket (4). 
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3208 TRUCK ENGINE 

ROCKER SHAFTS 

3. Remove rocker ann assemblies (7) and the wash­
ers from shaft (3). 

4. Remove screw (5) and nut (6) from rocker arm 
assemblies (7). 

ASSEMBLE ROCKER SHAFTS 1102-16 

I. Make ~ure the oil holc~ in the rocker ann assem­
blies, rocker shafl and bracket are clean and free 
of all dirt and foreign material. 

2. Measure the bore of the bushing in each of the 
rocker arms. The bore must be 21.852 ± 0.020 
mm (.8603 ± .0008 in.). The maximum permissi­
ble bore is 21.920 mm (.8630 in.). 

NOTE: Make a replacemen t of the ann and bushing as 
a unit if the bore is not correct. The arms and bushings 
can not be ordered separate ly. 

3. Measure the diameter of the shan at each of the 
rocker arm locations. The diameter must be 
21.793 to 21.814 mm (.8580 to .8588 in.). The 
minimum permissible diameter is 21.768 mm 
(.8570 in.). 

4. Install the screws and nuts (2) into rocker arm 
assemblies (4). Turn the screws until they are 11.2 
mm (.44 in.) below the bottom or the rocker arm 
assemblies. 

5. In~lalllhc rocker ann assemblies and washers (3) 
on shaft (I) as shown. 

6. Put shaft (I) and the rocker ann a<;scmb[ie~ in 
po!>ition on brackel (5) wilh the adjustment 
sc rews on the same side as the oil hole on the 
bottom of (he bracket. 

7. Make sure tne Oat surfaces on shaft (1 )are turned 
up. Install locks (7), the washers and bolts (6). 
Tighten the bolts to a torque of 24 ± 7 Nom (18 ± 
5 Jb.rt.). 

end by: 
a) inMa ti rocker shan ~ and push rods 

.... 00.IX1 
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3208 TRUCK ENGINE 

FUEL INJECTION NOZZLES 
REMOVE FUEL INJECTION NOZZLES (9N3979 & 
1W5829) 1254-11 

start by: 
a) remove rocker shafts 

1. Thoroughly clean the area around each fue l line 
connect ion. Disconnect fuel injection line ( I ) 
from the adapter. Disconnect fuel injection noz­
zle (2) from the adapter. 

2. Remove clamp (3) and the spacer that holds the 
fuel injection nozzle in place. 

NOTICE 
Never use force to remove the fuel Injection 
nozzles. If necessary, turn and pull the fuel in­
jection nozzle out of the cylinder head. 

3. Remove the adapte r (4) fro m the cylinder 
head. Remove the fuel injection nozzle. 

INSTALL FUEL INJECTION NOZZLES (9N3979 & 
1W5839) 1254-12 

Tools Needed A • 
652242 Nozzle Test Group 1 

6V4979 Carbon Seal lnstallatiofl Tool 1 

NOTICE 
Before the fuel injection nozzles are installed, 
check for fuel leakage, the pressure at which the 
injection nozzle opens, and the amount of fuel 
(spray pattern) that comes out of the nozzle with 
1001 (A). See TESTING 9N3979 & 1W5829 FUEL 
INJECTION NOZZLES in TESTING AND ADJUST· 
ING. 

1. Remove carbon seal dam (2) with pliers. Re­
move compressio n seal (I). 

2. Install a ncw compression seal on the nozzle. 
Install a new carbon seal dam with tool (B ). 

3. Make sure the bore in the cylinder head and the 
fuel inlet fi ll ings are clean. 

6·72 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION NOZZLES 

4. Install new a-ring seals on adapter (3) and fuel 
injection nozzle (4). 

5. Install the fuel injection nozzle in the head. Turn 
and push the nozzle into its correct position. 
Never put lubricant on the nozzle or bore in the 
cylinder head. 

6. Install the adapter in the head. Connect the noz­
zle and fuel injection line to the adapter. Tighten 
the nuts to a torque of 40 ± 7 N·m (30 ± 5 Ih.fl.). 

7. Install the spacer and clamp (5) that hold the 
nozzle to the cylinder head. 
end by: 
a) install rocker shafts 

DISASSEMBLE FUEL INJECTION NOZZLES 
(9N3979 & 1 W5829) 1254-15 

Tools Needed A B C 0 
882242 Nozzle Test Group 

852250 Nozzle Holding Tool 

SP958 Varve Retractor 

5P4813 Socket 

~taJ1 by: 
a) remove fuel injection nozzles 

NOTE: Do not disassemble any nozzle until test has 
shown it is needed. Check each nozzle with tool (A) for 
leakage, the pressure, at which the nozzle opens, and 
the shape and amount of fuel (spray pattern) that 
comes out of the nozzle. Do not clean or make an 
adjustment to any nozzle that has a large (excessive) 
amount of return leakage. Excessive return leakage can 
be an indication of nozzle failures that cannot be cor­
rected with an adjustment or cleaning and can cause 
engine damage. See TESTING 9N3979 & 1 W5829 
FUEL INJECTION NOZZLES in TESTING AND 
ADJUSTING. 

NOTICE 
Keep the work area and all tools extra clean. Be 
careful not to cause damage to the parts while 
the nozzles are disassembled and assembled. 

1. Remove cap (1) from the fuel injection nozzle. 
2. Put the nozzle in tool (8 ). Put tool (B) and the 

nozzle in a visco Do not put any part of a nozzle 
directly in a vise. Loosen locknut (2) while the 
lift adjustment screw is held. Turn the lift adjust­
ment screw (3) counterclockwise one turn. Hold 
the lift adjustment screw (3) with a 5/64" hex 
wrench and remove the locknut (2). 

..... 
----10 

- -

-

NOTICE 
If the lift adjustment screw is not turned counter­
clockwise one turn, the valve can be bent or the 
seat for the valve can be damaged when the 
pressure adjustment screw is turned. 



3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FUEL INJECTION NOZZLES 

3. Loosen the locknut (4) that holds the 
pressure adjustment screw. Use tool (D) to 
hold the pressure adjustment screw. 

4. While the nozzle is held in one hand, tilt the 
nozzle and remove the pressure adjusting screw 
and locknut, spring, seat and valve. 

5. If the valve does not slide out of the nozzle, 
install tool (e) and remove valve as follows: 

a) Push valve into nozzle with tool (e) until 
valve is against bottom of nozzle. 

b) Push down on body of 1001 (e) to 
engage collet on valve with tool (e). 

c) Tum nut counterclockwise and remove valve 
from the nozzle body. 
Put the parts in solvent to loosen carbon and 
deposits of foreign material. The body is as­
sembled with an epoxy material and must 
not be in contact with the solvent for more 
than one to two hours. See SPECIAL 
INSTRUCTION FORM NO. SEHS7292 fo' 
the correct method of cleaning the nozzle. 

ASSEMBLE FUEL INJECTION NOZZLES 
(9N3979 & 1W5829) 1254-16 

Tools Needed A B c 
852250 Nozzle Holding Tool 

852242 Nozzle Test Group 

955031 Socket 

NOTE: Make sure all of the parts have been 
thoroughly cleaned before assembling the nozzles. 
Flush the body to remove any debris or lapping 
compound. 

1. Put clean fuel on all of the parts. 

2. Put valve (l) in position in the body as 
shown. 

3. Install lift adjusting screw (6) into pressure 
screw (5). Turn the lift adjusting screw two 
or three turns. Install the locknut (4) on the 
pressure adjusting screw (5). 

4. Put spring (3), and seat (2) in position on 
the adjusting screw (5). 

5. Put seat (2) in contact with the valve and 
push the valve into position in the body. 
Tighten the pressure screw by hand. 

' .. ,. 
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3208 TRUCK ENGINE 

FUEL INJECTION NOZZLES 

6. Make a n adjustment to the open ing pressu re of 
the nozzle as cont rolled by the pressure adjust ing 
screw with tool (B). See TESTING (9N3979 & 
I W5829) FUEL INJECTION NOZZ LES, 
OPENING PRESSURE TEST ;n TESTING 
AND ADJUST ING. 

7. Make an adjustment to the valve li ft as controlled 
by the lift adjusting screw with tool (8). See 
TESTING (9N3979 & IW5829) FUEL INJEC­
T ION NOZZLES, VALVE LIFT ADJ UST­
MENT;n TESTING AND ADJUST ING. 

8. Put the nozzle in position in tool (A). Put 
tool (A) and the nonle in a vise. Hold the 
lift adjustment screw (7) with a 5/64" hex 
wrench and tighten the locknut (8) until the 
adjusting screw will not lurn. 

9. Tighten the locknut for the pressure adjustment 
screw to a torque of 8.0 to 9.1 Nom (70 to 80 
Ib.in.). 

10. Tighten the locknut for the pressure adjustment 
screw to a torque of 4.0 to 5.1 N om (35 to 45 
Ih.in.). 

II. Install the cap on the fuel injection nozzle. Use 
tool (C) to tighten the cap to a torque of 12.4 to 
13.6 Nom ( 110 to 120 lb. in.). 

end by: 
a) install fuel injection nozzle 

DISASSEMBLY AND ASSEMBLY 
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FUEL INJECTION NOZZLES 
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• 
3208 DIESEL TRUCK 

FUEL INJECTION NOZZLES 

REMOVE AND INSTALL 7000 SERIES FUEL 
INJECTION NOZZLES 1254-010 

Tooll Needed A 8 

852242 NOllie Test Group 1 

6V4979 Carbon Seal lnstalla\ion Tool 1 

start hy: 

a) remove vahe covers 

I. Thoroughly clean the area around each of the fuel 
li ne connect ions. Disconnect fuel line connection 
(I). Disconnect fuel injection nozzle fitting (2) 
from the adapter. 

2. Remove bolt (4). the clamp and spacer that hold 
the fue l mjection nozzle in place. 

NOTICE 
Never use force to remove the fuel injection 
nozzles. If necessary, turn and pull the fuel in­
jection nozzles out of the cylinder head. 

3. Sli de the adapter from the cylinder head. and 
remove fucl injection nozzles (3). 

4. Remove carbon seal dam (6) and compression 
seal (5). 

NOTE: The following steps arc for installation of the 
fuel inject ion nozzles. 

NOTICE 
Before the fuel injection nozzles are installed, 
check for fuel leakage, the pressure at which 
the injection nozzle opens, and the amount of 
fuel (spray pattern) that comes out 01 the nozzle 
with tool (A). See Testing 7000 Series Fuellnjec­
tion Nozzles in Testing And Adjusting. 

5. Install a nc\\ compression seal (5). Install a new 
carbon seal dam (6) with 1001 (8). 

6. Make SUfe the hore in the cylJnder head and the 
fue l mlet fittings arc clean. 

B98280Xl 
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3208 OIESEL TRUCK 

FUEL INJECTION NOZZLES 

7. Install new O-ring seals on adapler (7) and fuel 
inject ion nozzle (3). 

8. Install the fue l injection nozzle in the cylinder 
head. Never put lubri cant on the nozzle or bore in 
the cylinder head. 

9. Install the adapter in the cylinder head. Connect 
the nozzle and fuel injection line to the adapter. 
Tighten the nuts to a torque of 40 ± 7 N om (30 ± 
5 lb. ft.). 

10. Insta li lhe spacer and clamp that hold the nozzles 
in the cylinder head. 

end by: 

a) install valve covers 

DISASSEMBLY AND ASSEMBLY 
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3208 TRUCK ENGINE 

CYLINDER HEADS 

REMOVE CYLINDER HEADS 1101-11 

Tools Needed A B 

SV7860 Water Sleeve Tool I 

5P9736 Bracket·Unk 2 

start by: 

a) remove Clthaust manifo ld 

b) rcmove air inlet manifold 

c) remove valve covers 

d) remove fue l injection lines 

e) remove fuel injection nozzles 

I. Remove the coolant from the cooling sy~lcm. 

2. Remove clamp (2) fro m water sleeves (1) in eac h 
cylinder head. Push the water sleeves imo the 
timing gear cover with tool (A) and a sc rew­
dnver . 

3. Rcmovc bolt (3) from the bracket on the dipstick 
tuhc. 

4. Remove boJ( ~ (4) and ~ t ud (5) from the heads. 

NOTICE 
Make sure the fuel injection nozzles are re­
moved before the cylinder heads are removed. 
The fuel injeetion nozzles go through the cylin­
der heads and the nozzle tips can be broken off 
if the nozzles are not removed from the heads. 

S. Install tooling (B) and fas ten a hois1. Remove 
bolts (7), cylinder head (6) and the gasket. The 
weight of the cylinder head is 54 kg (120 lb.). 

-
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3208 DIESEL TRUCK DISASSEMBLY AND ASSEMBLY 

CYLINDER HEADS 

INSTALL CYLINDER HEADS 1101-12 

Tools Needed A B 
6V7860 Water Sleeve Tool 

5P9736 Link Bracket 2 

I. Clean the contact surfaces of the cylinder head 
and cylinder block. Make sure the surfaces are 
clean and dry. Install a new cylinder head gasket. 

NOTE: Clean the bore in the cyli nde r head fo r the 
water sleeves. Pu t oil on the seals on the water sleeves. 

2. Install tooling (B) in the cylinder head. Fasten a 
hoist and put the cylinder head in position on the 
cylinder block. 

3. Put 6V4876 Molykote Lubricant on the bolt 
threads and install the bolts that hold the cyl inder 
head in their correct location. Tighten the bolts in 
the cylinder head according to the HEAD BOLT 
TORQUE CHART. 

NOTICE 
The higher cylinder head bolt torque may be 
used on earlier engines ONLY if the bolts are 
replaced with the later higher strength bolts 
(seven dash marks on the bolt head). If the earli­
er bolts are tightened to the later torque specifi­
cation, they may yield (stretch) and lose their 
clamping force. 

Head Bolt Location Chari 

Location Length 

5,2, 4.10 525 in. (133 4 mm) 

19. 20, 21 5.0 (127.0 mm) 

16. 14.12. 17 3.0 (76.2 mm) 

7, 9, 3.1 , 6, 8 4.75 in. (120.6 mm) 

18, 11. 13, 15 2.25 In. (57.2 rrvn) 

22 SI"" 

4. In stall water sleeve mto cylinder head with tool 
(A ). Install the clamp on the water sleeves. 

5. Fill the cooling system with coolant to the correct 
level. 

end by: 

a) install fue l injection nozzles 

b) install rocker shafts and push rods 

c) install valve covers 

d) install air inlet manifold 

e) install exhaust manifold 

Head Bolt Torque Cttart 

TIghtening Earlier Bolts Later Bolls 
Procedure (wilh six (with seven 

dash marks)' clash marks)' 

Slep 1. Tighlen bOlts 130±7N.m 150 ± 7N.m 
1 thru 18 in mxnber (95 ± 5 Ib.ll.) (110±S lb.It.) 
sequence to; 

Step 2. Loosen boits 
1 Ihru 1 e until the 
waShers can be 
turned lreely. 

Step 3. Tighten bolts 8O ± 14N,m 80 ± 14N.m 
1 thru 1 e in number (60 ± 10 Ib.ll) (60 ± 10 lb. It.) 
sequence to: 

Step 4: Tighten bolts 130±7N,m 150±7N,m 
1 thru 1 e in number (95 ± 5 lb. It) (110±5Ib.lt) 
sequence 10: 

Step 5: Again lighten 130±7N.m 165±7N.m 
bolts 1 thru lOin (95 ± 5 lb. It) (120 ± 51b.ft.) 
number sequence to: 

Step 6. T.ghten boilS 43±7N.m 43±7N.m 
19 thru 22 in number (32 ± 5 Ib.ft.) (32 ± 5 Ib.n.) 
sequence to: 

'See illustration 1 for idenllhcallOfl 01 EARLIER and LATER 
bolls. 

C12656X1 

EARLIER 
Isix dls.h marks) 

lIIustralion 1. Bolt head idenl ification. 

LATER 
lsevln dls.h marks) 
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3208 TRUCK ENGINE 

CYLINDER HEADS 

DISASSEMBLE CYLINDER 
HEADS 

Tools Needed 

FT806 Cytinder Head Stand 

FT967 AMpler Plate 

852263 Valve Spnng Tesler 

551330 Valve Spring Compressor 

857t70 Valve Seat Insen Puller 
Group 

start by: 
a) remove cylinder heads 

1101-15 

ABC 0 

2 

I. Fasten a hoist and put the cylinder head in po~i­
tion on tool (A). Use adapter plmes (I) from tool­
ing (A) to hold the head in place. 

2. Put the valve spring,> under compression with tool 
(C). 

3. Remove the locks fmm the valve~. 

NOTE: Earlier engines have an inner valve spring. 
Later engines have only one valve ~pring and a spacer 
instead of inner ~pring. 

4. Remove tool (C). retaine r, spring. washer and 
va lve from the cylinder head . Put identification 
on the valve as to its location in the cyl inder 
head. 

5. Check the valve spri ng force with tool (B). For 
the correc t spring force, see the subjec t VALVES 
In SPECIFICATIONS. 

6. Do Steps 2 through 5 for the remainder of the 
valves. 

7. Remove the valve seat insert~ with tooling (D). 

NOTE: The valve guides are pan oflhe cylinder head. 
Measure the bore in each valve guide 19.0 mm (.75 in.) 
from the outside edge on both ends of each valveguidc. 
T he bore must be 9.512 ± 0.013 mm (.3745 ± .0005 
in.). The maximu m permissible bore is 9.550 mm 
(.3760 in.). Valve guides worn more tha n the maxi­
mum specification can be made to the origi nal size by 
knurling. To knurl the valve guides, see the topic CYL­
INDER HEAD AND VALVE COMPONENTS in the 
RECONDITIONING PROCEDURES. 

....... ", 

, 
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3208 TRUCK ENGINE 

CYLINDER HEADS 

ASSEMBLE CYLINDER HEADS 1101-16 

Tools Needed A B C 

857170 Valve Seat Insert Puller 
Group 

551322 Valve Keeper Inserter 

5PI330 Valve Spring Compressor 

1. Clean and remove burrs and alt foreign material 
from the valve seal bores. 

2. Lower the temperature of the valve seat inserts 
and install them with tooling (A) . 

NOTICE 
Do not make the diameter of the extractor (part 
of tooling A) in valve seat insert larger when the 
insert is installed in the cylinder head. 

3. Grind the valve inserts according to the dimen­
sions given in SPEClHCATIONS. 

4. Put clean engine oil on the valve stem. Install the 
valve, washer (3), springs (2) and retainer ( I ) in 
the cylinder head. 

5. Put the valve springs under compression with 
tool (e). 

6. lnstall the locks on the valve stem with tool (B). 

e, WARNING 

Make sure locks (4) are in their correct position 
on the valve. The locks can be thrown from the 
valve when tool (C) Is released If the locks are 
not in their correct poSition on the valve. 

7. Remove tool (C) and hit the valve with a rubber 
hammer to be sure the locks are in their correct 
position. 

8. Do Steps 4 through 7 for the remainder of the 
valves. 

end by: 
a) install cylinder heads 

DISASSEMBLY AND ASSEMBLY 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

PISTON COOLING ORIFICES 

REMOVE PISTON COOLING 
ORIFICES 

Tools Needed 

FTl542 Drlyer Orilice 

~(an b~: 

a) rcmo.\"\.' crankshaft and gear 

NOTICE 

1307-10 

A 

There are holes in the bores forthe main bearing 
between the cylinders for piston cooling ori­
fices. These holes must have orifices or plugs 
installed or low oil pressure will be the result. 11 
the base forthe oil cooler is 357.1 mm (14.06 in.) 
long, the engine has piston cooling orifices in­
stalled. 11 the base for the oil cooler is 268.2 mm 
(10.56 in.) long. the engine has plugs installed. 

B31171X2 

~OTE: A replacement of the pislOn cooling orifices 
I~ necessa ry only if they are damaged. Normally 
It will on ly be necessary to bc sure the orifices a re 
clCiln. 

I. U~c a soft punch to remme orifices (I) from 
the cylinder block. 

2. Use tool (A) to install the orifices in the m;'lin 
bearing bores until they are agaInst the coun­
terbore. Be ~lIre the orifiee~ are opcn after 
they arc Installed. 

end b~: 
a) imtall crankshaft and geal· 



3208 TRUCK ENGINE 

REMOVE AND INSTALL LIFTERS 
(WITH ROLLERS) 

start by: 
a) removc cylinder heads 

I. Removc valve lifters (I). 

LIFTERS 

1209-10 

2. Put identification on each lifter as to Its 
location in the engine for insta llation pur­
poses. 

3. Put the valve lifters in clean engine oil before 
insta lIa tio 11. 

4. Put lifter (2) and spring (3) in position so the tab 
on the spri ng is within an area 4.8 mm (.190 in.) 
either side of the centerline orthe cam and valve 
lirter bores. 

NOTE: If necessary [Urn the camshaft so lifters 
can be pushed into correct pos it ion. 

DISASSEMBLY AND ASSEMBLY 
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a) install cyli nder heads 

REMOVE. AND INSTALL LIFTERS 1209-10 

start by: 
a) remove cylinder heads 

l. Remove valve lifte rs (2) with magnet (1). 

2. Pu t ide nt ificat ion on each lifter as to its loca­
tion in the engine fo r installation pu rp oses. 

3. Put clean eng ine oil on the valve li fters and 
camshaft lobes. 

4. Install the valve lifters (2) in their original 
posi tIons in the cyli nd er block. 

end by: 
a) insta ll cylinder heads 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

CRANKSHAFT MAIN BEARINGS 

REMOVE AND INSTALL CRANKSHAFT MAIN 
BEARINGS 1203·10 

2P5518 

Tools Needed 

Bearing Tool 

Plas~ 

Dial Test Indicator 
Group 

>;Iar! hy: 
a) remove oil pan 

A B c o 

1. Check each main bearing cap for its location on 
the eng ine. Each cap ha~ a number which gives 
the location of that cap. Make a note that the 
nu rnber on each cap is toward the front of .(he 
cy linder block. 

2. Remove the bo1t~ and washers that hold ma in 
bearing cap (2) in place. Remove the bearing cap 
and the lower half of the main bearing. Use 1001 
(C) 10 remove the bolts that hold the No.1 main 
bearing cap in po~ilion. 

3. Remove bearing (I) from the bearing cap . 

NOTE: No. I ma in does not have an oil hole for inser­
tion of tool (A). 

4. T urn the crankshaft until tool (A) can be installed 
in the oi l hole in the crankshaft journal. Insta ll 
tool (A). Turn the crankshaft in the direction 
which will push the upper main bearing out, tab 
end first. 

NOTICE 
If the crankshaft is turned in the wrong direction, 
the tab of the bearing will be pushed between 
the crankshaft and the cylinder blocks. This will 
cause damage to the crankshaft and block. 

NOTE: Im.lall the bearings dry when the clearance 
checks are made. Put clean engine oi l on the bearings 
for final assembly. 

5. Install the lower bearing in the bearing caps. 
Insta ll upper bearings (bearing with the oil hole) 
in the cylinder block with 1001 (A). 

NOTICE 
When bearing caps are installed, make sure the 
caps are installed with the part number toward 
the front of the engine and the number on the 
bottom of the cap is the same as the number on 
the camshaft side of the engine. 



3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

CRANKSHAFT MAIN BEARINGS 

NOTE: When the bearing clearance is checked and the 
engine is in a vertical position, such as in the vehicle, 
the crankshaft will have to be lifted up and held aga inst 
the upper halves of the main bearings to get a correct 
measurement with Plastigage (B). The Plasligage will 
not hold the weight of the crankshaft and give a correct 
indication. If the engine is in a horizontal IXlsition, such 
as on an engine stand, it is not necessary to hold the 
crankshaft up. Do not tum the crankshaft when Plasti­
gage (8 ) is in position. 

6. Check the bearing clearance with Plastigage (8) 
as follows: 
Put cap (3) in position and install the bolts. 
Tighten bolt (5) 10 a torque of 40 ± 4 Nom (30 ± 3 
lb. ft.) . Tighten bolt (4) to a torque of 40 ± 4 N om 
(30 ± 3 lb.ft.). Put a mark on both bolt heads and 
the bearing cap. Tighten bolt (4) 120 ± 5° more. 
Tighten bolt (5) 120 ± 5° more. 

7. Remove the bearing cap and measure the thick­
ness of the Plastigage. The main bearing clear­
ance must be 0.076 to 0. 168 mm (.0030 to .0066 
in.). The maximum permissible clearance is 0.18 
mm (.007 in.). 

8. Put 2P2506 Thread Lubricant on the bolt th reads 
and washers faces. Put clean engine oil on the 
lower half of the main bearing. Put the bearing 
cap and lower half of the main bearing in position 
on the engine. Install the bolts. Tighten bolt (5) to 
a torque of 40 ± 4 N om (30 ± 3 lb.ft.). Tighten 
bolt (4) to a torque of 40 ± 4 Nom (30 ± 3 Ib.ft. ). 
Put a mark on both bolt heads and the cap. 
Tighten bolt (4) 120 ± 5° more. Tighten bolt (5) 
120 ± 5° more. 

9. Do Steps 1 through 8 for the remainder of the 
bearings . 

NOTE: When a replacement of the thrust plates on No. 
3 main bearing is made, in stall the thrust plates with the 
identification " BLOCK SIDE" next to the block. 

10. Cbeck tbe crankshaft end play witb tooling (0 ). 
The end play is controlled by the thrust bearing 
on NO.4 main bearing. The end play with new 
bearings must be 0.08 to 0.25 mm (.003 to .010 
in. ). The maximum permissible end play with 
used bearing is 0.36 mm (.014 in.). 

end by: 
a) install oil pan 

3091lXI 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

CONNECTING ROD BEARINGS 

REMOVE AND INSTALL CONNECTING ROD 
BEARINGS 1219-10 

Tools Needed A 
Plastigage 

start by: 
a) remove oil pun 

1. Tum the crunk,hu rt until two pistons ure at oot­
tom center. Removc connecting rod caps (I) 
from the two connecting rods. Remove the lower 
hal f of the bearings from the caps. 

2. Pu"h the connecting rod .. away from Ihe crank­
shaft and remove the upper half of the bearings. 

NOTICE 
Be careful not to damage the crankshaft jour­
nals. Do not turn the crankshaft while any ot the 
connecting rod caps are removed. 
NOTE: Inslall the bearings dry when the clearance 
checks are made. Put clean engine oil on the bearings 
for final assembly. 

3. Clean the surfaces where the bearings fit. Install 
the upper half of the bearing in the connecting 
rod. Pu ll the connecting rod slowl y on to the 
cr .. nhhaft. 

4. Install lower half of the bearing in the cap. 
NOTICE 

When the connecting rod caps are installed, 
make sure that the numbers on the side of the 
caps are next to and respective with the number 
on the side of the connecting rods. 

5. Check the bearing clearance with Plastigage 
(A). Put Plastigage (A) on thc bearing. 

6. Put 2P2506 Thread Lubricant on the th reads 
of the rod bolts and seat surfaces of the nuts. 

NOTICE 
Do not use an impact wrench to tighten the nuts 
the additional 60 ± 5°. 
NOTE: Do not turn the ct'dnkshart when Plastigage 
(A) is in position. 

7. Put caps ( I ) in position on the connecting rods 
and install the nuts. Tighten the nuts to a torque 
of 40 ± 4 N-m (30 ± 3 lb. ft.). Put a mark on each 
nut and the end of each bolt. Tighten the nuts 60 
± 50 more. 

8. Remove the cap. Measure the thickness of Plasti­
gage (A). The rod bearing clearance must be 0.053 
to 0.140 mm (.0021 to .0055 in.). The maximum 
pe rmissible clearance is O. I 5 mm (.006 in.). 

9. Put the caps in position on the connecting rods 
and install the nuts. Tighten the nuts to a torque 
of 40 ± 4 N-m (30 ± 3 lb.ft.). Put a mark on each 
nut and the end of each bolt. Tighten the nuts 60 
± 5" more. 

TYP ICA L EXAM PL E .. 

91UlXl 

10 Do St~p .. I through 9ag,Hn lor other beanng' 
end by· 
a) m~tall oil pan 



3208 TRUCK ENGINE 

PISTONS 

REMOVE PISTONS 1214-11 

Tools Needed A 
Ridge Reamer 

start by: 
a) remove cylinder heads 
b) remove oil pan 

I. Remove the carbon from the top inside surface of 
Ihe cylinders with tool (A). 

2. Tum the crankshaft until two pistons are at bot­
tom center. 

3. Remove connecting rod caps (I) from the two 
connecting rods. Put pieces of rubber hose or 
tape on the threads of the connecting rod bolts as 
protection for the crankshaft. 

4. Push the pistons and connecting rods away from 
the crankshaft until the piston rings are above the 
cy linder block. 

5. Remove the two pistons (2) and the connecting 
rods. Keep each connecting rod cap wi th its re­
spective connecting rod and piston. Put identifi­
cation on each connecting rod as to its location 
for use at installation . 

NOTICE 
Do not turn the crankshaft while any of the con­
necting rods are in the engine without the caps 
installed. 

6. Do Steps 2 through 5 for the remainder of the 
pistons. 

DISASSEMBLY AND ASSEMBLY 
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• 



• 

• 

3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

PISTONS 

INSTAll PISTONS 1214-12 

ToOlS Needed A B 

5P3524 Ring Compressor 

Plas ligage 

NOTICE 
Two different pistons are used in 320S Truck 
Engines. One piston has a crater volume of 50.4 
± 1.3 cm3 (3.0S ± .07 in.3), and the other piston 
has a crater volume of 5S.S ± 1.2 cm3 (3.59 ± .07 
in.3 ). Check the part number stamped on the top 
of the piston and reter to the parts book to be 
sure the correct replacement piston is used. The 
correct piston must be installed in the engine. It 
the wrong piston is installed, much damage to 
the engine will be the result. 

I. Put clean engine oil o n the pi ston rings. con ­
necti ng rod bea rings. cylinder walls and 
crank"haft hearing journa l<;. 

2. r urn t he era nksh aft unl il the bearing jour­
nal for the pistons to be installed is at bottom 
center. 

3. Make sure the piston ring gap" arc at least 
120 apart on the piston. 

4. lhe too l (A) and imtal lthe piston III po~ition 
in the same cyli nde r bore from whi ch it was 
removed. l he hole (crate r) in the lOp of the 
pi'.;ton must be toward (nearest) the center 
of the engine. 

i\UI l: For mo re det ai l about the insta llation of 
connecll ng rod beanngs. see REtvl0V[ A~D 
Il\STAI I COl\l\EC"II l\Ci KOt) HEI\Kli\CiS. 

5. Check the bearing elcara nn:~ with 1001 (B). 

6. Put 2P2506 Th read Lubncanl on the threads 
01 the bolb and contact ~urfa cc~ of lbe nub 
for the connecti ng rod ca ps. 

NOTICE 
When the connecting rod caps are installed, 
make sure that the number on the side ot the cap 
is next to and respective with the number on the 
side of the connecting rod. 

7. Put the eap (1) in position on the connecting rod 
and install the nuts. Tighten the nuts to a torque 
of 40 ± 4 N·m (30 ± 3 lb.ft.). Put a mark on each 
nut and the end of each boIL Tighten the nuts 60 
± 5~ more. 

~3BJ)X I 

8. Check the side clearance between two connectmg 
rods on the same crankshaft journal. Clearance 
must be 0.08 to 0.84 mm (.003 to .033 in.) for new 
rods. 

9. ])0 Step~ I th rough X lor the 1-1.:(11(lIl1der of 
the ri\tI1l1\ . 

end b~: 
il) Im(all cy linder hCMh 
b) in\tall oil p;trl 



3208 TRUCK ENGINE DISASSEMBLY ANO ASSEMBLY 

PISTONS 

DISASSEMBLE PISTONS 1214-15 

Tools Needed A B 

5F9059 Ring Expander 1 

5"""'" Press Group 

SF24 Hose Assembly 

lP2375 Coupler Assembly 

lP2376 Coupler Assembly 

5P8719 Hand Pump 

5P8652 Tool Group 

start by: 
a) remove pistons 

1. Remove the rings from the piston with tool (A). 

2. Remove the bearings from the co nnecting rod 
and connecting rod cap. 

3. Remove snap rings (2), pin (1) and connecting 
rod (3) from the piston. 

4. See USE OF PISTON PIN BEARING RE­
MOVAL AND INSTALLATION TOOLS, 
SPECIAL INSTRUCTIONS, Form No. 
SMHS7295 for more informatio n of removal and 
installation of piston pin bearings. 

5. Heat the connecting rod to a temperature of 176 
to 260"C (350 to 5(XtF). Put 5P8654 Spacer (11) 
in the base plate. Put the con nect ing rod on the 
base plate of tooling (B). 

6. PUI the connect ing rod piston pin bearing end in 
the center of the pon assembly of tooling (8). 
Install pin (7) in the center of the bore for the 
connecti ng rod beari ngs . 

7. Install 5P8653 Adapter (9). Put the hole in the 
adapter in ali gnment with the hole in the. base 
plate of tooling (B). 

8. Install clamp bar (10) and clamp pin (6). 

9. Install new piston pin bearing (5) on adapter (9). 

NOTE: The old bea ring is pushed out by tooling (B) as 
the new beari ng is inSlalled . 

10. Put 5P8645 Adapter (8) in position as shown 
with the taper side down. The piston pin bearing 
joint must be in alignment with the hole in adapt­
er (9) and the base plate or tooling (B) . 

11. Put pusher (4) on adapter (8). 

12. Use tooling (B) to push the new piston pin bear­
ing into the connecting rod until adapter (8) of 
tooling (B) makes full con tact with the connect­
ing rod surface. 

ItOlOX1 

2 

\l1ut1XI 

13. Remove the connecti ng rod and the old piston 
pin bearing from tooling (8). 

14. Check the piston pin bearing bore diameter after 
the bearing is installed. The correct dimension is 
38.1 25 ± 0.008 mm (1.5010 ± .o(){ll in.). 

• 

• 



• 
3208 TRUCK ENGINE 

PISTONS 

ASSEMBLE PISTONS 1214-16 

ToOlS Needed A B 

852304 Piston R,ng Groove Cleaner , 
SF90S9 Ring Expander 

I. I n~tall connecting rod (I) in the pi~ t o n \ .... it h 
the boss on ~ma1! end of connecti ng rod on 
t he same side as the ho le (crater) in to p of 
t he piston. 

2. I n~t<ll1 pi~t() n pi n (2) and ~na p rin g (3). 

3. Wh en old pistons are to be used , clean the 
piston grooves with tool (A). 

4. 111:.lall the ~pri n g for the oil r ing. Insta ll the 
oil ri ng wi th tool ( B). '] he ga p in the ri ng must 
bc approx ima tely] XO° from the 011 ring spr ing 
co n ncct lom. 

S. Install the com p rc:.~ion ring wit h 1001 ( fi). 
T he side of the ring that has the identifica­
t ion " 10 1' '' must be toward the top of the 
pi~t()n. T he gap ... in the rings must be approx­
imately 1200 a part. 

1\0'1 1:::: Compression nngs thaI do nOI ha vc idcn­
tifiCH t lon m m t be in ... t<l l1ed \\lilh the ed ge that ha ... 
the be\el toward Ihe top edge thaI has the bevel 
toward the lOp o f the piston. 

6. Inslall co n nec tmg rod bea r ings. 

end by: 
a) insta ll pistons 

"CIlI'><' 

DISASSEMBL Y AND ASSEMBLY 



3208 TRUCK ENGINE 

CRANKSHAFT PULLEY 

REMOVE CRANKSHAFT PULLEY 

887548 

8B7557 

8H684 

887581 

Tools Needed 

Puller Assembly 

Adapter 

Ratchet Box Wrench 

Step Plate 

1205-11 

A 

2 

I. Remove the vee belts from the front of the 
engine. 

2. Remove bolt (I) and washer (2) from the 
crankshaft. 

3. Use tooling (A) to pull the cra nkshaft pulley 
(3) from the crankshaft. 

INSTALL CRANKSHAFT PULLEY 1205-12 

Tools Needed A 

8B7548 Puller Assembly (wltnout legs) 

BH6B4 Ralchel 80x Wrench 

I. Put clean engi ne oil on the lip of the front 
crankshaft seal and seal surface of the crank­
shaft pulley. 

2. Put crankshaft pulley (I) in posit ion on end 
of the crankshaft. 

J. l n~tall the .,crew of tooling (Al in the end of 
the cranhhaft. Put crossbar of tooling (A) 
on screw and against the pu lley. U~e looling 
(Al to push the pulley on to crankshaft until 
il makes contact with the crankshaft gear 
Inside timing gear housing. Remove tooling 
(A) 

4. Install washer (3) and bolt (2) in the end of the 
crankshaft. Tigthen the bolt to a torque of 624 ± 
80 N ' m (460 ± 60 Ib.fL). 

NOTE: When a front power lake-off is used, tighten 
bolt (2) to a torque of950 ± 50 N-m (700 ± 37 Ib.ft.). 
T ighten bolls [for holes (4)} to a torque of 55 ± 7 N om 
(40 ± 5 Ib.fL). 

5. Install the vee belts and make an adjustme nt 
to Ihe belt te nsion . See the V-BELT TEN­
SION C HART in the SPECIFICATIONS. 

DISASSEMBLY AND ASSEMBLY 
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• 



3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

TIMING GEAR COVER AND OIL PUMP 

• REMOVE TIMING GEAR COVER 
AND OIL PUMP 1166 & 1304-11 

6Vl16 ---
5P9736 

TOOlS Needed 

Water Sleeve Tool 

Link Brackot 

start by: 
a) remove oil pan 
b) remove cranb,hah pulley 

A B 

2 

L Removc nuts (2) and tachometer dri\'c cover 
II ). 

2. Remove bolts (3) and front sup port (4). 

3. Loosen damp (5) and disconnect hose (6) 
f rom the timing gear cOver. 

4 Rcmm l! clip~ (X) and then disconncct three 
lines (7). 

5. Remme clamp (9) from the \Nater sleeve. 

• 

B~l<I61X 1 

r t 

, 
863460Xl 



3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

TIMING GEAR COVER AND OIL PUMP 

6. Install tool (A) on the water sleeve and then 
push water sleeve (10) into the front cover. 

7. Rem ove twO bolts ( I I), connector ( 12) and 
the gasket behi nd il. 

8. Remove bolts ( 13), elbow ( 14) and the gas ket 
behi nd il. 

9. Remove bolt (15) and then d iscon nect clamp 
( 16) that holds the oil pump sump tu be. 

• 

• 



• 
3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

TIMING GEAR COVER AND OIL PUMP 

10. Install tooling (8) in the rront cover and then 
fas ten a hoist. Remove a ll the bolts that hold 
tim ing gea r cover to the cylinder block. Remove 
the cover (17) and o il pump. T he weight of the 
t im ing gear cover and oil pump is 62 kg( 1361b.). 

NOTICE 
Be extra careful not to cause damage to the 
crankshaft front seal during removal and instal­
lation of the timing gear cover. 

INSTALL TIMING GEAR COVER 
AND OIL PUMP 1166 & 1304-12 

_==o-_c-"TOOIS Needed 
5P9736 LInk Brackel 
6VI16 Water Sleeve TOOl 

A_-,"o... 
2 

I. Clean the contact surfaces or the C) linde r 
block a nd t lmtng gear cover. Install the timing 
gear emer ga ... kct on the qlinder block. 

1\0 I L Make sure the \\ate r sleeves arc in:-'lallcd 
111 the timing gea r cover. Put oil o n the se<lb, on t he 

\\oa ler ..,lce\c~. 

2. Install tooling (A) on ti mi ng gear cover ( I ). 

3. Pul Ihe cover III POSH ion and make a n al ign-
111(':!l1 of the uowcb a nd Ihelr respect ive holes. 
I!lS I,l ll Ih e bo lts th at hold covcr ( I ) t o the 
cy linde r block. 

4. Con nect clamp (3) t ha t ho lds the oil pump 
,ump lUbe. Install bolt (2). 

5. In,l;dl ga~kcl and elhow (4) on the timing 
gear co\cr \\ ilh Ihe bolt~ (5) tha t hold it. 



3208 TRUCK ENGINE DISASSEMBl Y AND ASSEMBLY 

TIMING GEAR COVER AND OIL PUMP 

6. Insta ll gaske t and con nector (7) in the cover 
and install the bolts (6) that hold it. 

7. Install tool (8) on water sleeve (8), then push 
wate r sleeve into the cylinder block. 

8. I nstall clamps (9) on the water sleeve. 

9. Connect three lines (10) and install the clips 
(11) that hold them. 

10. Insla ll hose (13) on l im ing gear cover and 
install clamp ( 12). 

II. Put engine support (16) in position and install 
the bo lts (17) that hold it. 

12. Put tachome ter cover ( 15) In pos ition 
install the nuts (14) t hat hold it. 

end by: 
a) install crankshaft pulley 
b) install oil pan 

and 

• 

• 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

OIL PUMP AND RELIEF VALVE 

REMOVE OIL PUMP AND 
RELIEF VALVE 

SIMI by: 

1304 & 1315-11 

a) remove timing gear cover and oil pump 

I. Bend the loch away from bolts ( 1) and re­
move the bolts. Remove cover (2) fro m the 
timIng gear cover. 

2. Remove guide (5). spring (4) and plunger (3) 
from the cover. 

3. Remove O-ring .. cal (ll) from the back of the 
cover. 

4. Remove inner rotor (7) and outer rotor (8) 
from the lImIng gear cover. 

5. Measure the inside diameter of bearing (9). The 
inside diameter must be 71.22 ± 0.05 mm (2.804 
± .002 in.). Remove bearing (9) only if a replace­
ment is necessary. Remove shaft (10) if a replace­
ment is necessary. 

839968XI 

B39952Xt 



3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

OIL PUMP AND RELIEF VALVE 

INSTALL OIL PUMP AND 
RELIEF VALVE 

Tools Needed 

852285 Driver Assembly 

1304 & 1315-12 

A 

L T ho roughly clean all of the paris. Put oil on 
all of th e pump parts. 

2. If the bearing was removed from Ihe timi ng 
gear cover, install a new bearing wit h too l (A). 
Make sure the bea ring is installed wit h the 
joint in the position shown in the illustration. 

3. If the shaft was removed from the timing gear 
cove r, install the new shaft so dimension "X" 
from the top of the shaft to the counterbore in the 
cover is 36. 14 ± 0.25 mm (1.423 ± .010 in.). 

4. Instal! inne r rotor (I) and o ute r roto r (2) in 
t he Illni ng gear covcr . 

• 

• 

• 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

OIL PUMP AND RELIEF VALVE 

5. Measure the clearance between the rotors with a 
feeler gauge. The clearance must be 0.05 to 0.20 
mm (.002 to .008 in.). The maximum permissible 
clea rance is 0.28 mm (.011 in.). 

NOTE: Ma ke a replacement of BOTH rotor::. if the 
clea rance is no t correct. T he rOlors can no t be 
o rde red separa tely. 

6. Put plunger (3), spring (4) and guide (5) in the 
cover. Use a 1_1,.« in. crowfoot wrench and torque 
wrench to tighten guide (5) to a torque of 41 ± 7 
N·m (30 ± 5 Ib.ft.). A slide rule type torque 
computer, Form No. SEHS7150, is available to 
find the torque wrench dial reading for different 
extensions. 

7. In stall O- ring seal (6) un thc co ve r and put 
the cover III posit io n on the l iming gea r covcr. 
I n ~ ta ll the locks and boll s thaI hold [he (';ol,.(.;r 
in place. 

8. Check the oil pump and clearance with a feeler 

B3995BXl 

• 

• 

gauge. The end clearance must be 0.069 to 0.135 B_Xl 

mm (. 0027 to .0053 in.). 

NOT E: If t he clea ra n(.;c i ~ rIOt correc t. mal..e it 

re placement of BO-III ro lors or the cm·er. 

e nd by: 
a) insta ll t iming gear co\er and 011 pum p 

'~'J' , '~ 
•• 

• '''? 
• 
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3208 TRUCK ENGINE 

REMOVE CAMSHAFT AND 
GEARS 

Tools Needed 
3P I544 Timing Pin 
SP2371 Puller Plate 

CAMSHAFT AND GEARS 

1210 & 1212-11 

A B 

Bolt ( ~"'20 NC x l " long) 2 

Ftat Washer %" 2 

start by: 
a) re move timing gear cover and oil pump 
b) remove valve lifters 
c) re move turbocharger 

1. Remove the plug from the fuel injection pump 
housing and instalJ timing pin (A). 

2. While the crdnkshaft is turned clockwise (as seen 
from the fron t of the engine), push on tool (A) 
until it slides into the groove (slot) in the fuel 
injection pump camshaft. 

3. Remove the tachometer drive adapter shaft (1). 

4. Install tooling (B) into the camshaft drive gear 
for the fue l injection pump. Tum both bolts even­
ly until the drive gear is free of the shaft. Remove 
tooling (8). 

5. Remove thrust pin (2) that holds the camshaft in 
place from the rear of the cylinder block. 

6. Remove the camshaft (3) and gears from the 
cylinder block as a unit. Be careful not to cause 
damage to the camshaft bearing or journals. 

KOTE: The camshaft gear can be removed from the 
camshaft if a replacement is necessary . See the topic 
CAMS HAFT in the RECONDITIONING PROCE­
DURES, 

£ 1 (\n 

DISASSEMBLY AND ASSEMBLY 
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• 
3208 TRUCK ENGINE 

INSTALL CAMSHAFT AND 
GEARS 

Tools Needed 

3Pl 544 TirTllng Pin 

CAMSHAFT AND GEARS 

1210 & 1212-12 

A 

I. Install the ca mshaft gear on the camshaft ifit was 
removed. Heat the gear to a maximum tempera­
tu re of 31 SoC (600°F). Put the gear in position on 
the ca mshaft. Put clean engine oil on the cam­
shaft lobes and journals. Install camshaft ( I ) and 
the gears as a unit. Make sure the timing marks on 
the crankshaft gear and camshaft gear are In 

ali,wment . 

2. Install the thrust pin. Tighten the pin to a tOfque 
of 45 ± 7 N' m (35 ± S lb.ft .). 

3. Pul gear (3) in position and install tacho m­
etef dnve adapter shaft (2). Tighten the 
shaft to t he correct torque. 

NOTE: For the eorreel to rq ue, see the topic 
DRI VE GEAR FOR TilE INJECTION PUM P in 
the SPE(,IFICATIONS. 

4. Afte r valve li ftas and ti min g gear cava 
have been JIlstalled, c heck the timing as 
follow~: 

a) Remove timing pin (A ). 

b) Turn the cranksh aft clockwise as see n 
from the front of the engine app rox­
imately 1/2 turn. Install timing pin (A) 
agam . 

d Wh ile turn in g the crankshaft clockwise. 
push on timing pin (A) un til it slides in to 
the groove (slo t) in the fuel injec tio n 
pu mp camshaft. 

d) Remove the plug from the timing hole in 
the front eove r and install a 5/16"- 18 
NC bolt (4) 2 1/ 2 in lo ng. The cove r 
boll rrom hole (5) can be used. T urn the 
crankshaft clock wise un til bolt (4) ca n 
be installed in lo Ihe liming gear and is in 
the cenh:: r or t h~ hming hole. T he ca m­
shaft for the fuel injection pump is now 
il] corn.:et lime with the e ngine . 

c) Remove the bo ll and install the plug. Re­
move t iming pin (A) and ins tall the plug. 

DISASSEMBLY AND ASSEMBLY 

6- 101 



3208 TRUCK ENGINE 

CAMSHAFT AND GEARS, 
AUTOMATIC TIMING ADV 

NOTE: If the bolt can not be installed in the hole 
of camshaft gear, the timing must be corrected as 
follows: 

a) With timing pin (A) installed, remove the 
tachometer drive adapter housing and 
shaft. 

b) Loosen the gear from the fuel injection 
pump camshaft. Turn the crankshaft 
clockwise approximately two full turns 
until bolt (4) can be installed. Install the 
bolt. 

e) Install tachometer drive adapter shaft 
and tighten it to the correct torque. 
Install adapter housing. Remove the bolt 
and timing pin and install the plugs. 

NOTE: For the correct torque, see the topic 
DRIVE GEAR FOR THE INJECTION PUMP in 
the SPECIFICATIONS. 

end by: 
a) install valve lifters 
b) install timing gear cover and oil pump 
c) install rurbocharger 

REMOVE AUTOMATIC TIMING 
ADVANCE 

Tools Needed 

3P1544 Timing Pin 

start by: 

1272-11 

A 

a) remove timing gear cover and oil 
pump 

\. Remove the plug from the fuel injection 
pump housing and install timing pin (A). 

2. While turning the crankshaft clockwise (as 
seen from the front of the engine), push on 
the timing pin (A) until it slides into the 
groove (slot) in the fuel injection pump 
camshaft. 

3. Remove screw (1) and washer (2) from the 
end of the engine camshaft. 

4. Remove the automatic timing advance (3). 

6- 102 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

AUTOMATIC TIMING ADVANCE 

INSTALL AUTOMATIC TIMING 
ADVANCE 1272-12 

I. If the timing Illark on thl! crank shaft ami 
the liming mark on (he camshafl gear are 
not in ali gnment. turn the c rankshaft clock­
wise (as seen from the front of the e ngine) 
untillhe ma rk " are in alignment. 

..., Put the doweh. ill the gear in alignment with 
the holC's in the weights <Jml install t he auto­
matic timing advance. 

3. Put pin (2) 111 washer in <llig nme n t with hole 
(3) in the ca mshaft and install washer (I). 

4. Install screw (4) and tighten it to a torque of7.9 ± 
0.6 N-m (70 ± 5 1b.in.). Put marks (stake) on the 
screw in two places with a hammer and punch. 

NOTICE 
Put marks (stake) on screw (4) carefully. Too 
much force pushes the shaft extension into the 
camshaft and takes away all end clearance. 

5. After marks (stake) are put on screw (4), the end 
clearance for the gear and weight assembly must 
be 0.08 to 0.94 mm (.003 to .037 in.). This end 
clearance will prevent binding against the washer, 
camshaft end, or camshaft gear. 

end by 
.1) instHll lim lng gear cover and oil pump 

CAMSIIAFT ReMOVED FOR 
PHOTO ILLUSTRATION 

6-103 



3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

FLYWHEEL, FLYWHEEL HOUSING 

REMOVE FLYWHEEL 1156-11 

ToOls Needed A 

FT121 Lilting Bracket 

5509 Boll (3/8"- 16 NC xl In . long) 

l. Fasten tool (A) a nd a ho ist to flywheel (2). 

2. Remove bolts (I) that hold the flywheel. Remove 
the flywbeel. The weight or the fl ywheel is 31 kg 
(60 lb.). 

INSTALL FLYWHEEL 1156-12 

ro~s Needed A 

FT121 Lilting Brackel 

5509 Boll (3/6" 16 NC x 1 In . long) 

l. Install tooling (A ) on the nywheel. Fasten a 
ho ist and put flywheel (1) in posit ion on the 
cranksha ft. Make sure the marks on the fly­
whee l and cranks haft are In al ign ment. 

2. Put 8HS137 Gasket Sealer on the bolt threads 
and install the bolts. Tighten the bolts to a torque 
of 75 ± 7 N-m 155 ± 5 Ib.ft.). 

NOTE: Ma ke sure the correct sealant is put on the 
bolt threads. The holes ror the bolts in the crank­
shaft nange are dri ll ed through so t he holes are 
open to the oil in the engine. Leakage a long the 
bolt threads can be the res ult ir the correct sea la nt 
is not used . 

NOTICE 
When a new flywheel is installed, check the 
thickness of the new flywheel at the bolt holes in 
relation to the thickness of the old flywheel. 
Install the correct length bolts so they will be 
fully engaged in the crankshaft flange. Bolts 
that are too long will make contact with the block 
on the back side of the crankshaft flange and 
pull the crankshaft back. This will cause the 
crankshaft thrust bearing to fall. 

REMOVE FLYWHEEL HOUSING 1157-11 

Tools Needed A 

5P9736 Link Bracket 2 

start by: 
a) remove starte r 
b) remove flywheel 

I. Loosen the bolt!i that ho ld the oi l pan to the 
cyhnder block Remove the bolls that ho ld 
the oil pan to the flywheel housing. Fasten 
tooling (Al a nd a hoist to the rea r or the en­
gIne. Lift the rear or the engine a nd insta tl 
~hl!11S o n each side of the cylinder block . 

2. Remove the bo lt s (2) Ihat hold the flywheel 
housing in place . Remove flywheel ho using 
(I) 

INSTALL FLYWHEEL HOUSING 1157-12 

Tools Needed A 

SP9736 Link Bracket 2 

t. Clean the contac t su rraCC!i or the nywhcel 
housi ng a nd cyli nd er block. Install a new 
gas ket. 

2. Put o il on the li p of the reHr seal Put flywheel 
hOUSing 10 posit ion a nd insta ll the bolts. 

1 Cut the gasket so it is e"en with the bottom 
of the block and nywhee l housing. Remove 
the shims from each side of the block and 
t ighten the bolts for the oil pan. Instalt re­
mainder of bo lt s in o il pan . 

end by: 
a) install flywheel 
b) install starter 

• 
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3208 TRUCK ENGINE DISASSEMBLY AND ASSEMBLY 

CRANKSHAFT REAR SEAL AND WEAR SLEEVE 
REMOVE CRANKSHAFT REAR SEAL 
AND WEAR SLEEVE 1161-11 

Tools Needed A B c 
lP3075 Pu ler Assembly 

5P73t2 Dlstor"o,-' _________ '-_--' 

5P733B Ring 

~ta rt by: 
a) remove flywheel 

1\0 I L: When a n.'placement of the rca r~eal i~ made, 
a re placement 01 Ih(..' \.\ear sleeve is 10 be made abo 

I. Remove Ihc cra nhhaft rear seal from the 
flywhee l housing with looling (A). 

2. Install 1001 (e) in the rear seal borc. 

3. Install 1001 ( B) bct \\een too l (e) and the 
wear slecvc. Turn 1001 ( B) until the edge 
of the 1001 makes a Oat place (crease) in 
the wear sleeve. Do this in two or mo re 
places until t he wear sleeve is loose. 

4. Remove tool (e) and the wea r sleeve b) 
ha nd. 

INSTALL CRANKSHAFT REAR SEAL 
AND WEAR SLEEVE 1161-12 

5P7293 

5P290 

l P5515 

958858 

ToolS N"...,"".o:d _ ___ ____ ~A"_ 
InstaU:::" _____ ______ --'---

LOCllt~O''-_______ _ _ _ __::_~ 

Boll 2 

No< 

NOTICE 
The crankshaft seal and wear sleeve come as a 
set and must not be separated from each other 
at any time. Carefully read Special Instruction, 
Form No. SMHS8508, that is included with each 
seal and wear sleeve before any handling of the 
seal group is made. 

I. I n~ta II I be cr.m ksh.lfl rca r sea I and \\ ea r ,Ice, I.' 
\\ ilb loollng (A) a~ lollo\\s: 
a) Clean and make: a prcp<Hat ion of the e ra nk · 

,halt oUI:.ide diameter wilh 6VIS41 Quick 
Cu r..: Prime r. \1akc a n applica tiOn of 
9SJ165 Relaining Compound to eran k­
~h"h oUbidc diam..:ter. 

b) Install locator (3) and the bolts on the rear of 
the crankshaft (4). 

c) Put the wear sleeve (2) and seal (7) asa unit on 
locator (3) with the outside diameter bevel of 
the wear sleeve toward the outside, 

2 3 

?r-__ 5 

4--__ ..<. 

7'--~IE:::;!·rn 
6 

884143P4 

d) Put installer (5) in position on the locator (3). 

e) Put clean engine oil on the face of nut (6) and 
install it on the locator. Tighten the nut until 
installer (5) is at bottom, 

f) Remo\l' looling (A) and check lhe wea r 
~lcc\'C and sea l for Ihe correcl pn~itlon 
al ler IIl ~Iallauo n. 

l'tl(l by 
il) II1sta ll fly\\hl'd 



3208 TRUCK ENGINE 

CRANKSHAFT AND GEAR 
REMOVE CRANKSHAFT AND 
GEAR 1202&1204-11 

Tools Needed A B 

OTC Model 17':D-A Engine 
Sland 

887551 Bearing Puller Attachment 1 

lP820 Puller Group 1 

887549 Leg 2 
887561 Slep Plaia 1 

3-<"" PIa" 4 

184207 Not 2 
5P3100 Pump Group 

start by: 
a) remove flywheel hOllsing 
b) remove valve liflers 
c) remove pistons 
d) remove timing gear cover and oil pump 

I . Fasten a hoist and put the engine in position on 
tool (Al. 

2. Tum the crankshaft until the timing mark on the 
crankshaft gear is in alignment with the timing 
mark on the camshaft gear. 

NOTE: For more detai l about removal of main bearings 
see REMOVE AND INSTALL CRANKSHAFT 
MAIN BEARINGS. 

3. Remove bolts (I) and main bearing caps (2). 
Remove the lower halves of the main bearings 
from the caps . 

4. Install two of [he bolts that hold the flywheel in 
place in the end of crankshaft. 

5. Fasten a hoist and remove crankshaft (3) from the 
engine. The weight of the crankshaft is 54 kg (120 
lb.). 

NOTICE 
Be careful not to cause damage to the crank­
shaft journals when the crankshaft is removed. 

6. Remove the upper halves of the main bearings 
from the cylinder block. 

7. Install tooling (B) and remove the gear from the 
crankshaft. 

6-106 

DISASSEMBLY AND ASSEMBLY 

• 
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3208 TRUCK ENGINE 

CRANKSHAFT AND GEAR 

INSTALL CRANKSHAFT AND 
GEAR 1202 & 1204-12 

Tools Needed A B 
852328 Dial Test Indicator Group 

Plastigage 

[. Install the key for the crankshaft gear so il is even 
with Ihe end of the crankshaft. 

2. Heat the crankshaft gear to a maximum tempera­
ture of 260·C (500·F). Install the gear on the 
crankshaft with the timing mark on the gear 
toward the pulley end of the crankshaft. 

3. in <;tall the thrust bearing for the NO.4 main. 

NOTE: Install the bearings dry when the clearance 
checks are made. Put clean engine oil on the bearings 
for final assembly. 

4. In<;tall the upper ma in bearings (the bearings with 
oi l hole) into the engine block. 

5. In!'tall two of the bolts that hold the flywheel in 
place in the end of the crankshaft. Fasten a hoist 
and put the crankshaft in pos itio n in the block. 
Make SlIre the timing mark on the crankshaft gear 
is in alignment wi th the timing mark on the cam­
shaft gear. 

NOTE: ror more detail about installation of main 
bearings see REMOVE AND INSTALL CRANK· 
SHAFT MAIN BEARINGS. 

NOTICE 
When the bearing caps are installed, make sure 
the number on the side of the cap is next to and 
respective with the number on the engine block. 

NOTE: When the bearing clearance is checked and the 
engine is in a vert ical pos itio n, the crankshafl will have 
to be lifted up with a force equal to the weight of the 
crankshaft and held against the upper halves of the ma in 
bearings to gel a correct measurement with Plastigage. 
The Plastigagc will not hold the weight of the crank­
shaft and give a correct indication. If the engine is in a 
horizontal position, such as on an engine stand , it i~ not 
necessary to hold the crankshaft up. Do not tum crank­
shaft when Plast igagc is in position toc heck clear.mcc. 

6. Check the bearing clearance with Plastigage. Put 
the lower main bearings into the caps. Put the 
caps in position and install the bolts. Tighten the 
bolts in number sequence as follows: 

a) Tighten bolts I through IOtoatorqueof40± 
4 N om (30 ± 3Ib.ft.l. 

30912X l 

DISASSEMBLY AND ASSEMBLY 
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3208 TRUCK ENGINE 

CRANKSHAFT AND GEAR 

NOTICE 
Do not use an impact wrench to tighten the nuts 
the additional 120 ± 5°, 

b) Put a mark on each bolt head and bearing 
cap. Tighten bolts 1 through 10 120 ± S­
more. 

7. Remove the bearing caps and measure the thick· 
ness of the Plastigage. The main bearing clear· 
ance must be 0.076 to 0.168 mm (.0030 to .0066 
in.). The maxi mum permissible clearance is 0.18 
mm (.007 in.). 

8. Put 2P2506 Thread Lubricant on the bolt threads 
and washer faces. Put clean engine oil all the 
main bearings. Put the bearing caps in position 
and install the bollS. Tighten the bolts in number 
seque nce as follows: 

a) Tighten bolts I through IOta a torque of 40 ± 
4 N'm (30 ± 3 Ib.ft.). 

b) Put a mark on each bolt head and bearing 
cap. Tighten bolts 1 through 10 120 ± 5· 
more. 

9. Install indicator group (A) and chC{;k the end play 
of the crankshaft. The end play is controlled by 
the thrust bearing on NO.4 main bearing. The 
end play with new bearing must be 0.08 to 0.25 
mm (.003 to .01 0 in.). The maxi mum permissible 
end play with used bearing is 0.36 mm (.014 in. ). 

end by: 
a) install timing gear cover and oil pump 
b) install pistons 
c) install valve lifters 
d) install flywheel housing 

309121(1 

DISASSEMBLY AND ASSEMBLY 
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3208 TRUCK ENGINE 

CAMSHAFT BEARINGS 

REMOVE CAMSHAFT BEARINGS 

1P5545 

852241 

8H6B4 

Tools Needed 

Adapter Group 

Camshaft Bearing Installation and 
Removal Group 

Ratchet Box Wrench 

start by: 
a) remove crankshaft and gear 
b) remove camshaft and gears 

1211-11 

A B 

NOTE: The crankshaft does not have to be re­
moved fo r removal and installation of the camshaft 
bearings, but must be removed to correc tly clea n 
the oil passages in the cylinder block. 

I. Install tooling (B) through the flywheel 
housing end of the cylinder block. 

2. Install washer (I) and bolt (2) from tool group 
(A) in the end of the shaft of tooling (B). Remove 
the bearings from the cylinder bolck. Start with 
the front bearing. 

3. Thoroughly clean the oil passages and sur­
faces where the camshaft and bearings fit. 

INSTALL CAMSHAFT BEARINGS 

lP5545 

882241 

8H684 

Tools Needed 

Adapter Group 

Camshaft Bearing Installation and 
Removal Group 

Ratchet Box Wrench 

1211-12 

A B 

1. Start with the rear ca mshaft be.lfing and in­
stall the bearings in the cylinde r block with 
tooling (A) and (B). Make sure the oil holes 
in the bearing are in alignment with the oil 
holes in the cylinder block. 

2. To install the front camshaft bearing, put 
tube (I) from tool group (B) in position 
show n with the tube over the boss on the 
front of the cylin der block and pull the 
bearing into place. Make sure the oil holes 
in the bearings are in alignment with the oil 
holes in the cylinder block. 
end by: 

a) install camshaft and gears 
b) install crankshaft and gear 

DISASSEMBLY AND ASSEMBLY 



3208 TAUCl',: ENGINE DISASSEMBLY AND ASSEMBLY 

STARTER, ENGINE SOUND SUPPRESSION 

REMOVE STARTER 
1453-11 

1. Discon nect the bauery cables. 

2. Disconnect and put identificalion on the wiring. 

3. Remove bolts ( I ) and starter (2). 

INSTALL STARTER 
1453-12 

1. Put the starter in posit ion on the engine. 

2. Install the bolts. 

3. Connect the wiring and baltery cables. 

REMOVE AND INSTALL ENGINE SOUND 
SUPPRESSION 7260-10 

start by: 
a) remove eng ine oil cooler and oil filter base 

I. Remove three bolts ( I) and remove sound sup· 
pression (2). 

2. Put sound suppression (2) in position. 

3. Install the bolts that hold the sound suppression 
in pl ace. 
end by: 
a) in stall engine oi l cooler and oil filter base 

• 
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3208 TRUCK ENGINE 

CRANKSHAFT FRONT SEAL 

REMOVE CRANKSHAFT FRONT 
SEAL 

lOoIs Needed 

1 P3075 Puner Group 

start by: 
a) remove cr.mkshaft pullcy 

1160-11 

A 

1. Remuve the front seal with tool group (A). 

INSTALL CRANKSHAFT FRONT 
SEAL 

Tools Needed 

5P4194 Inslaner Assembly 

2H3745 Boll (1""-14 NF x 2 3/4 In. long) 

1160-12 

A 

I. Put 7F2770 Cement on the outer mctal ~urfaec 
of the front seal. Put the seal in position on the 
short end of the Installer assembly (A). I he 
lip of the ~cal mu~t be toward the inilidc or the 
engine. 

NOTE: If a new wear surface for the front seal is 
needed, put the spacer from tooling (A) between the 
seal and flange of the installe r assembly. 

2. Put the seal and installer assembly in pOilition 
on the end of the crankshaft. Install v..as her(2) 
that iii u~ed to hold the crankshaft pulley and 
the 2H3745 Bolt (I). Tighten the bolt until the 
installer assembly makeil contact \\ith the 
cranks haft gear. Remove tooling (A) and 
wailhcr (2). 

end by: 
a) install crankshaft pulley 3OIS5X2 

DISASSEMBLY AND ASSEMBLY 
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3208 DIESEL TRUCK ENGINE 

AIR COMPRESSORS (Seclion 7) 

Tu-Flo 501 Air Compressor Tu-Flo 700 Air Compressor 
Assembly. Clealling 01 Parts ........ . ........ . 
Cleaning 01 Parts . 
Description and Operation 

7-10 
1-8 
1-3 
1-5 

Description .......... . 
General Service Checks 

Cooling ..... Air Leakage Tests. .......... . ............... . 
Intake and Compression (Loaded) ... 7-4 Inspection ..... 
Lubrication............ . ........ ... ............ 7-5 Operating Tests ... . 
Non-Compression (Unloaded) ........................ 7-4 Inspection 01 Parts ......................... . 

General Service Checks 7-6 Inspection of Rebuilt Unit 
Air Leakage Tests. 
Inspection .. 
Operating Tests 

1-1 
1-' 
1-' 
1-8 

7-12 
1-5 

Operation 
Cooling .......... . 
Intake and CompreSSion (Loaded) 

Inspection of Parts. 
Inspection 01 Rebuilt Unit 
Preventive Maintenance 
Removing and Disassembly ..... 7-7 

Lubrication ........... . 
Non-Compression (Unloaded) . 

Preventive Maintenance ... 
Removing and Disassembly 

Repairs ..... . ......... 7-9 Repairs .............. . 
Tabulated Data ...... . 7- 12 

7·12 
7-18 

SpeCifications .. .. . ....... . 
Troubleshooting .. 
Assembly .. 

Testing RebUilt Compressor .. . 
TroubleshootlOg ............. . 

IMPORTANT! PLEASE READ 

When working on or around air brake systems and components, the 
following precautions should be observed: 

I. Always block ve hicle wheels. Stop engi ne whe n workmg unde r a ve­
hicle. Deplet ing vehicle air system pressure may cause ve hi cle to roll. 
Keep hands away from cham ber push rods and slac k adjusters: they 
may apply as system pressure drops. 

2. Never connect or d isconnect a hose or line containing ai r pressure . 
It may whi p as air escapes. Never remove a component or pi pe plug 
unless you are ce rtain a ll system pressu re has been dep leted. 

J. Never exceed recommended air pressure and always wear safe ty 
glasses when working with air pressure. Never look into air jets or 
direct them at anyone. 

4. Never a ttempt 10 disassemble a component unti l you have read and 
unde rstand recomme nded procedures. Some component s contain 
powerful spri ngs and inj ury can result if not pro perly disassembled. 
Use only proper tools and observe a ll precautions pertaining to use 
of those tools. 
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50-01-3 Service Data Formerly SD· 64 

TU-FLO 501 AIR COMPRESSOR 

= 
• ,­; 
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DESCRIPTION AND OPERATI ON 

General 

The function of the air compressor is to provide and main­
tain air under pressure to operate devices in the air brake 
andl or auxIliary air :;ystems . 

Description 

The Tu-Flo 501 is 11 two cylinder, single stage, reciprocating 

compressor with a rated displacement of 12 cubic feet of 
air per minulC at 1250 A.P.M. 

The Tu-Flo 501 is constructed from two major assemblies, 
the head and the crankcase. The head houses the discharge 
valving and is installed on the upper portion of the 
crankcas.e. The crankcase is a one piece casting combining 
the cylinder block and the crankcase. The upper portion of 
the casting houses the cylinder bores and inlet valving; and 
the lower portion, the crankshaft and main bearin{f.>. 
Various mounting an d drive configurat ions, required by the 
numerous vehicle engine designs, are obtained by bolting 
different mounting flanges, end covers, and base adapters to 
the crankca~. Two horizontal governor mounting pads are 
located on either side of the upper port ion of the crankcase 

to provide convenient governor mounting. 

Two methods are employed for cooling the Tu· Flo 501 
during operation . The cylinder head IS connected to the 

engine's cooling system, while the cylinder bore portion of 
the crankca~ has external fins for efficient air cooling . 

. c·-
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VARIOUS COMPRESSOR MOUNTINGS 

All Tu-Flo 501 compressors utitize the engine's pressu rized 
oil system to lubricate the internal moving parts. 

A nameplate is attached to the crankcase to identify the 
compressor. The nameplate displOlYs a Bendix. piece number 
or In some cases an engine or vehicle manufacturer's piece 
number, along with a serial number. 

COMPRESSOR NAMEPLATE 

OPERATION 

General 

The compressor is driven by the vehicle engine and is oper­
ating continuously while the engine is running. Actual com­
pression of air is controlled by the compressor unloading 
mechanism and the governor. The governor is generally 
mounted on the compressor and maintains the brake sys­
tem air pressure to a preset maximum and minimum pres­
sure level. 

Intake and Compression of Air (Loaded) 

During the down stroke of the piston, a slight vacuum is 
created between the top of the piston and the head, causing 

, . 

the fla t circular inlet valve to move up and off its seat. 
(Note the flat square discharge valve remains on its seat.) 
Atmospheric air is drawn through the air strainer by the 
open inlet valve and into the cylinder (see Fig. 1). At; the 
piston begins its upward stroke, the air that was drawn into 
the cylinder on the down stroke is being compressed. Air 
pressure Q(l top of the inlet valve plus the force of its 
spring, returns the inlet valve to its seat. The p iston con­
tinues the upward stroke and compressed air then flows by 
the open discharge valve, into the discharge line and on to 
the reservoirs (see Fig. 2). At; the piston reaches the top of 
its stroke and starts down, the discharge valve spring and air 
pressure in the discharge line returns the discharge valve to 
its seat. This prevents the compressed air in the discharge 
line from returning to the cy li nder bore as the intake and 
compression cycle is repeated. 

Non-Compression of Air (Unloaded) 

'M1en air pressure in the reservoir reaches the cut-out set­
ting of the governor. the governor allows air to pass from 
the reservoir 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 (see Fig. 
3}. 

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

• 
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INTAKE 

Fig. 1 

• 
COMPRESSION 

Fig. 2 

,llllOKE 

UNLOADING 

Fig. 3 

lubrication 

Since all Tu-Flo 501 Compressors are connected to the 
engine's pressurized 011 system, a continuous flow of oil is 
provided to the compressor, which is eventually returned to 

Ihe engine. 

Oil is fed into the compressor in various ways, for example: 
through the rear end cover, the drive end of the crankshilft 
Of through the front flange adapter. An oil passage in the 
crankshaft conducts pressurized oil to Ihe precision sleeve 
main bearings and to the connecting rod bearings. Splash 
lubrication of the cylinder bores, connecting rod wrist pin 
bushings, and the ball type main bearings, on some models, 
is obtained as oil is forced out around the crankshaft jour­
nals by engine oil pressure. 

Cooling 

Air flowing through the engine compartment from the 
action of the enf,ine's fan and the movement of the vehicle 
assists in cooling the crankcase. Coolant flowing from the 
engine's cooling system through connecting lines enters the 
head and passes through the head's water jacket and back 
to the engine. Proper cooling is important in maintaining 
d ischarge air temperatures below the maximum 400"F 

recommended. 

PREVENTIVE MAINTENANCE 

Every month. 300 operating hours or after each 10,000 
miles, depending on the operating condillons, experience 
and the type of strainer used, service the air sualner 

POLYURETHANE SPONGE STRAINER 

Figure 4 

POLYURETHANE SPONGE STRAINER 

EVERY 5000 MilES ON 150 OPERATING HOURS 
Remove and wash all of the parts. The strainer element 
should be cleaned or replaced If the element is cleaned, it 
should be washed in a commercial solvent or a detergent 
and water solution. The element should be ~turated in 
clean engine oil, then squeezed dry before replacing it in 
the strainer. Be sure to replace the air strainer tpsket if the 
entire air strainer is removed from the compressor intake. 



PAPER AIR STRAINER 
DRY ELEMENT-PLEATED 

Figure 5 

COMPRESSOR INTAKE ADAPTER 

Figure 6 

DRY ELEMENT - PLEATED PAPER AIR STRAINER 

EVERY 20,000 MILES OR aoo OPERATING HOURS 
Remove the spring clips from either side of mounting baffle 
and remove the cover. Replace the pleated paper filter and 
remount the cleaned cover making sure the filter is in 
position. Be sure to replace the air strainer gasket if the 
entire air strainer is removed from the compressor intake. 
(NOTE: Some compressors are fitted with compressor 
intake adapters which allow the compressor intake to be 

connected to the engine air cleaner.) In this case, the com· 
pressor receives a supply of clean air from the engine air 
cleaner. When the engine air filter is changed, the compres­
sor intake adapter should be checked. If it is loose, remove 
the intake adapter, clean the strainer plate, if applicable, 
and replace the intake adapter gasket,. and reinstall the 
adapter securely. Check line connections both at the 
compressor intake adapter and at the engine air cleaner. 
Inspect the connecting line for ruptures and replace it if 

necessary. 

EVERY 6 MONTHS, 1800 OPERATING HOURS OR 
AFTER EACH 50,000 MI LES 

Remove the discharge head fittings and inspect the 
compressor discharge port and discharge line for excessive 
carbon deposits. If excessive buildup is noted in either, the 

discharge line must be cleaned or replaced and the com­
pressor checked more thoroughly, paying special attention 
to the air inductioo system, oil supply and return system, 
and proper cooling. If necessary, repair or replace the 
compressor. Oleck for proper belt and pulley alignment 
and belt tension. Adjust if necessary, paying special atten· 
tion not to over tighten the beit tension. Check for noisy 
compressor operation, which could indicate a worn drive 
gear coupling or a ioose pulley. Adjust and/or replace as 
necessary. Check all compressor mounting bolts and re­
tighten evenly if necessary. Check for leakage and proper 
unloader mechanism operation. Replace if defective in any 
way. 

EVERY 24 MONTHS, 7200 OPERATING HOURS OR 
AFTER EACH 200,000 MI LES 

Perform a thorough inspection as indicated below and 
depending upon the results of this inspection or experience, 
disassemble the compressor, clean and inspect all parts 
thoroughly, repair or replace all worn or damaged parts 
using only genuine Bendix replacements or replace the 
compressor with a genuine Bendix remanufactured unit. 

IMPORTANT - Should it be necessary to drain the engine 
cooling system to prevent damage from freezing, the cylin­
der head of the compressor must also be drained. 

GENERAL SERVICE CHECKS 

Inspection 

It is of the utmost importance that the compressor receives 
a clean supply of air. The air strainer must be properly 
installed and kept clean. If the compressor intake is connec­
ted to the engine air cleaner, supercharger, etc., these 
connections must be properly ins talled and maintained. 
O1eck the compressor mountings to be sure they are secure. 
Oleck the drive for proper alignment, belt tension, etc. 

Inspect the oil supply and return li nes. Be sure these lines 
are p roperly instal led and that the compressor is getting the 
proper supply of oil, and just as important, that the oil is 
returning to the engine. Check the coolant li nes to and 
from the compressor and see that the cooling tins on the 
crankcase are not clogged with dirt, grease, etc. Check the 
un loader mehcan ism for proper and prompt operation. 

Operating Tests 

Vehicles manufactured after the effective date of FMVSS 
121, with the minimum required reservoir volume, must 
have a compressor capable of raising air system pressure 
from 85-100 P.5.1. in 25 seconds or less. Th is test is per­
formed with the engine operating at maximum governed 
speed. The vehicle manufacturer must certify this perfor­
mance on new vehicles with appropriate allowances for air 
systems with greater than the minimum required reservoir 
volume. 

• 
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TU-FLO 501 COMPRESSOR (THRU DRIVE) 

EXPLODED VIEW 

Figure 7 

Air Leakage Tests 

Leakage past the discharge valves can be detected by 
removing the discharge line, applying shop air back through 
the discharge port and listening for escaping air. Also, the 
discharge valves and the unloader pistons can be checked 
for leakage by building up the air system until the governor 

cuts out, then stopping the engine. With the engine 
stopped, listen for escaping air at the compressor intake. To 
pinpoint leakage if noted, app ly a small quantity of oil 
around the unloader pistons. If there is no noticeable 
leakage at the unloader pistons, the discharge valves may be 

leaking. If the compressor does not function as described 
above, or leakage is excessive, it is recommended that it be 
returned to the nearest au thor ized Bendix Distributor for a 
factory remanufactured compressor. If this is not possible, 
the compressor can be repaired using genuine Bendix 
replacement parts, in which case, the following information 

should prove he lpful. 

REMOVING AND DISASSEMBLY 

Removing 

These instructions are general and are intended to be a 
guide, in some cases additional preparat ions and pre· 
cautions are necessary. Chock the wheels of the vehicle and 
drain the air pressure from all the reservoirs in the system. 
Drain the engine cooling system and the cylinder head of 
the compressor. Disconnect all air, water and oil lines 
leading to and from the compressor. Remove the drive 
gear(s) or pulley from the compressor crankshaft using a 
gear puller. Inspect the pulley or gear and associated parts 
for visible wear or damage. Since these parts are precision 

titted, they must be replaced if they are worn or damaged. 

DISASSEMBLY 

General 
Remove road dirt and grease trom the exterior of the 

compressor with a cleaning solvent. Before the compressor 
is disassembled, the following items should be marked to 
show their relationship when the compressor is assembled. 
Mark both the front and rear end cover in relation to the 
crankcase. Mark the drive end of the crankshaft in relation 

to the front end cover and the crankcase. Mark the cylinder 
head in relation to the crankcase. Mark the base plate or 
base adapter in relation to the crankcase. 

A convenient method to indicate the above relationship is 
to use a metal scribe to mark the parts with numbers or 
lines. 00 not use a marking method that can be wiped oft 
Of obliterated during reouilding, such as chalk. Remove all 
compressor attachments such as governors, air strainers or 
inlet fittings, di~charge fittings and pipe plugs. 

Cylinder Head 

Remove the six cylinder head cap screw.; and tap the head 
with a soft mallet to break the gasket seal. Remove the inlet 
valve springs from the head and inlet valves from their 
guides in the crankcase. Remove inlet valve guides from 
around the inlet valve seats on the crankcase taking care not 
to damage seats. Scrape off any gasket material from the 
cylinder head and crankcase. Unscrew the discharge valve 
seats from the head and remove the discharge valves and 
springs.. Inspect the discharge valve seats for nicks, cracks, 
and excessive wear and replace if necessary. 

The discharge valve stops should be inspected for wear and 
replaced it excessive peening has occurred. To determine if 
excessive peening has occurred, measure the discharge valve 
travel. Discharge valve travel must not exceed .057 inches. 
To remove the discharge valve stops, support the machined 
surface of the cylinder head on an arbor press bed and 
gently press the stops from the top of the head and out the 
bottom. Be sure to allow sufficient clearance for the stops 
between the press bed and the bottom of the cylinder head. 
The valve stop bores in the cylinder head must be inspected 
for excessive scoring. A new head body must be used if 
scoring is excessive. Discard the inlet valves and springs, the 
discharge valves and springs and the discharge valve seats it 
defective. 

Crankcase Base Plate or Adapter 

Remove the cap screws securing the base plate or base 
adapter. Tap with soft mallet to break the gasket seal. 
Scrape off any gasket materia l from crankcase and plate or 

adapter. 

Connecting Rod Assemblies 

(Note: Before removing the connecting rods, mark each 

connecting rod and its cap. Each connecting rod is matched 



to its own cap for proper bearing fit , and these parts must 
not be interchanged.) Stra ighten the prongs of the connec­
ting rod bolt lock strap and remove the bolts and bearing 
caps. Push the piston with the connecti ng rods attached out 
the top of the cylinders of the crankcase. Replace the bear­
ing caps on their respe<:tive connecting rods. Remove the 
piston rings from the pistons. If the pinons are to be 
removed from the connecting rods, remove the wrist pin 
lock wires or tefloo plugs and press the wrist pins from the 
pistons and connecting rods. 

If the pistons are removed fro m the rod, inspect the bronze 
wrist pin bush ing. Press out and replace the bushing if it is 
c)f;cessively worn. (See inspection of Parts) Discard the 
piston rings and the connecting rod journal bearings. 
Discard the wrist pin bushings if they were removed. 

Crankcase 

Remove the key or keys from the crankshaft and any burrs 
from the crankshaft where the key or keys were removed. 
(Note: Through Drive Compressors may have a crankshaft 
key at both ends.) Remove the fou r cap screws securing 
front or drive-end end cover or flange adapter. Remove the 
end cover, taking care not to damage the crankshaft oil seal 
or front main bearing. if any. Remove both of the small seal 
rings from the crankcase, and the O·Ring from around the 
front end cover. Remove the four cap screws securing the 
rear end cover and remove the rear end cover taki ng care 
not to damage the rear main bearing. if any. Remove both 
of the small seal rings from the crankcase and me D-Ring 
from around the end cover. If the compressor has ball type 
main bearings, press the crankshaft and ball bearings from 
the crankcase, then press the ball bearings from the 
crankshaft. Remove the unloader spring. spring saddle, and 
spring seat from the inlet cavity of the crankcase, using long 
nose pliers. Remove the unloader plungers and guides. 
Cover the in let cavity with a shop rag and apply air pressure 
to the governor mounting pad unloader port to blow the 
unloader pistons out of their bores and into the inlet cavity. 

CLEANI NG OF PARTS 

General 

Al l parts should be cleaned in a good commercial grade 
solvent and dried prior to inspection. 

Cylinder Head 

Remove atl the carbon deposits from the discharge cavities 
and all the rust and scale from the cooling cavities of the 
cyl inder head body. Scrape all the fo reign matter f rom the 
body surfaces and use shop air pressure to blow the dirt 
particles from all the cavities. 

Crankcase 

Oean the carbon and dirt f rom the inlet and unloader 
passages.. Use shop ai r pressure to blow the carbon and dirt 
deposits from the unloader passages. 

Oil Pauages 

Thoroughly clean all oil passages through the crankshaft, 
crankcase, end covers, and base plate or base adapter. 
Inspect the passages with a wire to be sure. Blow the 
loosened foreign matter out with air pressure. 

INSPECTION OF PARTS 

Cylinder Head Body 

Inspect the cylinder head for cracks o r damage. Apply shop 
air pressure to one of the coolant ports with all others 
plugged, and check for leakage by applyi ng a soap solution 
to the exterior of the body. If lea kage is detected, replace 
the head. 

End Covers 

Ched .. for cracks and external damage. If the crankshaft 
main bearings are insta lled in the end cover, check for 
excessive wear and fl at spots and replace them if necessary. 
If the compressor has Bfl oil sea l in the end cover, it should 
be removed by pressing II out of the end cover. 

Cr;mkcasc 

Oleck all crankcase surfaces fo r cracks and damage. On 
compressors v.t.ere ball bearing main bearings are used the 
difference between the 0. 0. of the outer race and the I.D. 
of the crankcase hole should be .0000 in. to .(X)15 in. loose. 
Th is is to maintai n the correct press fit. The crankcase must 
be rep laced if the fit is too loose. 

MEASURING CYLINDER BORES 

Figure 8 
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DISCHARGE VALVE. 
VALVE STOP 

AND SEAT 

Figure 10 

Inlet Valves and Seats 

INLET VALVE 
AND SEAT 

Figure 11 

Inlet valves and springs should be replaced. if the inlet valve 
seats show signs of slight nicks or scratches. They can be 
redressed with a fine piece of emery cloth or by lapping 
with a lapping stone. grinding compound and grinding tool. 
If the seats are damaged to the extent that they cannot be 
reclaimed, they must be replaced. The dimension from the 
top of the cylinder block to the inlet valve seat should not 
exceed. 113 in. nor be less than. 1 01 in. 

ASSEMBLY 

General Note: All torques specified in this manual are 
assembly torques and can be expected to fali off after 
assembly is accomplished. Do not retorque after initial 
assembly torques fall. 

To convert inch pounds of torque to foot pounds of 
torque, divide inch pounds by 12. 

inch pounds '" foot pounds 
12 

To convert foot pounds of torque to inch pounds of 
torque, multiply foot pounds by 12. 

foot pounds x 12'" inch pounds 

Installing the Crankshaft 

Cautionary Note: 

All flange mounted compressors must be assembled without 
a gasket between the crankcase and flange adapter and 
some compressors do not require gaskets 011 the end cover. 
Install the new crankcase gaskets only where they were 
removed during disassembly. In service failure of the 
compressor will occur if gaskets are used in disregard of the 
preceding. 

If the compressor uses a ball type main bearing, press the 
ball bearing onto the correct end of the crankshaft. Position 
the ball bearing and the crankshaft in the crankcase, making 
sure the drive end of the crankshaft is positioned in the 

crankcase as marked before disassembly. Carefully press the 
crankshaft and ball bearing into the crankcase using an 
arbor press. 

In the case of compressors with a front ball bearing, place 
two small seal rings in the counter· sunk holes at the front 
of the crankcase, as well as an end cover gasket. Install the 
front end cover in the proper position as marked betore 
disassembly, taking care not to damage the new oil seal. 

In the case of compressors with a rear bali bearing, place 
two small seal rings in the counter-bore at the rear of the 
crankcase. In one case a gasket is used and in another a 
large a·Ring is placed in the counterbore at the rear of the 
crankcase. These are in addition to the seal rings. Install the 
rear end cover in the proper position as marked before 
disassembly. Since June, 1978, the two small seal rings 
have been increased slightly in cross section and a retaining 
ring added. as shown in Figure 12. 

292437 

OLD 
293346 

NEW 

Figure 12 

In the case of compressors with a sleeve bearing either front 
or rear, place the two small seal rings in the counter-sunk 
holes in the crankcase. Caution: An end cover gasket must 
not be used. Place the Q.Ring seal in the groove around the 
flange adapter or the end cover, and aHix the thrust washer. 
Install the flange adapter or end cover in the proper 
position as marked before disassembly, taking care not to 
damage the sleeve bearing. 

Secure the flange adapter, front or rear end cover to the 
crankcase by tightening the four cap screws. See note below 
for torque. 



DISCHARGE VALVE, 
VALVE STOP 

AND SEAT 
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IN LET VALVE 
AND SEAT 

Figure 11 

Inlet Valves and Seats 

In let valves and springs should be replaced, if the in let valve 
seats show signs of slight nicks or scratches. They can be 

redressed with a fine piece of emery cloth or by lapping 
with a lapping stone, grinding compound and grinding tool. 
If the seats are damaged to the extent that they cannot be 
reclaimed, they must be replaced. The dimension from the 
top of the cylinder block to the inlet valve seat should not 

exceed. 113 in. nor be less than. 1 01 in. 

ASSEMBLY 

General Note : Al l torques specified in this manual are 
asse mbly torques and can be expected to fall oH after 
assembly is accomplished Do not retorque after initial 
assembly torques fa ll. 

To convert inch pounds of torque to foot pounds of 
torque, divide inch pounds by 12. 

inch pou nds '" foot pounds 
12 

To convert foot pounds of torque to inch 
torque, multiply foot pounds by 12. 

foot pounds x 12 .. inch pounds 

Installing the Crankshaft 

Cautionary Note: 

pounds of 

All flange mounted compressors must be asse mbled without 
a gasket between the crankca!.e and flange adapter and 
some compressors do not requ ire gaskets Oil the end cover. 
Install the new crankca!.e gaskets only wtlere they were 
removed during disassembly. In service failure of the 
compressor will occur if gaskets are used in disregard of the 
preceding. 

If the compressor uses a ball type main bearing, press the 
ball bearing onto the correct end of the crankshaft. Position 
the ball bearing and the crankshaft in the crankcase, making 
sure the dr ive end of the crankshaft is positioned in the 

crankcase as marked before disassembly. Carefully press the 
crankshaft and ball bearing into the crankcase using an 
arbor press. 

In the case of compressors with a front bait bearing, place 
two small seal rings in the counter-sunk holes at the front 
of the crankcase, as well as an end cove r gasket. Install the 
front end cover in the proper position as marked before 
disassembly, taking care not to damage the new oil seal. 

In t he case of compressors with a rear ball bearing, place 
two small seal rings in the counter-bore at the rear of the 
crankcase. In one case a gasket is used and in another a 
large O-R ing is placed in the counterbore at the rear of the 
crankcase. These are in addit ion to the seal rings. Install the 
rear end cover in the proper position as marked before 
disassembly. Since June, 1978, the two small seal rings 
have been increased slightly in cross section and a reta in ing 
ring added, as shown in Figure 12. 

292437 

OLD 
293346 

NEW 

Figure 12 

In the case of compressors with a sleeve bearing either front 
or rear, place the two small seal rings in the counter·sunk 
holes in the crankcase. Caution: An end cover gasket must 
not be used. Place the O-Ring seal in the groove around the 
flange adapter or the end cover, and affix the thrust washer. 
Ins ta ll the flange adapter or end cover in the proper 
position as marked before disassembly, taking care not to 
damage the sleeve bearing. 

Secure the flange adapter, front or rear end cover to the 
crankcase by tightening the four cap screws. See note below 
for torque. 
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Note: For cast iron flange adapters, torque the four 7/16 
in. cap screws to 38-45 foot pounds. For die cast aluminum 
end covers, torque the four 7/16 in. cap screws to 25-30 
foot pounds. All end covers using 5/16 in. cap screws or 
stud and nuts are torqued to 15-18 foot pounds. For 
through drive compressors with a cast iron end cover, 
torque the four 7/16 in. cap screws to 25-30 foot pounds. 

Pistons and Connecting Rods 

If new Wrist pin bushings are to be used, they Should be 

pressed into the connecting rods so that the oil hole in the 
bushing lines up with the one in the rod. The new bushings 
shoold then be reamed or honed to provide between .0001 
in. (.00254 mm) and .0006 in. (.01524 mm) clearance on 
the wrist pin. Position the connecting rod in the piston and 

press in the wrist pin. 

Pistons installed in compressors manufactured prior to 

November, 1976, will have the wrist pin secured in the 

piston by a lock wire extending through matching holes in 
wrist pin and piston boss, anchored in a hole in the side 

wall of the piston. If the original pistons are used the wrist 

pin must be pressed in so the hole in the wrist pin aligns 

with that of the piston and secure same by inserting the 

new lock wire through the hole in piston and wrist pin and 

lock the wire by snapping the short 90° section into the 

lock wire hole in the bottom of the piston. 

Compressors built aher November, 1976, will have the 
wrist pin secured by Teflon buttons in either end of the 
wrist pin, allowing the wrist pin to float. The Teflon 

buttons pc. no. 292392 may be used with either new or old 

wrist pins. The later design pistons have two rings above the 

wrist pin and one below. Install the piston rings in the 

correct location with the ring pipmarks up. Stagger the 

position of the ring gaps. Prelubricate the piston, piston 

rings, wrist pins and connecting rod. 

i ~ 
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'@ -UNLOADER MECHANISM 

Figure 13 

Unloader 
A new unloader kit should be usedwhenrebulldmg.(Flgure 

13). (Piece Number 279615). The unloader pistons In the kit 
are prelubricated With a speCial lubrtcant piece number 

239379 and need no addltlonallubncatlon Install the un­
loader pistons tn their bores being careful not to cut the 
o·rings or distort the back · up rings Position the unloader 

plungers in their guides and slip them in and over the tops 

of the pistons. Install the unloader sprmg seal tn the crank­
case tnlet cavity; a small hole IS drilled tn the crankcase for 

thiS purpose . Position the saddle between the unloader 

piston guides. so its forks are centered on the guides. Install 
the un loader spring. making sure it seats over the spring 
seats both in the crankcase and on the saddle. Position and 

install the inlet lIallie gUides, then drop the tnlet vailies In 
thelf gUides. The mlet lIallies should be a loose sliding fit In 

the gUides 
Cylinder Head 

Install the inlet lIallie springs in the cylinder head by 

applying a turning motion to the spring after it is in the 

head. The turning motion should dig the spring wire into 
the spring seat in the bottom of the spring bore in the head. 

Should this procedure fail aher repeated attempts, use a 

very small quantity of grease to hold them in place, just 
enough to keep the springs from falling out. Place the cylin­

der head gasket on the cylinder block. Carefully align the 

cylinder head assembly on the block and install the cap 

screws. tightening them ellenly to a torque of 2~30 foot 
pounds. 

Base Plate or Base Adapter 
Position the base plate or base adapter gasket on the crank· 

case and instaJi the base plate or base adapter as marked 

before disassembly. Tighten the SIX cap screws securing 

the cast iron base adapter evenly to a torque of 38-45 foot 
pounds, and 12-16 foot pounds for base plate or aluminum 

cover. 
Testing Rebuilt Compressor 

In order to properly test a compressor under operating 
conditions, a test rack for correct mounting. cooling. 

lubricating. and driving the compressor is necessary. Such 

tests are not compulsory if the unit has been carefully 

rebuilt by an experienced person. A compressor efficiency 
or build-up test can be run which is not too difficult. An 

engine lubricated compressor must be connected to an oil 

supplV Itne of at leal 15 P.S.1. pressure during the test and 
an oil return l ine must be installed to keep the crankcase 

dramed. 

Connect to the compressor discharge port. a reservoir with 

a volume of 1500 cubic inches, including the volume of 

connecting line. With the compressor operating at 2100 
R.P.M., the time required to raise the reservoir(s) pressure 

from 85 P.5.1. to 100 P.5.I. should not exceed 7 seconds. 

During this test, the compressor should be checked for 

gasket leakage and noisy operation, as well as unloader 

operation and leakage. 



TROUBLE SHOOTING 

Thefollowing is a listing of the most commonly experienced 
compressor deficiencies and their probable causes. 

Excessive build-up and recovery tima: 

1. Dirty intake strainer. 

2 Restrictioo in the compressor inlet Of discharge lines or 
cavities. 

3. Leaking or broken discharge valves. 

4. Drive belt slipping. 

5. Inlet valves worn excessively or stuck open. 

6. Excessive air system leakage. 

7. Excessive .....war on piston rings and/or cylinders. 

Noisy compressor operation: 

1. Loose drive gear or pully. 

2 Excessively worn drive coupling. 

3. Worn or burned out bearings. 

4. Excessive wear. 

5. Improper lubrication to the compressor. 

6. Restrictions in the cylinder head o r discharge line. 

Excessive oil passage: 

1. Dirty air strainer. 

2 A small, kinked, or restricted oil return line. 

3. Back pressure from the engine crankcase. 

4. High inlet vacuum at the compressor. 

5. Defective oil seal or oil seal ring in the end covedsl. 

6. Piston rings improperly installed. 

7. Excessive ring or cylinder .......ear. 

Compressor fails to unload : 

1. Defective or 'NOrn unloader pistons or bores. 

2 Defective governor. 

3. Un loader Irne from governor kinked or the cavity 

beneath the unloade r pistons restricted. 

4. Unloader mechanism binding or kinked. 

INSPECTION OF REBUILT UNIT 

Check to be sure that covers, plugs, or masking tape are 
used to protect all ports if compressor is not to be installed 
immediate ly. Fit the end of all crankshafts with keys, nuts, 
and cotter pins as required and then protect the ends 
aga inst damage by wrapping with masking tape or fr iction 
tape. The open bottom of a vertical engine lubricated 
compressors mould be protected against the entrance of 
dirt during handling or storage, by installing a temporary 
cover over the base. 

, " 

TABULATED DATA 

Number of cylinders 
Bore size 
Stroke 
Piston displacement at 1250 RPM 
Piston displacement per revolution 
Maximum recommended RPM 

Inat ura llyaspirated} 
Minimum coolant flow at maximum 

RPM 
Hor~power required at 3000 RPM 

against 100 PSI head pressu re 

2 
2.625 In. 

1.5010. 
12cu.ft. 
16.5 cu. 10. 
3000 

2. 5 gaL/min . 

4.9 H.P. 
Recommended minimum discharge 5/8 in . 00 

line size Copper Tube 
Recommended minimum oil return 

line size 5/8 in. 00 Tubing 
Recommended minimum oil supply 

line size 1/4 in. 00 Tubing 
Recommended minimum un loader 

line size 1/4 in. 0 0 Tubing 
Recommended min imum inlet 

cavity line size (when compressor 
is connected to engine air cleaner) 5/8 in. ID minimum 

Recommended minimum coolant 
line size 1/2 in. 00 Tubing 

Recommended maximum inlet 
air tem perature 250°F 

Recommended ma ximum discharge 
air temperature 400°F 

Minimum pressure required 
to unload 60 PS I 

COMPLETE FielD MAINTENANCE KIT NO 287043 

Contents of this kit as follows: 

2 
2 
2 
1 
2 
2 

1 

Unloader mechanism ki t 
Inlet valve guides 
Inlet \la lves 
Inlet valve springs 
Cylinder head gasket 
Discharge \lal\les 
Discharge \lalve springs 
Discharge flange gasket 
Inlet flange gasket 
GO\lernor flange gasket 
Filter element 
Instruction sheet 

UNlOADER KIT NO 2796.1 5 

Contents of this kit as follows: 

2 
2 
2 

Plungers 
Guides 
Pistons with O-Ring seals and backup rings 
Spring and one Spring Saddle 

The abo\le parts are pre-packed and lubricated. 
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HeavyVehicle 
Systems Group Service Data 50-01-5 

TU-FLO 700 AIR COMPRESSOR 

DESCRIPTION 

The function of the air compressor is to provide and main­
tain air under pressure to operate devices in the air brake 
and/or auxiliary air systems. 

The Tu-F lo 700 is a two cylinder single stage, reciprocating 
compressor with a rated displacement of 15.5 cubic feet of 
air per minute at 1250 rpm. 

The compressor assembly is comprised of three cast iron 
major sub-assemblies; the cylinder head, the cylinder block 
and the crankcase. 

The cylinder head houses the discharge valving Bnd is 
installed to the cylinder block . The cylinder block houses 
the cylinder bores and inlet valves and is installed to the 

crankcase. The crankcase houses the crankshaft and main 
bearings. 

The Tu-Flo 700 compressor is available in various mounting 
and drive configurations as required by engine designs. Two 
(2} convenient governor mounting pads are provided on the 
block. 

The cylinder head and block are cooled by coolant routed 
to the compressor from the engine cooling system. 

Lubrication for the internal parts of the Tu·Flo 700 
compressor is provided by the engine's pressurized oil 
system. 

A nameplate, identifying the compressor piece number and 
serial number, is attached to the side of the crankcase. A 
nameplate with a black background denotes a new compres· 
sor and a red background designates a factory remanu· 
factured unit. 

OPERATION 

The compressor is driven by the vehicle engine and is 
operating continuously while the engine is running. Actual 
compression of air is controlled by the compressor un­
load ing mechanism and the governor. The governor is 
generally mounted on the compressor and maintains the 
brake system air pressure to a preset maximum and 
minimum pressure level. 

INTAKE AND COMPRESSION OF AIR (LOADED) 

During the down stroke of the piston, a slight vacuum is 
created between the top of the piston and the head, causing 
the inlet valva to move up and off its seat. (Note: The 
discharge valve remains on its seat.) Atmospheric air is 
drawn through the air strainer by the open inlet valve and 
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into the cylinder (see Fig. 1\. As the piston begins its 
upward stroke, the air that was drawn' into the cylinder on 
the down stroke is being compressed. Air pressure on top of 
the inlet valve plus the force of the inlet spring, returns the 
inlet valve to its seat. The piston continues the upward 
stroke and compressed air then flo\iVS by the open discharge 
valve, into the discharge line and on to the reservoirs (see 
Fig. 2}. As the piston reaches the top of its stroke and starts 
down, the discharge valve spring and air pressure in the 
discharge line 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 com­
pression cycle is repeated. 
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FIGURE 1 

INTAKE 
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COMPRESSION FIGURE 2 

NON·COMPRESSION OF AIR (UNLOADED) 

When ai r pressure in the reservoir reaches the cut-out set· 
ting of the governor, the governor allows 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 (see Fig. 3). 

With the inlet valves held off their seats by the unloader 
piStOflS and plungers, air is pumped back and forth between 
the two cylinders. When air is used from the reservoir and 
the pressure drops to the cut·in setting of the governor, the 
governor closes and exhausts the air from beneath the 
unloader pistons. The unloader saddle spring forces the 
saddle, pistons and plungers down and the inlet valves 
re turn to their seats. Compression is then resumed. 
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FIGURE 3 UNLOAO I HG 

LUBRICATION 

The vehicle's engine provides a continuous supply of oil to 
the compressor. Oil is routed from the engine to the 
compressor oil inlet. An o il passage in the compressor 
crankshaft allows oil to lubricate the connecting rod crank· 
shaft bearings. Connecting rod wrist pin bushings and 
crankshaft ball bearings are splash lubricated. An oil return 
line connected from the compressor drain outlet to the 
vehicle engine crankcase allows for oil return. 

COOLING 

Air flow ing through the engine compartment from the • 
action of the engine's fan and the movement of the vehicle 
assists in cooling the crankcase. Coolant flowing from the 
engine's cool ing system through connecting li nes enters the 
compressor and flows through the internal passages in the 
cylinder block and head and is returned back to the engine. 
Proper cooling is important in maintain ing discharge ai r 
temperatures below the maximum recommended 4(XtF. 

PREVENTIVE MAINTENANCE 

De pending upon the type air strainer and on the operating 
conditions and experience, service the air strainer as 
follows: 

Sponge type: Clean or replace element every 5000 miles 
o r 150 operating hours. 

Paper Element: Replace every 20,000 miles or 800 
operating hours 

POLYURETHANE SPONGE STRAINER 

Remove and wash all of the parts. The strainer element 
should be cleaned or replaced. If the element is cleaned, it 
should be washed in a commercial solvent or a detergent 
and water solution. The element should be saturated in 
clean enigne oil, then squeezed dry before replacing it in 
the straine r. Be sure to repl ace the air strainer gasket if the 
entire air strainer is removed from the compressor intake . 

DRY ELEMENT - PLEATED PAPER AIR STRAIN ER 

Remove the spring clips from either side of mounting baffle 
and remove the cover. Replace the pleated paper filter and 
remount the cleaned cover, making sure the filter is in posi · 
tion. Be sure to replace the air strainer gasket if the entire 
air strainer is removed from the compressor intake. 

NOTE : Some compressors are fitted with compressor 
intake adapters, which allow the compressor intake to be 
connected to the engi ne air cleaner. In this case, t he 
compressor receives a supply of clean air from the engine 
air cleaner. When the engine air filter is changed, the com· 
pressor intake adapter should be checked. If it is loose, 
remove the intake adapter, cl ean the strainer plate, if 
applicable, and rep lace the intake adapter gasket, and re­
install the adapter securely. Check line connections both at 
the compressor intake adapter and at the engine air cleaner. 
Inspect the connecting line for ruptures and replace it if 
necessary. 

EVERY 6 MONTHS, 1800 OPERATING HOURS OR 
AFTER EACH 50,000 Ml LES 

Remove the discharge fitti ngs and inspect the compressor 
discharge port and discharge li ne for excessive carbon 
deposits. If excessive buildup is noted in either, the dis· 
charge line must be cleaned or replaced and the compressor 
checked more thoroughly. Carefully inspect the air indue· 
tion system, oil supply and return system. If necessary, 
repair or replace the compressor. Depending upon type of 

• 



• 

drive, check for proper belt and pullev alignment and belt 
tension. Adjust if necessary. paying special attention not to 
over·tighten the belt tension. Check for noisy compressor 
operation, which could indicate a worn drive gear coupling 
or a loose pulley. Adjust and/or replace as necessary. Check 
all compressor mounting bolts and retighten evenly it 
necessary. Check for leakage and proper unloader mechan­
ism operation. Repair or replace parts as necessary. 

EVERY 24 MONTHS, 7200 OPERATING HOURS OR 
AFTER EACH 200,000 MILES 

Perform a thorough inspection, and depending upon the 

results of this inspection or experience, disassemble the 
compressor, clean and inspect all parts thoroughly. repair or 
replace all worn or damaged parts using only genuine 
Bendix replacements or replace the oompressor with a 
genuine Bendix remanufactured unit. 

IMPORTANT: Should it be necessary to drain the engine 
cooling system to prevent damage from freezing, the 
cylinder head of the compressor must also be drained. 

GENERAL SERVICE CHECKS 

INSPECTION 

It is of the utmost importance that the compressor receives 
a clean supply of air. The air strainer must be properly 

installed and kept clean. If the compressor intake is 
connected to the engine air cleaner, this connection must 
be properly installed and maintained. Check the compressor 
mountings to be sure they are secure. Check the drive for 
proper alignment, belt tension, etc. 

Inspect the oil supply and return lines. Be sure these lines 
are properly installed and that the compressor is getting the 
proper supply of oit, and just as important, that the oil is 
returning to the engine. Check the coolant lines to and 
from the compressor. Check the un loader mechanism for 
proper operation. 

OPERATING TESTS 

Vehicles manufactured after the effective date of FMVSS 
121, with the minimum required reservoir volume, must 
have a compressor capable of raising air system pressure 
from 85-100 psi in 25 seconds or less. This test is 
performed with the engine operating at maximum recom­
mended governed speed. The vehicle manufacturer must 
certify this performance on new vehicles with appropriate 
allowances for air systems with greater than the minimum 
required reservoir volume. 
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AI R LEAKAGE TESTS 

Leakage past the discharge valves can be detected as 
folloVv'5: Remove the discharge 11 m! and cylinder head from 
the compressor and apply shop air back through the dis· 
charge port. Coat the discharge valve seats with soapsuds. 
Bubble leakage is permitted. 

The unloader pistons can be checked for leakage as follows: 
Build up the air system to governor cut·out and shut off 
engine. Listen for escaping air at the compressor intake. To 
pinpoint leakage, apply a small amount of oil around the 
un loader pistons. No leak.age permitted. 

If the compressor does not function as described above, or 
leakage is excessive, it is recommended that it be returned 
to the nearest authorized Bendix distributor for a factory 
remanufactured compressor. If this is not pc>sible, the 
compressor can be repaired using genuine Bendix replace· 
ment parts, in which case, the following information should 
prove helpful. 

REMOVING AND DISASSEMBLY 

REMOVING 

These instructions are genera l and are intended to be a 
guide; in some cases additional preparations and pre· 
cautions are necessary. O1ock the \"ItIeels of the vehicle and 
drain the air pressure from all the reservoirs in the system. 
Disconnect all air, water, and oil lines leading to and from 
the compressor. Remove the drive gear(s) or pulley from 
the compressor crankshaft using a gear puller. Inspect the 
pulley or gear and associated parts for vis ible wear or 
damage. Since these parts are precision fitted, they must be 
replaced if they are worn or damaged. 

DISASSEMBLY 

GENERAL 

Remove road dirt and grease from the exterior of the com· 
pressor with a cleaning solvent. Before the compressor is 
disassembled, the following items should be marked to 
show their relationship when the compressor is assembled. 
Mark both the front and rear end cover in relation to the 
crankcase. Mark the drive end of the crankshah in relation 
to the front end cover and the crankcase. Mark the cylinder 
head in relation to the block and the block in relation to 
the crankcase. Mark the base plate or base adapter in rela· 
tion to the crankca$e. 

A convenient method to indicate the above relationships is 
to use a metal scribe to mark the parts with numbers or 
lines. Do not use a marking method such as chalk that can 
be wiped oH or obliterated during rebuilding. Remove all 
compressor attachments such as governors, air strainers or 
inlet fittings, discharge fittings and pipe plugs. 

CYLINDER HEAD 

Remove the cylinder head cap screws and tap the head with 
a soft mallet to break the gasket seal. Remove the inlet 
valve springs from the head and inlet valves from their 

guides in the block. Scrape off any gasket material from the 
cylinder head and block. Unscrew the discharge valve seat 
from the head and remove the springs, guide and discharge 
valve. Inspect the discharge valve seats for nicks, cracks, and 
excessive wear, and replace if necessary. The discharge valve 
cap nut/stop should be removed and inspected for wear and 
replaced if excessive peening has occurred. To determine if 
excessive peening has occurred, measure the discharge valve 
travel. Discharge valve travel must not exceed .046 in. If 
discharge travel is excessive, replace cap nut/stop assembly, 
discharge valve and spring. 

CYLINDER BLOCK 

If compressor is fitted with an air strainer, inlet elbow or 
governor, remove same. 

Remove cap screws securing cylinder block to crankcase; 
separate crankcase and cylinder block and scrape off gasket. 

Remove u nloader spring, spring saddle and spring seat from 
cylinder block. 

Remove unloader gu ides and plungers and with the use of 
shop air blow unloader pistons out of cylinder block un· 
loader piston bores. 

Remove inlet valve guides; inlet valve seats can be removed 
but only if they are worn or damaged and are being 
replaced. Unloader bore bushings should be inspected but 
not removed unless they are damaged. If bushings are to be 
replaced, they can be removed by running a l/B in. pipe 
threaded rod and pulling the bushing straight up and out. 
Do not use an "easy·out" for removing the bushings. 

CRANKCAS E BASE PLATE 

Remove the cap screws securing the base plate. Tap with 
soft mallet to break the gasket seal. Scrape off any gasket 
material from crankcase and plate. 

CONNECTING ROD ASSEMBLIES 

NOTE: Before removing the connecting rods, mark each 
connecting rod and its cap. Each connecting rod is matched 
to its own cap for proper bearing fit, and these parts must 
not be interchanged. 

Remove the bolts and bearing caps. Push the piston with 
the connecting rods attached out the top of the cylinders of 
the block. ReplaCi! the bearing caps on their respective 
connecting rods. Remove the piston rings from the pistons. 
If the pistons are to be removed from the connecting rods, 
remolle the teflon buttons and press the wrist pins from the 
pistons and connecting rods. 

If the pistons are removed from the rod, inspect the wrist 
pin bushing. 

FOR STEE L CONNECTING RODS ONLY - if wrist pin 
bushing is warn, press out and replace. Ream so that clear· 
ance between the wrist pin bushing and wrist pin should be 

between .0002 in. and .0007 in. 
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FOR ALUMINUM CONNECTING RODS ONLY - if wrist 
pin bushing is worn, discard rod assembly and replace with 
a new connecting rod assembly. 

CRANKCASE 

Remove the key or keys from the crankshaft and any burrs 
from the crankshaft where the key or keys were removed. 
(NOTE: Through drive compressors may have a crankshaft 
key at both ends.) Remove the end covcr(s). taking care not 
to damage the crankshaft oil seal or front main bearing, if 
any. Remove end cover gasket(s) and oi l seal(s) . Replace oil 
seal after cleaning end cover(sl. Press the crankshaft and 
bearings from crankcase. and press bearings tram 
crankshaft. 

CLEANING OF PARTS 

GENERAL 

All parts should be cleaned in a good commercial grade 
solvent and dried prior to inspection. 

CYLINDER HEAD 

Remove all the carbon deposits from the discharge cavities 
and all the rust and scale from the cooling cavities of the 
cylinder head body. Scrape all the foreign matter from the 
body surfaces and use shop air pressure to blow the din 
particles from all the cavities. 

CYLINDER BLOCK 

Clean the carbon and dirt tram the inlet and un loader 
passages. Use shop air pressure to blow the carbon and dirt 
deposits from the unloader passages. 

OIL PASSAGES 

Thoroughly clean all oil passages through the crankshaft, 
crankcase, end covers, and base plate or base adapter. 
Inspect the passages with a wire to be sure they are clear. 
Blow the loosened foreign matter out with air pressure. 

INSPECTION OF PARTS 

CYLINDER HEAD BODY 

Inspect the cylinder head for cracks or damage. Apply shop 
air pressure to one of the coolant ports with all others 
plugged, and check for leakage by applying a soap solution 
to the exterior of the body. If leakage is detected, replace 
the head. 

END COVERS 

Check for cracks and external damaga. If the crankshaft 
main bearings (sleeve) are installed In the end cover, check 
for excessive wear and flat spots and replace them if ncces­
!.SlY. If the compressor has an oil seal in the end cover, it 
should be removed by pressing it out of the end cover. 

CRANKCASE 

Check all crankcase surfaces for cracks and damage. 01" 
compressors where ball bearing main bearin\js are used, the 

difference between the 0.0. of the outer race and the 1.0. 
of the crankcase hole should be.oooo in. to .0015 in. loose. 
This is to maintain the correct press fit. The crankcase must 
be replaced if the fit is too loose. 

On compressors fitted with precision, sleeve main bearings, 
the difference between the 0.0. of the crankshaft ;curnal 
and the main bearing 1.0. must not exceed .005 in. If the 
clearance is greater than .005 in., the end cover or main 
bearing must be replaced. 

CYLINDER BLOCK 

Check the unloader bore bushlnliS to be sure they are not 
worn. rusted. or damaged . If these bushings are to be 
replaced. they can be remO'/ed by running a 1/8 in. pipe 
thread tep into the bushings, and inserting a 1/8 in. pipe 
threaded rod and pulling the bushing straight up and out. 
Do not use an "easy-out" tor 'emoving these bushings. If 
the inlet valve seats ere worn or damaged, so they cannot be 

reclaimed by tacing, they should be replaced. Cylinder 
bores which are :>cored or out of round by more than .001 
in. should be rebored or honed oversize. Oversized pistons 
and piston rings are available in .010 in., .020 In. and .030 
in. oversizes. Cylinder bores must be smooth. straight and 
round. Clearance between the cast iron pistons and cylinder 
bores should be between .002 in. minimum and .004 in. 
maximum. 

PISTONS 
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Check the p istons for scores, cracks, or enlarged ring 
grooves; replace the pistons if any of these conditions are 
found. Measure each piston With a micrometer in relation 
to the cylinder bore diameter to be sure the diametral clear· 
ance IS between .002 in. minimum and .004 in. maximum . 



Check the fit of the wrist pins to the pistons and con­
necting rod bushings. The wrist pin should be :I light press 
fit in the piston. If the wrist pin is a loose fit, the piston 
and pin assembly should be replaced. Check the fit of the 
wrist pin in the connecting rod bushing by rocking the 
piston. This clearance should not exceed .0007 in .. If exces­
sive clearance is found: 

FOR STEEL CONNECTING RODS ONLY - press out 
wrist pin and replace. Ream so that clearance between wrist 
pin bushing and wrist pin should be between .0002 in. and 
. 0007 in. 

FOR ALUMINUf.."' CONNECTING RODS ONLY - discard 
rod assembly and replace with a new connecting rod 
assembly. 

-Check the fit of the piston rings in the piston ring grooves. 
Oleck the ring gap with the rings installed in the cylinder 
bores. Refer to Fig. 5 for correct gap and groove clearance. 

CRANKSHAFT 

Check the crankshaft threads, keyways, ends and all 
machined and ground surfaces for vvear, scores, or damage. 
Standard crankshah journals are 1.1250 in.·1.1242 in. in 
diameter. If the crankshaft journals are e}..cessively scored 
or worn, or out of round, the crankshaft must be replaced. 
Connecting rod bearing inserts are available in .0lD in., .020 
in., and .030 in. undersizes for compressors with reground 
crankshafts. 

FOR BALL BEARINGS - main bearing journals must be 
maintained so ball bearings are a snug fit. If snug fit does 
not exist, the crankshaft should be replaced. 

FOR SLEEVE BEARINGS - clearance between crankshaft 
journa l must not exceed .005 in. If clearance is excessive, 
the sleelle bearing and crankshaft should be replaced with 
appropriate undersize parts. 

If crankshafts are fitted with oil seal rings, the oil seal ring 
groove or grOOlles must not be worn. The ring groove walls 
must ~ave a good finish and they must be square. Check to 
be sure the oil passages are open through the crankshaft. 

CONNECTING ROD BEARINGS 

Used bearing inserts must be replaced. Connecting rod caps 
are not interchangeable. The locking slots of the connecting 
rod and cap should be positioned adjacent to each other. 
Clearance between the connecting rod journal and the con­
necting rod bearing must not be less than .0003 in . or more 
than .0021 in. after rebuilding . 

REPAIRS 

DISCHARGE VALVES, VALVE STOPS AND SEATS 

If the discharge vallie seats merely show signs of slight wear, 
they can be dressed by using a lapping stone, grinding 
compound and grinding tool. Install the new discharge vallie 
springs and valves. Screw in the discharge valve seats. Dis· 
charge vallie travel should be between .030 in. to .046 in. 

7-IR 

To test for leakage by the discharge valves, apply 100 psi to 
the cvlinder head discharge port and apply a soap solution 
to the discharge vailles and seats. Leak3ge in the form of 
soap bubbles is permissible. If excessive leakage is found, 
lealle the air pressure applied and with the use of a fibre or 
hardwood dowel and a hammer, tap the discharge valves off 
their seats several times. This will help the valves to seat and 
should reduce the leakage. With the air pressure still applied 
at the discharge port of the cylinder head, check for leakage 
around the discharge vallie cap nut on the top of the 
cylinder head casting. No leakage is permitted . 

INLET VALVES AND SEATS 

Inlet vailles and springs should be replaced. If the inlet lIalve 
seats show signs of slight nicks or scratches, they can be 
redressed with a fine piece of emery cloth or by lapping 
with a lapping stone, grinding compound and grinding tool. 
If the seats are damaged to the extent that they cannot be 

reclaimed, they must be replaced. The dimension from the 
top of the cylinder block to the inlet valve should not 
exceed.l 1 3 in. nor be less than .101 in. 

ASSEMBLY 

GENERAL NOTE: All torques specified in this manual are 
assembly torques and typically can be expected to fall off 
after assembly is accomplished. DO NOT RE-TORQUE 
after initial assembly torques fall. 

To convert inch pounds of torque to foot pounds of 
torque, divide inch pounds by 12. 

inch pounds 
12 '" foot pounds 

To convert foot pounds of torque to inch pounds of 
torque, multiply foot pounds by 12. 

foot pounds x 12 '" inch pounds 

INSTALLING CRANKSHAFT 

If the crankshah is fitted with oil seal rings, install rings. 
Position ball bearing(s) and crankshaft in crankcase, making 
certain the drive end of the crankshaft is positioned in the 
crankcase as marked before disassembly. 

If one end of the crankcase is counterbored for a ball bear· 
ing, make certain the crankshaft is installed through the 
correct end of the crankcase. Carefully press the crankshah 
and bearings into the crankcase. 

Position a new r.ear end COlier gasket over the rear end of 
the crankcase, making certain the oil hole in the gasket lines 
up with the oil hole in the crankcase. Install end cover with 
oil seal ring (if used) on crankcase. The end cover should be 

positioned correctly in relation to the oil holes in the gasket 
and crankcase. Install cap screws with lock washers and 
torque to 175-225 inch pounds. 

If the opposite end cover requires an oil seal, the new seal 
should be pressed into the end cover. Install a new end 
cover gasket and carefully install end colier alief crankshaft 
and to crankcase to alloid damage to seal. Install cap screws 
and lock washers and torque to 175-225 inch pounds. 
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PISTONS AND CONNECTING AODS 

If new wris t pin bushin~ afe to be used (steel rods only) 

they should be pressed into the connecting rods so that the 
oil hole in the bushing lines up with the one in the rod. The 

new bushings should then be reamed or honed to provide 
between .0002 in. and .0007 in. clearance on the wrist pin. 
Position the connecting rod in the piston and install a 

teflon button on each side of the piston. Install the piston 

rings in the correct location with the fing pip-marks up. 
Stagger the position of the ring gaps. Pre lubricate the 
piston, piston rings, wrist pin, and connecting rod bearings 

with clean engine oil before installing them in the 

compressor. Remove the connecting bolts and bearing and 
bearing cap from one connecting rod . Turn the crankshaft 
so that one of its connecting rod journals is in the down· 
ward, Cilnter poSition. Install the crankshaft journal bearing 
segments in the connecting rod and connect the rod cap. 
Insert the connecting rod with piston through the top of 
the cylinder. Position and attach the bearing cap to the 
connecting rod. Tighten the connecting rod bolts evenly 
and torque to 125·140 inch pounds. Install the other 
connecting rod and piston in the same manner. It is 
recommended that new connecting rod cap screws be used. 
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UNLOADER 

A new unloader kit should be used when rebuilding (piece 
number 279515). The un loader pistons in the kit are pre· 
lubricated with a special lubricant (piece number 239379) 
and do not require additional lubrication. Install the 
unloader pistons in their bores, being careful not to cut the 
O-Rings or distort the back·up rings. Position the unloader 
plungers in their guides and slip ~hem in and over the tops 
of the pistons. Install the unloader spring seat in the 
cyl inder block inlet cavity; a small hole is drilled in the 
block for th is purpose. Position the saddle between the 
unloader p is ton guides, so its forks are centered on the 
guides. Install the unloader spring, making sure it seats over 
the spring ~ats both in the bll)Ck and on the saddle. Posi · 
tion and install the inlet valve guides, then drop the inlet 
valves in their guides. There should be a loose sliding fit 
between the guides and valves. 

CY LI ND ER HEAD 

Install the inlet valve springs in the cyl inder head by 
applying a turning mot ion to the spring after it is in the 
head. The turning motion should dig the spring wire into 
the spring seat in the bottom of the spring bore in the head. 
Should this procedure fail after repeated attempts, use a 
very small quantity of grea~ to hold them in place (just 
enough to keep the springs from falling out). Place the 
cylinder head gasket on the cylinder block. Carefully align 
the cy linder head assembly on the block and install the cap 
screws, tightening them evenly to a torque of 175·225 inch 
pounds. 

BASE PLATE 

Position the base plate 9C1sket on the crankcase and install 
the base plate or base adapter as marked before dis· 
assembly. Tighten cap screm securing the base plate to J 

torque of: 

1/4·20 hex hd.· 85 to 115 inch pounds 
5/ 16·18hex hd ·95to 125 inch pounds 

TESTIN G REBUILT COMP RESSOR 

In order to properly test a compressor under operating 
conditions, a test rack for correct mounting, cooling, lubri· 
cating, and driving the compressor is necessary. Such tests 
are not compulsory if the unit has been carefullv rebuilt by 
an experienCild person. A compressor eff iciency or build·up 
test can be run as follows: An engine lubricated compressor 
must be connected to an oil supply line of at least 15 
pounds pressure duri ng the test and an oil return li ne must 
be installed to keep the crankcase drained. 

Connect to the compressor discharge port, a reservoi r with 
a volume of 1500 cubic inches , including the volume of 
connecting line. With the compressor operating at 2100 
rpm, the time required to raise the reservoir pressure from 
85 psi to 100 psi should not exceed 5 seconds. During this 
test, the compressor should be checked for gasket leakage 
and noisy operation, as well as unloader operation and 
leakage. 

INSPECTI ON OF REBU ILT UN IT 

Check to be sure that covers, plugs, or masking 'ape are 
used to protect all ports if compressor is not to be installed 
immediately. Fit the end of all crankshafts with keys, nuts, 
and cotter pins as required and then protect the ends 
against damage by wrapping with masking tape or friction 
tape. The open bottom of a vertical engine lubricated 
compressor should be protected against the entrance of dirt 
during handling or storage, by installing a temporary cover 
over the base. 

7- 19 
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TU·FLO 700 COMPRESSOR 

SPECIFICATIONS 

Number of cylinders 
Bore size 
Stroke 
Displacement@ 1250 RPM 
Maximum recommended RPM 
Minimum coolant flow at maximum RPM 
Recommended maximum inlet temp. 
Recommended maximum discharge temp. 
Minimum pressure requi red to unload 

2 
2.75" 
1.81 " 

15.5 CU. FT. 
3000 

2.5 GAL/MIN. 
250"F 
400"F 
60 PSI 

Recommended air induction 
Weight 

naturally aspirated only 
46 Ibs. (approx.) 

RECOMMENDED CONNECTING LINE SIZES 

Discharge line 
Inlet line (when connected to 
engi ne air clea ner) 

Oil supply line 
Oil return line 
Un loader l ine 
Coolant li nes 

5/S" 0.0. Min. copper tube 

5/8" 1.0. Min. 
1/4" 0.0. tubing 
5/8" 0.0. tubing 
1/4" 0 .0. tubing 
1/2" 0.0. tubing 

IMPORTANT! PLEASE READ 

When working on or around air brake systems and com­
ponents, the following precautions should be observed: 

1. Always block vehicle wheels. Stop engine when 
working under a vehicle. Depleting vehicle air system 
pressure may cause vehicle to roll. Keep hands away 
from chamber push rods and slack adjusters; they 
may apply as system pressure drops. 

2. Never connect or disconnect a hose or line con­
taining air pressure . It may whip as air escapes. 
Never remove a component or pipe plug unless you 
are certain all system pressure has been depleted. 

3. Never exceed recommended air pressure and always 
wea r safety glasses when working w ith air pressure. 
Never look into air jets or direct them at anyone. 

4. Never attempt to disassemble a component until you 
have read and understand recommended pro­
cedures. Some components contain powerful 
springs and injury can result if not properly disas­
sembled. Use only proper tools and observe all 
precautions pertaining to use of those tools. 

COMPRESSOR TROUBLESHOOTING CHART 
SYMPTOMS 

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

CAUSE 

A. Restricted air intake. 

B. Restricted oil return 
(to engine ). 

C. Poorly filtered inlet air. 

REMEDY 

A. Check engine or compressor air cleaner and 
replace if necessary. 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/ B". 
Recommended maximum air inlet restriction 
is 25" of water. 

B. Oil return to the engine should not be in 
any way restricted. Check for excessive 
bends, kinks, and restrict ions in the oil 
return line. Minimum recommended oil 
return line size is 5/ 8" 0.0. tubing or 
equivalent 1. 0. (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 surlaces are 
unobstructed and aligned. Special care 
must be ta ken when sealants are used with, 
or instead of , gaskets. 

C. Check for damaged, defective or dirty air 
filter on engine or compressor. Check for 
leaking, damaged or defective compressor 
air intake components (i.e., induction line, 
fittings, gaskets, fi lter bodies, etcL The 
compressor intake should not be connectec. 
to any part of the exhaust gas recirculation 
IE.G.A.I sv.c::IPm on tn<> "' ........ ino 



, SYMPTOMS CAUSE REMEDY 

D. Insufficient compressor D. For air-cooled compressor or air-cooled 
cooling (compressor runs portions of the compressor: 
holl. 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 . 

3. Air-cooled compressors should not be 
used on engines equipped with fan 
clutches. 

Fo' water-cooled compressor m water-
cooled portions of the compressor: 

1. Check for proper coolant line sizes. 
Minimum recommended size is 1/ 2" 
0.0. tubing. 

2. Check the coolant flow through the 
compressor. Minimum allowable flow is 
2.5 gallons per minute at engine 
governed speed. If low coolant flow is 
detected, inspect the coolant lines and 
fitt ings for accumulated rust scale, kinks 
and restrictions, 

3. Water temperature should not exceed 
200 0 F. 

•• Optimum cooling is achieved when 
engine coolant flows into the com-
pressor cylinder block at one end and 
out the compressor cylinder head at the 
opposite end. 

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 an F. Vehicle system leakage should not exceed 
excessive amount of time. industry standards of 1 psi pressure drop 

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 crankcase G. Test for excessive engine crankcase 
pressu re. pressure and replace or repair crankcase 

ventilation components as necessary. (An 
indication of crankcase pressure is a loose 
or partially lifted dipstick I 

H. Excessive engine oil H. Check the engine oil pressure w ith a test 
pressure. gauge and compare the reading to the 

engine specifications. Bendix does no t 
recommend restricting the compressor oil 
supply line because of the possibility of 
plugging the restrict ion with oil 
contaminants. Minimum oil supply line size 
is 1/4" 0.0. tubing. 



SYMPTOMS 

2. Noisy compressor operations. 

3. 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 
downsize the original 
equipment I;ompressor. 

CAUSE 

I. Faliity compressor. 

A. Loose drive gear or pulley. 

B. Excessively worn drive 
couplings or gears. 

C. Compressor cylinder head or 
discharge line restrict ions. 

D. Worn or burned out 
bearings. 

E. Fau lty compressor. 

A. Dirty induction air filter. 

B. Restricted induction line. 

C. Restricted discharge line or 
compressor discharge cavity. 

REMEDY 

I. Replace or repair the compressor only after 
making certain none of the preceding 
installation defects exist. 

A. Inspect the fit of the drive gear on pulley 0 
the compressor crankshaft. The pulley on 
gear must be completely seated and the 
crankshaft nut must be tight. If the 
compressor crankshaft surface or its keyway 
are damaged, it is an indication of loose 
drive components. If damage to the 
compressor crankshaft is detected, replace 
the compressor or the crankshaft . When in­
stalling the drive gear or pulley, torque the 
crankshaft nut to 100 foot pounds. DO NOT 
BACK OFF THE CRANKSHAFT NUT TO 
ALIGN THE COTTER PIN AND 
CASTELLATED NUT. (Some compressors 
do not use castellated nuts.) 00 NOT USE 
IMPACT WRENCHES. 

B. Inspect drive gear and couplings and engine 
for excessive wear. Replace as necessary. 
(Non-metallic gears should be replaced 
when the compressor is changed.) 501 drive 
gear should be metal-type on Detroit Diesel 
engine. 

• 

C. 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 (0) 

under Symptom #1.) Inspect the discharge 
line for kinks and restr ictions . Replace 
dischage line as necessary. 

D. Check for proper oil pressure in the 
compressor . M inimum required oil pres­
sure; 5 psi engine idling, 15 psi maximum 
governed engine rpm. Check for excessive 
oil temperature-should not exceed 240 0 F. 

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

A. Inspect engine or compressor air filter and 
replace if necessary. 

B. l:lspeCl the compressor air induction line for 
for kinks and restrictions and 
replace as necessary. 

C. 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. 

! 
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SYMPTOMS 

• 

• 

4. Compressor fails to unload . 

• 5. Compressor leaks oil. 

CAUSE REMEDY 

D. Slipping drive components. D. Check for faulty drive gears and couplings 
and replace as necessary. Check the condI­
tion of drive belts and replace or tighten. 
whichever is appropriate. 

E. Excessive air system leakage. E. Test for excessive system leakage and repair 

F. Sticking unloader pistons 
and plungers. 

G. Faulty compressor. 

A. Faulty governor or governor 
installation. 

B. Faulty or worn unloader 
pistons or bores. 

A. Damaged mounting gasket. 

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 for Pre-1975 vehicles 
should not exceed: 

1. 4 psi for a Single vehicle. 

2. 6 psi for a tractor trailer. 

3. 10 psi for a tractor and 2 trailers. 

The pressure drop for Post-1975 vehicles 
should not exceed: 

1. 2 psi in each reservoir for a single 
vehicle. 

2. 6 psi in each reservoir for a tractor and 
trai ler. 

3. 8 psi in each reservoir for a tractor and 2 
tra ilers. 

F. Check the operation of the unloading 
pistons in the inlet cavity of the com­
pressor. 80th 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 
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 . 

G. Replace or repair the compressor after 
determining none of the preceding 
installation defects exist. 

A. 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. 

8. Inspect for worn. dirty or corroded un loader 
pistons and their cylinder block bores. 
Replace as necessary. 

A. Check the compressor mounting bolt 
torque. If the mounting bolt torque is low, 
replace the compressor mounting gasket 
before retorquing the mounting bolts. 
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SYMPTOMS CAUSE REMEDY 

a. Cracked crankcase, cylinder a. Visually inspect the compressor exterior 
block or end cover. 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. 

C. Loose end cover or cylinder C. Check the cap screw torques and tighten 
block cap screws. as necessary. 

D. Loose oil supply or return D. Check the torque of external oil line 
line fittings. fittings and tighten as necessary. 

E. Porous comp ressor casting. E. Replace the compressor if porosity is 
found. 

F. Mounting f lange or end F. Replace as necessary. 
cover. O-Ring or gasket -
missing, cut, or damaged . 

6. Compressor constantly cycles A. Leaking compressor A. Remove the compressor inlet air stra iner 

(compressor remains unloader pistons. or fitting. With the compressor unloaded 
unloaded for a very short (not compressing air), check for air 

time.) leakage around the un loader pistons. 
Replace as necessary . 

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

C. Excessive system leakage. C. Test for excessive system leakage as • instructed in Symptom 3, Remedy E. 
Reduce leakage wherever possible . 

D. Excessive reservoir D. Drain reservoirs. 
contaminants. 

7. Compressor leaks coolant. A. Improperly installed plugs A. Check torque of fitt ings and plugs and 
and coolant line f ittings. tighten as necessary. Over-torque fittings 

and plugs can crack the head or block 
casting. 

a. Freeze cracks due to B. Test anti-freeze and strengthen as 
improper anti-freeze necessary. Check coolant flow through 
strength. compressor to assure the proper anti-freeze 

mixture reaches the compressor. 

C. Faulty compressor (porous C. If casting porosity is detected, replace 
castings). the compressor. 

8. Compressor head gasket A. Restricted discharge line. A. Clear restriction or replace line. 

fai lure. 

a. Loose head bolts. a. Tighten evenly to a torque of 25-30 foot 
pounds. 

C. Faulty compressor or head C. Check for roug h or poorly machined 
gasket. head or block surfaces. Replace necessary 

components. 
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General Information 

The 4.5" bore, V8 (Direct Injection) Engine can be 
reconditioned to provide performance characteristics 
comparable to a new engine. The reconditioned engine 
Will operate satisfactorily If certain recondilioning 
precautions are observed . 

Performance and oil control comparable to a new 
engine can be obtained only if the necessary 
machining is done to the required Specifications . 
Cylinder block reconditioning requires an automatic 
honing machine to control size, surface finish and 
cross hatch pattern of the cylinder bores A manually 
operated hone does not give satisfactory results and is 
not recommended . 

To facilitate reconditioning, pistons and rings are 
available 0.51 mm (.020 in) and 1.02 mm (.040 in) 
overSize 

Connecting rods and main bearings are available 0.25 
mm (.010 in), 051 mm (020 In) and 1.27 mm (OSO in) 
undersize. 

Main bearings are available With a 025 mm (010 in) 
oversize outside diameter, These bearings are for 
cylinder blocks that have had the bore for the main 
bearings bored oversize . 



Basic Block 

Cylinder Block Honing 

The following prellmmary check is essential to 
determine if honing is necessary, and if so, the size to 
hone. 

Measure all cyl inder bores during disassembly using 
the 1 P3537 Bore Gauging Group. This Group includes 
a 1 P3535 Dial Bore Gauge Group and a 1 P3536 Size 
Selting Fixture Group. The bore gauging group 
provides more accurate measurement than other 
methods, such as inside micrometers. When setting the 
gauge, always be sure the gauge pin has sufficient 
travel to measure the points of maximum wear in the 
bore. In a cylinder bore, maximum wear is usually 
across the diameter perpendicular to the crankshaft 
centerline, either at the top or bottom of ring travel. 
NOfmaJ wear usually will not exceed 0.51 mm (.020 in); 
however, if bore wear is greater than 0.51 mm (,020 in), 
hone the block 1.02 mm (.040 in) oversize. The fact 
that the block can be honed both 0.51 mm (.020 in) 
and 1.02 mm (.040 in) oversize will allow a block to be 
recondillOned twice under normal wear conditions. The 
standard bore size is 114.300 to 114.338 mm (4.5000 
to 4.5015 in). 

1 P3537 Sore Gauging Groop 

When recondillOning an engine, the bore size is the 
determining factor as to the necessity of honing the 
bores. If bores are worn 0.15 mm (.006 in) more than 
the standard size, the block should be honed. 
However, additional service may be obtained without 
honing it wear does not exceed the maximum wear 
limit of 0.216 mm (.0085 in). 

Before honing, inspect the bottom of each cylinder 
bore adjacent to the main bearing saddle or web . 
Some of the saddles may overlap the edge of cylinder 
bores enough to interfere with honing. Where overlap 
exists, machine a relief in the saddle to provide 
clearance for the honing toot. The radius of the relief 
must be concentriC with the cyl inder bore and 0 76 ± 
0.1 3 mm (.030 ± .005 in) larger than the bore radius. 
The relief extends 15.7 mm (.62 in) beyond the bottom 
of the bore, as shown. ThiS provides adequate 
clearance for honing. 

"€MOVE 5"""ED _..., .. 01< 
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Reliel ln Saddles And Chamfer After Honing 

When honing. check bore size at several locations in 
the length of the bore and around the circumference. 
Specifically measure at points perpendicular to the 
crankshaft centerline at locations 6.4 mm (.25 in) from 
each end and at center of bore. These three specific 
locations are prtmary gauge points during and after 
honing. 

• 

• 
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Primary Gauging Points 

CYLINJER 
BLot:K 

When honing cylinder blocks, maintain the specific 
dimensional surface finish and cross hatch tolerances 
to obtain satisfactory oil coolrol. The tolerances 
specified are virtually the same as those used fOf 
original bore finish at the factOfY, and can be obtained 
with an automatic honing machine such as the Sunnen 
CK-l0. This machine has been evaluated and found to 
give satisfactory results . 

The Sunnen CK-l0 machine is available from Sunnen 
Products Company, 7910 Manchester Avenue, 51. 
Louis, Missouri, 63143. 

Due to the cost of suitable honing equipment, II may 
be more expedient to have the honing done by a shop 
equipped with a Sunnen CK-lO or equivalent. 

Transit Preparation 

The following Steps can prevent damage to the block 
in transit to a shop. 

1. Completely disassemble, but do not clean block. 
The residual oil on the surface will prevent rust. 

2. Enclose the block in an industrial plastic bag and 
IXlsitiOfl it with the oil pan surface on a suitable 
wood pallet or equivalent. Dimensions of a suitable 
wood pallet are shown. 

JIr' HAROWooD mCJ;INC 
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Transporting Pallet 

3. Cover the block with 12.7 mm Ch In) thick plywood 
or equivalent, and band block to the pallet. 

4. Follow Similar Instructions when block IS returned. 
To prevent rust, the block should not be cleaned 
after homng; the film of honing oil prOVides ample 
protection from rusting 

NOTE: If blocks are stored for any length of time, 
clean and anti·rust after honing. 

Cleaning Procedure 

After honing is completed, and before assembling the 
engine. the cylinder block must be cleaned and 
prepared according to the following Instructions. 

1. If not previously removed. the camshaft bearings 
must be removed to permit thorough cleaning of the 
oil passages. To remove the bearings, see the topic 
Camshaft Bearrngs Removal And Installation. 

2. Use 1P3565 Chamfering Group, remove the sharp 
corner at the bottom of the cylinder bores as 
shown. This is essential to prevent scuffing the 
Piston skirts. This chamfer should be approximately 
10° x 2.3 mm (10° x .09 in). 
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Chamfering Bore 

NOTICE 
Avoid damage to the cylinder bore surface or any other 
parts. 

3. Use the 1 P5580 Brush Group and a strong 
detergent and water solution to clean the following 
areas of the block. 

A. Main oil gallery and supply passage. Use the 
1P5572 or lP5573 Brush and stroke several times 
while rolating the brush. 

B. Camshaft bearing oil passages. Use the 1 P5571 
Brush and stroke several times while rotating the 
brush. 

C. Cylinder bores. Use Ihe 1 P5574 Brush and stroke 
each bore for one minute while rotating the brush at 
1CXXJ rpm. 

NOTICE 
Incomplete cleaning will result in piston seizure or 
rapid wear of cyl inder bores, pistons and rings. Only 
thorough rotary brushing w ith a strong detergent and 
water solu t ion satisfactorily removes abrasive 
particles. 

4. To clean the piston cooling jets, use a .. 50 drill or a 
length of 1.78 mm (.070 In) lllire and push through 
the jet. Be sure the groove in the main beaflng 
bores and the counterbores for piston cooling jets 
are clean and free of debris. 

5. Thoroughly clean the cylinder block in an agitator· 
type cleaning tank. This type of cleaning should 
follow the brushing of the cylinder bores but IS not 
sufficient by itself for cleanIng . 

.... ~ - - .... . - ' ... _-, 

6. Coat all machined surfaces immediately after 
cleaning with engine oil (SAE 30). Keep the block • 
covered to exclude dirt until assembled. 

' ''''''~~ oo.ssENBLY 
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1 PS580 BruSh Group 

Remove and Install Piston Cooling Jets 

Use a 3/,8 in diameter punch approximately 305 mm (12 
in) long to remove the piston cooling Jets. Put the 
punch In the engine cylinder bore and drive the piston 
cooling jet into the main bearing bore. 

Use a FT1 542 Driver to Instal l the piston cooling jets in 
the main bearing bores. After Installation check the 
orif ice size In the piston cooling jet. A #50 drill or a 
length of 1.78 mm (.070 in) diameter wire must pass 
through the Jet. • 



SUNNEN CK-l0 MACHINING DATA 

• Item Rough Semifinisn Finish 

0.51 mm (.020 in) oYe(si~e bore 114.694 ± 003 mm 114.770 ± 0.013 mm 114.821 ± 0.013 mm 
(4.5155 ± .001 in) (4.5185 ± 0005 in) (4.5405 ± .0005 in) 

1.02 mm (.040 in) oversize bore 
115.202 ± 0 .03 mm 115.278 ± 0.013 mm 11S.329±O.Q13mm 
(4.5355:!: .001 in) (4.5385 ± .0005 in) (4.5405 ± .0005 in) 

Cylinder length 
2032~ 203.2 mm 203 2 mm 

(8 In) (8 In) (8 in) 

H~head CK-3000 CK-3000 CK-3000 

Stroke scale 
69.9 mm 69.9 mm 69.9 mm 
(2.75 in) (2.75 in) {2.7S in} 

Stroke length settlng 203.2 mrn 203.2 mm 203.2 mm 
(8 In) (8 In) (Sin) 

Rolation speed (rpm) 125 125 125 

Strokes per minutes 4' 4' 37 
Feed ratchet 14 14 14 

Top over stroke 9.53 mm 9.53 mm 9.53 mm 
(.375 In) (.375 In) t.37S in) 

Stone EHU-I23 EHU-S2S JHU-625 

Load meter 85 75 40 

Stock removal rate per minute 
0.13 mm 0.064 mm 0.051 to 0,064 mm 
(.005 in) (.0025 in) (.0020 to .0025 in) 

HOfllrlQ-per each 0.03 mm (.001 In) 0.03 mm 0.08 mm 0.08 mm 
stock removal, advance feed (.001 in) (.003 in) (,003 in) 

Surface finish (miCfcHnches) - - 12-20 

NOTE: Mount cyl inder block on .675" riSer plates, Use 42" long bar, move clamps and riser blocks to extreme ends of carriage. 



SPECIFICATIONS AND TOLERANCES 

Dimension Standard 0.51 mm (.020") 1.02 mm (.040~ ) 

Location Size Oversize Oversize • Cylinder bore-finished 
11 4,300 to 114.338 mm 1 I 4.821 ± 0.D13 mm 115.329 ± 0.013mm 

(4.5000 to 4.5015 in) (4.5205 ± .0005 in) (4.5405 ± .0005 in) 

•• Allowable wear limit 114.45 mm 114.96 mm -
(4.506 in) (4.526 in) -

Maximum wear limit 
114.53 mm 115.03 mm 115.54 mm 
(4.509 in) (4.529 in) (4.529 in) 

Surface finiSh (rnicro-inches) 12 to 20 12 to 20 12 to 20 

Crosshatch included angle 140 to I SO 13810150 138 to 150 

Rough hone 
114.694 ± 0.03 mm 115.202 ± 0.03 mm - (4.5155 + .001 in) (4.5355 + .001 in) 

Semfinish hone 
114.770 ± 0.013 rnm 115.278 ± 0.013 mm - (4.5185 :!:: ,0005 in) (4.5385 ± .0005 in) 

· · ·Top ring gap new 
0.572 ± 0.190 mm 0.572 ± 0.190 mm 0.572 :!:: 0,190 mm 
(.0225 + .0075 in) (.0225 + .0075 in) (.0225 + .0075 in) 

•• Allowable wear limit 1.14mm 1.14 mm 1.14 mm 
(.045 in) (.045 in) (.045 in) 

Maximum wear limit ' .40 mm lAO mm lAOmm 
(.055 in) (.055 in) (.055 in) 

·· ·Oil ring gap-new 
0.508 ± 0.254 mm 0.508 ± 0.254 mm 0.508 ± 0.254 mm 
(.0200:!:: .0100 in) (.0200 :!:: .0100 in) (.0200:!:: .0100 in) 

•• Allowable wear limit 0.97 mm 0.97 mm 0.97 mm 
(.038 in) (.038 in) (.038 in) 

Maximum wear limit 
1.14 mm 1.14mm 1.14 mm 
(.045 in) (.045 in) (.045 in) 

Top ring vertical 0.076 to 0.140 mm 0,076 to 0.140 mm 0.076 to 0. 140 mm 
clearance in groove-new (.0030 to .0055 in) (.0030 10 .0055 in) (.0030 to .0055 in) 

•• Allowable wear limit 
0.28 mm 0.28 mm 0.28 mm 
(.011 in) (.011 in) (.011 in) • Maximum wear limit 
0.36 mm 0.36 mm 0.36 mm 
(.01 4 in) (.014 in) {.0 14 in} 

Oil ring vertical 0.025 to 0.076 mm 0 .025 to 0.076 mm 0.025 to 0.076 mm 
clearance in groove-new (.0010 to .0030 in) (,0010 to .0030 in) (.0010 to .0030 in) 

• • Allowable wear limit 0.15 mm 0.15 mm 0.15 mm 
(.006 in) (.006 in) (.006 in) 

Maximum wear limit 
0.20 mm 0.20 mm 0.20 mm 
(.008 in) (.008 in) (.OOSln) 

• Tolerance includes out-of-round. taper and any other irregularities. Take final measurements with blocks stabilized to room 
temperature. Finished bore must clean up to 100% . 

•• Allowable wear limit is the suggested wear limit for a general overhaul. However. additional sernce may be obtained without 
honing the block il wear does not exceed maximum wear limits. (Cylinder bore wear is measured at the top and bottom of ring 
travel.) 

••• To be measured in unworn area of bore. 
NOTE: Wheo the size 01 the cylinder bores exceeds the maximum wear limit of 115.545 mm (4 .5490 in) replacement of the 
cylinder block or installation of cyl inder sleeves is necessary. 
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TIGHTENING PROCEDURE FOR THE BOlTS FOR MAIN BEARING CAPS 

Tightening Procedure 

1. Put 2P2506 Thread Lubricant on bolt threads and washer face. 

2. Tighten to 40 ± 4 Nom (30 ± 3 Ib ttl. 

3 Put a mark on each bolt and cap. 

4. Tlrjlten bolts from mario; an added 120" + 5° 

Main Bearing Bores 

With the main bearing caps installed and tightened to 
the torque given in the chari Tightening Procedure For 
The Bolts For Main Bearing Caps, check main bearing 
bore size using the 1P3537 Gauging Group. If the main 
bearing bore is not Within 94.171 ± 0.038 mm (3.7075 
± .()()15 in), replace the main bearing cap. It is 
necessary to line bore the replacement caps. See the 
topic Line Boring Main Bearing Cap. 

When installing main bearings caps on a reconditioned 
engine use new bearing cap bolts and washers. 

Main Bearing Cap Guide Width 

Check the width of the main bearing cap gUide. The 
guide width of a new cap is 166.624 ± 0.018 mm 
(6.5600 ± .0007 in). Replace main bearing caps that 
are less than the minimum width of 166.573 mm 
(6.5580 in). It is necessary to line bore the replacement 
service caps. See Ihe topic Line Boring Main Bearing 
Cap. 

When installing main bearing caps on a reconditioned 
engine, use new main bearing cap bolts and washers. 

Line Boring Main Bearing Caps 

When reconditioning a block, and one main bearing 
cap IS replaced, line bore the replaced cap If II is 
necessary to replace more Ihan one cap, it is 
recommended that all of the main bearing bores be 
line bored See the topic Line BOring Main Beam"IQ 
Bores. 

Clean bearing caps and saddles. Remove all nicks 
from pan rail. Plug oil holes in block with grease to 
prevent chiPS from entering oil passages 

Centering Rmgs In Block 
( I ) Centermg Rings. (2J Oiler. 

Place 1P2344 Centering Rings (1), With oiler (2) up, on 
each side of the cap being replaced. For an end cap, 
place 1 P2344 Centering Rings (1) In the second and 
fourth main bearing bores. 

Mark new cap to correspond with number of saddle 
and install the new unbored cap (5). Mark cap and 
saddle ·OS· for oversize next to location number. 
Tighten the unbored cap bolts (4) to the torque shown 
in the chart Tightening Procedure For The Bolts For 
Main Bearing Caps. Place the original bearing caps (3) 
over the centering rings (1). Tighten the original 
bearing cap bolts (6) hand light. 

---0'-



Centering Rings Installed 
(1) I P2344 Centering Rings. (3) Original bearing caps. (4) Bolts 
(two). (5) Unbored cap. (6) Bolls (four). 

Oil boring bat (7) and insert it through centering rings 
(1). Ttghlen bolts (6) to a minimum of 25 Nom (20 Ib tt) 
and a maximum ot 70 Nom (SO Ib tt) while spinning 
boring bar (7) 10 check for binding. Centering rings (1) 
must be seated in bearing saddles after tightening. 

Install ing BOfing Bar 
(6) Bolts (lour). (7) 1 P2352 Boring 8ar. 

Bolt torsion bar assembly (8) loosely to opposite end of 
block from which bofing bar will be driven. Install feed 
assembly (10) into boring bar and tighten setscrew (9). 
Slide feed assembly (10) onto torsion bar assembly (8) 
and tighten bolt (11). TIghten bolt (12) finger tight. 
Boring bar must slide in and out freely after these 
tightening operations. Ttghten thumbscrew (13). 

, 

Feed Assembly Installed 
(8) 1 P2369 TOfSion Bar Assembly. (9) SetSCJew. (10) 5P2981 
Feed Assembly. (II) Bolt. (12) Bolt. (13) Thumbscrew. 

To set tool in tool holder. Set micrometer (15) to 94.17 1 
mm (3.7075 in). P1ace centering ring (1) on lP2370 
Micrometer Bracket Assembly. Move micrometer (15) 
until spindle (14) contacts centering ring (1). Tighten 
boll (16). Back off micrometer thimble and recheck 
micrometer setting. Repeat above steps until 
micrometer setting is accurate. 

Setting Micrometer 
(1) lP2344 Cenler Ring. (14) Micrometer spndle. (15) Micromeler. 
(16) Bott. 

Place tool holder (17) on the IP2370 Micrometer 
Bracket Assembly. Align mark on tool holder (17) wi th 
hole in shaft (18). Place tool bit (20) in tool holder (17) 
and set the micrometer 1.78 mm (.070 in) less than the 
finish bofe diameter of 94.425 ± 0.013 mm (3.7175 ± 
.0005 in). Turn the bracket assembly arm until 
micrometer spindle aligns with tool bit (20). Adjust tool 
bit (20) by pushing it with the 958521 Rod (19) until tip 
of tool bit (20) touches micrometer spindle. 

NOTICE 
Do not sweep micrometer spindle across tool bit. 

• 
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Setting Tool Bit 
(17) lP2366 Tool Holder Assembly. (18) Shalt. (19) 9S8521 Rod 
(20) Tool bit 

Use a maximum 01 0 64 mm (.025 in) rough cuts and 
0_25 mm (.010 In) finish cuts. 

Wipe boring bar and 1001 holder clean. Place tool 
holder on the Wing bar, WIth 1001 bit cuttmg edge 
facing the direction of rotation Assemble the 1001 
holder by placing lower half over the bollS, slide into 
slot and tighten boIts_ Slide bom'lQ bar 10 until tool IS 

approximately 3.0 mm (.12 in) from the we Compare 
tool cutting tip with bore surface wilde turning bore bar 
by hand. to insure correcllool setting . 

Set feed mechanism Into feed by turning knob (23) 
until pin (22) drops into slot (21), 

B9974:;P2 

Feed Engaged 
(21) Slot. (22) Pin. (23) Knob. 

NOTE: To sel the feed mechanism inlo feed on later 
units, turn lever (A) up (the direction of arrow). 

Later FOOd Mechanism 
(A) Lever_ 

Place adapter (24) into boring bar and tighten setscrew 
(25) 

\~ 

Adapter Installed 
(24) 1 P2364 Adpaler (25) Setscrew 

Apply layoot bluing to the bearing cap and bearing 
bore Olt the centering rings Do not use lubricant on 
the culler Use a one-hall Inch electric drill with 
universal JOint (26) to feed toollhrough the bore. 
Service main beamlgs with 0 25 mm (010 in) oversize 
outSide diameter are available to permit the bore to be 
bored oversize Bore Ihe bore 10 94 425 ± 0.013 mm 
(3.7175 ± .0005 in). 

D ___ ..... : .: ...... i .... 



Boring Bearing Bore 
(26) 1 P2363 Universal. 

NOTE: If you use the later feed mechanism, the tool 
can be driven from either the boring bar or the feed 
mechanism, 

I 
Driving Through Feed Mechanism 
(Typical Example) 
(26) 1 P2363 Universal 
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The bluing applied to Ihe bearing bore indicates Ihe 
condilion of Ihe bore allhe correct bore size. If bluing 
shows an out of round condition, check the largest 
diameter (indicated by remaining bluing) in relation 10 
the smallest diameter (indicated by lack of bluing). The 
difference of the two must not exceed 0.025 mm 
(.0010 in). 

If bluing Indicates a step in the joint face, measure the 
diameter at the step in relation to the smallest diameter. 
A step of 0013 mm (.0005 in) on one or both Sides is 
permissible. A maximum of 0.025 mm (.0010 in) over 
the nominal finish bore diameter is permissible if within 
the descnbed limits. 

To check the bore diameter, set the 1P3535 Dial Bore 
Gauge to 94.425 mm (3.7175 In). 

Checking Bore 
(Typical Example) 

Line Boring Bearing Bores 

Line bore all main bearing bores if bearing caps or 
saddles are distorted. 

Clean bearing caps and saddles, Remove all nicks 
from pan rail. Plug oil holes in block with grease to 
prevent chips from entering oil passages. 

Place lP2344 Centering Rings (1), with oiler (2) up, at 
each end of block. If an end bore is distorted, use the 
next 9000 bore. 

NOTE: There must be two good bores for locating 
centering rings. 

Centering Rings In Block 
(1) 1 P2344 Center Rings. (2) Oiler. 

Place original bearing caps (4) over the centering rings 
(1). TlQhten bolts (3) hand tight. 

• 
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Centering Rings Installed 
{l l 1 P2344 Centering Rings. (3) Bolts (fourl. (4) Bearing caps 

Boring Bar Installed 
11l 1 P2344 Centering Rings. (3) Bolts (four), (5) 1 P2352 Boring 
Bar. 

Oil bOring bar (5) and insert I! through centering flngs 
(1). TlQhten bolls (3) to a minimum of 25 Nom (20 Ib fI) 
and a maximum of 70 Nom (50 Ib ttl willIe spinning 
boring bar (5) to check for binding. Centering rings (1) 
must be seated in bearing saddles after tightening. 

Slide boring bar (5) out of one end of block and install 
bearing assemblies (6) on boring bar (5). Slide boring 
bar (5) back through centering ring. AdJust bearing by 
tightening boll (7) until bar begins to bind, then back 
off until boring bar (5) spins easily. 

Installing Bearing Assemblies 
(5) l P2352 Boring Bar . (6) 1 P2373 Bearing assembly (two). 
(7) Bolt. 

Install bridge assemblies (a, over bearing assemblies 
(6), Position bridge assemblies (8) on block as shown 
with thicker portion up. 

NOTE: Bridge assemblies must be on block as shown 
for tool holder clearance at each bOl"e. 

Bndge Assemblies Installed 
(6) 1 P2373 Bearing Assembly (two). (8) 1 P2343 Bndge Assembly 
(two). 

Tighten bolls (9) finger tight Tighten bolt (10) lightly. 
Tighten bolt (11). Loosen, then tighten bolls (9) and 
bolt (10). Spin boring bar (5) during alllighlening 
operations, Repeat above procedure if boring bar (5) 
binds. 
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Bolt Location 
(9) Boll (twO). (10) Boll. (I I) Boll. 

Remove original bearing caps and centering rings. 
Mark new caps to correspond with numbers on saddle 
and install new service caps. Mark caps and saddles 
'OS' for oversize next to location number. 

Be sure to install new oolts Put engine oil on bolt 
threads and washer face. Tighten bolts in number 
sequence to 40 ± 4 N' m (30 ± 31b It), put a mark on 
each bolt and cap. Tighten all bolts by number from 
mark an additional 120 ± 5°. 

Bolt Tightening Sequence 
(Typical Example) 

Bolt torSion bar assembly (12) loosely to opposite end 
of block from which boring bar will be drIVen. Install 
feed assembly (14) into boring bar and lighten 
setscrew (13). Slide feed assembly (14) onto torsion 
bar assembly (12) and tighten bolt (15). Tighten bol t 
(16) finger tight. Boring bar must slide in and out freely 
after these lightening operations. Tighten thumbscrew 
(17) 

3208 Diesel Truck Enoin& 

Feed Assembly Installed 
(12) IP2369 TorsiOn Bar Assembly. (13) SetSC:rew. (1-4) 5P2981 
Feed Assembly. (15) Bolt. (16) Boil. (17) Thumbscrew. 

Place adapter (18) into boring bar and tighten setscrew 
(19) 

8911741Pl 

Adapler Installed 
(18) I P2364 Adapter. (19) Setscrew. 

Put tool in tool holder, set micrometer (21) to 94. 171 
mm (3.7075 In). Place centering ring (1) on the lP2370 
Micrometer Bracket Assembly. Move micrometer (21) 
until spindle (20) contacts centering ring (1). Tighten 
boll (22). Back off micrometer thimble and check 
micrometer setting. Repeat above steps until 
micrometer setting is accurate. 

• 
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Setting Micrometer 
(1) lP2344 Centering Ring. (20) Micrometer spindle. 
(21) MiCrometer. (22) Bolt. 

22 

Place tool holder (23) on the 1 P237Q MICrometer 
Bracket Assembly. Align mark on tool holder (23) with 
hole in shaft (24). Place tool bit (26) in tool holder (23) 
and set the micrometer 1.78 mm (.070 in) less than the 
finish bore diameter of 94.425 ± 0.013 mm (3.7175 ± 
. 0005 in). Turn the bracket adjustment arm until 
micrometer spindle aligns with tool bit (26). Adjust tool 
bit (26) by pushing it with the 9S8521 Rod (25) until tip 
of bit (26) touches micrometer spindle. 

NOTICE 
Do not sweep micrometer spindle across tool bit. 

, 
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Setting Tool Bli 
(23) lP2366 Tool Holder Assembly. (24) Shaft. (25)958521 Rod. 
(26) Tool bit 

Use a maximum of 0.64 mm (.025 in) for rough cuts 
and 0.25 mm (.010 in) for finish cuts. 

Wipe the boring bar and 1001 holder clean. Place tool 
holder on the boring bar, with tool bit culling edge 
faCing the direction of rotallOn. Assemble the tool 
holder by placing lower half over the bolts, slide into 
slot and tighten bolts. Slide boring bar in until tool is 
approximately 3.0 mm (.12 in) from the we. Compare 
tool cutting tip with bore surface while turning boring 
bar by hand, to insure correct tool setllng. 

27 

Feed Engaged 
(27) Slot. (28) Pin. (29) Knob. 

Set feed mechanism into feed by turning knob {29} 
until pin (28) drops into slot (27). 

NOTE: To set the feed mechanism Into feed on later 
units, turn lever (A) up (the direction of arrow) . 

Later Feed MechanIsm 
(A) Lever. 

all the bearing assemblies. Do not use lubricant on the 
cutter. Use one-half Inch electriC drill with universal jOint 
(30) to feed the tool through the bares. Service main 
bearings with 025 mm (.010 In) oversize outSide 
diameter are available to permit bores to be bored 
overSize. Bore block to 94.425 ± 0013 mm (37175 ± 
.0005 in). 



Boring Block 
(30) 5Pl630 Universal. 

/.~ ,. -
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Driving Through Feed Mechanism 
(Typical Example) 
(30) 5P l630 UrwersaJ 

30 

f 
I 

NOTE: If you use the later feed mechanism lhe 1001 
can be driven from either the boring bar or the feed 
mechanism. 

Positioning Tool Holder 

When bOring, If bearing assemblies mterfere or tool 
does not reach nexl bore, reposillOn 1001 holder on 
boring bar. 

3208 Diesel Truck Engine 8-14 
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Checking Bore 

To check wes, set the 1 P3535 Dial Bore Gauge 10 
94.425 mm (3.7175 in). 

Cylinder Head and Valve 
Components 

Check cylinder head for cracks before reconditiorllng 

Flatness of the cylinder head should be WIthin 0.15 mm 
(.006 in) lolal, and a maximum of 0.08 mm (.003 in) for 
any 152.4 mm (6.00 in) span. A maximum stock 
removal of 0.25 mm (.010 in) is permissible when 
resurfacing the head. 

Always check Ihe thickness of a cylinder head before 
resurfacing. The cylinder head may have been 
resurfaced before and would nol have enough slock 10 
be resurfaced again. 

To check the thickness of a cylinder head, measure 
through the fuel InjeCtIOn nozzle ~s at each end of 
the cylinder head. For lhe correct thickness of Ihe 
cylinder head, see the topic Cylinder Head in the 
Specifications 

The valve seat Insert for the exhaust valve can be 
replaced. The Intake valve seat may be a replaceable 
seat insert or the seat may be maetllned into the 
cylinder head. When the seat for a non·replaceable 
intake valve has been machined to the limits the 
cylinder head can be bored (machined) for a valve seat 
Insert. See, Specification lor dimenSIOnS gIVen 

To remove the intake and exhaust valve seats that 
have replaceable inserts, use the 857170 Valve Seat 
Insert Puller Group_ 
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Removing ExhalJSt Valve Seat Insert 

Freeze the intake or exhaust valve seat inserts and use 
the 8S7170 Valve Seat Insert Puller Group to install 
inserts into head Be sure bores are clean, free of 
burrs, and the insert has a good press fit into the bore. 

After inser ts are installed, grind the seat face of the 
insert to be sure it is flat, has the correct angle, and IS 
in alignment With the bore in the valve guide. 

For specificatioos, see VALVE GRINDING 
SPECIFK:ATIONS CHART. 

NOTE: Replace intake and exhaust valve seat inserts 
when valve seat width or valve head-to-cylinder head 
face cannot be machined to the cOfrect specification. 
For specifications, see VALVE GRINDING 
SPECIFK:ATIONS CHART. 

Clean valve gUides of all carbon and oil, using the 
5P7176 Brush and a solvent. 

The valve guides are cast In the cylinder heads Check 
each valve guide bore size 19.1 mm (.75 in) deep Irom 
each end. The bore size is 9512 ± 0.013 mm (.3745 ± 
.0005 in) and the maximum size worn is 9.550 mm 
(.3760 In). Valve guides worn more than the maximum 
wear Size, can be restored by original tolerances 
through knurling. 

Use the 5P3536 Valve Guide Gauge Group to check 
the bore 01 the valve guides. Special Instruction, Form 
No. GMG02562 gives complete and detailed 
instructions for use 01 the 5P3536 Valve Guide Gauge 
Group. 

" I 't 

USing 5P3536 Valve Guide Gauge Group 

NOTE: If valve gUide bore is larger than 9.68 mm (.381 
in), knurling may not restore the guide to original 
tolerances. 

The following procedure can be used to knurl valve 
gUide bores using the 5P5170 Knurllng Group: 

I I r 

5P5170 Knurllng Group 
(I) 5P5178 Lubricant. (2) 5P5187 Tap Wrench. (3) 5P5177 Speed 
Reducer (7 to 1). (4) 5P5176 Brush. (5) 5P5175 Knurling Arbor. 
(6) 5P5171 Reamer (.371 in). (7) 5P5172 Reamer (.372 in) 
(8) 5PS173 Reamer (.373 in). (9) 5PS174 Reamer (374 In) 

1. Clean and buff head, gUides and valves. Check 
valve stem diameter. The intake valve stem 
diameter is 9.462 ± 0.013 mm (.3725 ± .0005 in) 
and the minimum size worn is 9.423 mm (3710 In). 
The tapered stem exhaust valve has a stem 
diameter of 9.436 ± 0.013 mm (.3715 ± .0005 In) at 
the keeper end of the stem, and 9.411 ± 0.013 mm 
(.3705 ± .0005 In) at the head end of the stem. The 
minimum size worn is 9.373 mm (.3690 in). 
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2. Place head on the FT806 Cylinder Head Bench or 
8S6691 Cylinder Head Stand with rocker arm side 
toward you. 

NOTE: Use FT967 Adapter Plates to mount head on 
FT806 Cylinder Head Bench. 

3. DIp the 5P5176 Brush (4) Into the 5P5178 Lubricant 
(1) and run the brush through the gUide. 

NOTE: The 5P5178 Lubricant is specially formulated 
for knurling casl lron guides and will prolong arbor life. 
If nol available, use only Black Sulfur cutting oil or 
parafin base oil. 

4. Dip the 5P5175 Knurling Arbor (5) into the 5P5178 
Lubricant just prior to knurl ing. Use the 5P5177 
Speed Reducer (3) and a v~ inch electric drill (1200 
to 1600 rpm recommended) to drive the arbor. Hold 
the speed reducer and drill f irmly during knurl ing. 
Do not push or guide arbor during knurling. 

Knurling Guide 
(3) 5P51 77 Speed Reducer. (5) 5P5175 Knur1ing Arbor. 

5. Select the reamer that is closest to the size of the 
valve stem that is to be used and ream the guide 
using the speed reducer and V4 inch electnc drill 
Push firmly to ream. 

o • • 

Reaming Guide 

NOTE: It is not necessary to use lubricant fOf reaming. 

6. Clean the valve guides with brush and solvent. 

7. Install the valve h is permissible to use a maximum 
force of 27 N (6 Ib) with no oil to Install the valve. 
Should valve not ht, use next size larger reamer and 
ream as in Step 5. 

8. Thoroughly clean the valve guide bores after 
knurting. 

The following procedure may be used to knurl valve 
guide bores using the United Tool Process: 

1. Clean and buff head. guides and valves. Check 
valve stem diameter. The intake valve stem 
diameter IS 9.462 ± 0.013 mm (.3725 ± .0005 in) 
and the minimum size worn is 9.423 mm (.3710 in). 
The tapered stem exhaust valve has a stem 
diameter of 9.436 ± 0.013 mm (.371S ± .0005 in) at 
the keeper end ot the stem, and 9.411 ± 0.013 mm 
(.3705 ± .0elOS In) at the head end of the stem. The 
minimum size worn is 9.373 mm (.3690 in). 

2. Place head on the FT806 Cylinder Head Bench or 
BS6691 Cylinder Head Stand With spring end of 
valve gUides toward you. 

NOTE: Use FT967 Adapter Plates to mount head on 
FT806 Cylinder Head Bench. 

3. Select the drill jig that corresponds in size to the 
valve gUide. Use the 3(, ft in drill and stop in a slow 
speed drill. Drill an offset hole in guide 3.2 to 4.8 
mm (IA! to 3/18 In) deep (hole to be drilled on exhaust 
manifold side of guide). 
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4. USing the proper size knurling tool and wheel, insert 
1001 into guide and place wheel edge in oHset 
notch. Place one drop of lubricant in each offset 
notch before knurling, and one drop on wheel after 
installing wheel in knurling tool. Use straight hex 
blade provided to match knurling tool and adapter in 
speed reducer. Hold outer shell of reducer from 
turning and start drill. Follow the rotating tool With 
slight pressure through the guide. 

NOTICE 
Use the mechanical speed reducer for all knurling and 
reaming as excessive speed and torque destroys 
tools. If possible, use a drill with a no load speed of 600 
rpm. 

5. After knurltng all guides, and before reaming, try 
valve in each end of guides. They should not fit into 
guides. If valves will go in either end of guides, the 
guides must be knurled again using the next size 
wheel. Ream the guides With a .374 in reamer 
before knurling. Repeat knurling and reaming 
process until valves will not fit into guides. 

6. Ream valve guide bores to 9.512 ± 0.013 mm 
(.3745 ± .0005 in) . To ream valve guide bore use a 
.374 in reamer. The reamer will ream the bore 0.013 
100.020 mm (.OO05 to .0008 in) over the size 
marked on the reamer. 

7. After reaming, clean guides thoroughly before 
checking valve guide bore size. 

8. Before installing valves, clean valve guide bores 
with the 1 P5571 Brush and a strong detergent. 
Stroke each bore several times with the brush 
rotating to remove all dirt and loose chips. 

After the valve guides are knurled, the valves and valve 
seats must be ground to provide proper sealing. For 
valve grinding specifications, see VALVE GRINDING 
SPECIFICATIONS CHART. 

Grinding Valve Seats 

VALVE GRINDING SPECIFICATIONS 

Seat Angle 45 thQ ± '12° 30 '12° ± 112° 

Valve Head Diameter 45.82 ± 0 13 mm 53.19 ± 0. 13 mm 
(1 .804 + (005 in) (2.094 + .005 In) 

Seat Width (Ma x:imum) 2.67 mm 3.05 mm 
(.105 in) (.120 in) 

Seat Outside 44.07 ± 0.13 mm 52.23 ± 0.13 mm 
Diameter (new) (1.735 + .005 in) (2.045 + .005 in) 

Seat Outside 44.70 mm 52.45 mm 
Diameter (maximum) (1 .760 in) (2.065 in) 

Angle to Grind Insert 
to Reduce Seat ,,- ,," 
Maximum Diameter 

Valve Face Angle 45° + '14° 300 + 1/.0 

Valve Lip 1.60 mm 2.31 mm 
Thickness (new) (.063 In) (.091 in) 

Valve Lip 1.27 mm 1.78 mm 
Thickness (minimum) (.050 in) (.070 in) 

Valve Head Diameter 45.82 ± 0.13 mm 53.19±0.13mm 
(1.804 + (.005 in) (2.094 + .005 in) 

Maximum Distance 
Valve Head to Cylinder 2.16 mm 1.73 mm 
Head Face (.085 in) (.068 In) 
(Closed Valve) 

Minimum Distance 
Valve Head to Cylinder 1.27mm 0.91 mm 
Head Face (.050 in) (.036 in) 
Closed Valve) 

Valve Springs 

Check valve springs with the 8S2263 Valve Spring 
Tester. Springs not meeting Specifications should be 
replaced. 

VALVE SPRING SPECIFICATIONS 

Item 9N5495 Spring 9N5496 Spnng 

Length-test 42.47 mm 45.47 mm 
force applied (1.672 in) (1.790 in) 

Test force 91.2 ± 9.0 N 185.0 ± 18.0 N 
(20.5 + 2 Ib) (41.6+4Ib) 

Use again minimum 
81.9 N 166 N load at length under (18.4 Ib) (37.3 Ib) test force 

Length of spring at 27.23 mm 30.23 mm 
vatve open position (1.072 In) (1.190 In) 

Use again minimum 
295 N 600 N load at vatve 

(66.3Ib) (135Ib) open position 

Free lenglh after lest 48.77 mm 51.77 mm 
(1.920 in) (2.038 in) 

Outside diameter 26.67 mm 39.62 mm 
{1.050 in} (1.560 in) 

Spring must not be 1.70 mm 180 mm 
bent more than (.067 in) (.071 in) 



Connecting Rods 

Piston Pin Bearing Removal And 
Installation 

The 5P8639 Press Group and the 6V61 00 Tool Group 
are used to remove and install the piston pin bearings 
In the connecting rods. Use the procedure that follows 
to remove and inslailihe piston pin bearing from the 
connecting rod. 

Remove the crankshaft bearing from the large end of 
the connecting rod and install the cap on the rod. 

Put the connecting rod In an oven and get the 
temperature of the rod to 204°C (400CF). 

Put the eV4819 Spacer in the counlerbore of the base 
plate. Be sure the spacer is in the bore straight and is 
against the bottom of the counlerbore. Put the 
connecting rod, with the part number up, on the base 
plate so that the post assembly is in the center of the 
piston pin beanng . 

Install the p in for the large end of the connecting rod in 
the center of the bearing bore. Put the 5P8653 Adapter 
over the post assembly and into the piston pin bearing. 
Make sure the alignment hole In the adapter is In hne 
with the hole in the base plate. Install the 5P8641 
Clamp Bar and the clamp pin on the large end of the 
connecting rod. 

Put a new piston pin bearing on the 5P8653 Adapter. 
The bearing joint must be in alignment with the hole in 
the adapter. Put the SP664S Push Adapter, with the 
tapered side down, on the post assembly and on lop 
of the SP8653 Adapter. Make sure the alignment hole 
in the push adapter is in alignment with the bearing 
joint and the holes in the 5P8653 Adapter and the base 
plate. 

Put the pusher on the 5PS645 Push Adapter and use 
the press to push the old bearing out and the new 
bearing in . Use the pl'"ess unlillhe push adapter makes 
full contact with the connecting rod. Remove the tools 
and the connecting rod from the press group_ 

NOTE: The piston pin bearing must be bored 
(machined to size) belore the connecting rod can be 
used. 

Check for Connecting Rod Distortion 

The SP2050 Connecting Rod Checking Fixture is used 
to check for bearing bore center·to-center distance and 
for piston pin bearing bore to crankshaft bearing bore 
alignment. The checking fi xture can be used 10 check 
connecting rods with Of Without the p iston pin bearing 
installed 

To check connecting rods that are 10 be reconditioned 
the fixture must first be adjusted to the correct bearing' 
bore center·to-center distance. Use a connecting rod of 
known length (master rod) for adjustment. 

Remove the connecting rod bearing and install the cap 
on the connecting rod and tighten the nuts as shown in 
the SPECIFICATIONS. Remove the piston pin bearing 
from the connecting rod. 

Put the 5P2041 Pin Mandrel in the piston pin end 01 the 
master rod. Install the 5P2013 Plunger Extension on the 
plunger of the 5P2053 Crank Mandrel. Install the 
5P2051 Position Arm on the end of the crank mandrel. 
Put the crank mandrel In the crankshaft bearing bore 
of the master rod. Move the pOSit ion arm so it is in 
alignment With the centerline of the pin mandrel Turn 
the actuatOf knob on the end of the crank mandrel and 
l ighten the mandrel In the rod. 

Put the master connecting rod on the checking fixture. 
Move the d.al IndlcalOf holder until both Indicators 
show approximately 0.25 mm (.010 in) less than one 
complete revolution. Turn the d.al face o f each 
indicator until the hand is on zero. 

Remove the connecting rod from the f ixtUre; turn the 
rod 180° horizontally and put the rod on the f ixture 
again. If the dial Indicators read zero, the fixture is 
adjusted correctly. If there is a different readi ng on the 
dial Indicators, move the dial face one·half the distance 
between zero and the reading. Remove the master rod 
from the fixture and remove mandrels from the master 
md 

The checking l ixture is now adjusted to check 
connecting rods for reconditioning . 

Use the procedure that follows to inspect connecting 
rods to check If they are acceptable for reconditIOning. 

Remove the connecting rod bearing and install the cap 
on the connecting rod and tighten the mr.s as shown in 
the Specifications. Remove the piston pin beaflng from 
the connecting rod. 
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Put the 5P2041 Pin Mandrel in the piston pin bearing 
bore. Put the 5P2053 Crank Mandrel with 5P2013 
Plunger Extension and 5P2051 Position Arm in the 
crankshaft bearing bore. Move the position arm in 
alignment with the centerline of the pin mandrel. Turn 
the actuator knob on the crank mandrel and tighten the 
mandrel in the rod. 

Put the connecting rod on the checking fixture. Make a 
record of the readings on each of the dial indicators 
Add the two readings and divide by two. The result is 
the average difference from the master connecting rod 
bearing bore center-Io-center distance. The allowable 
difference for rods that are acceptable for 
reconditioning is ± 0.10 mm (± .004 in). 

Leave the connecting rod In the checking fixture and 
check for both bores parallel Make a record of the 
readings for both dial indicators. The total difference 
between indicator readings is the bores parallel 
dimension. The maximum allowable dimension is 0.15 
mm (.006 in) for rods that are acceptable for 
reconditioning. 

A check can also be made to check for connecting rod 
twist. Push one end of the pin mandrel against the 
locating surface behind it. Use a thickness gauge on 
the opposite end to check the clearance between the 
mandrel and the locating surface . Check both ends of 
the mandrel in this way for clearance. The amount of 
clearance is the twist in the rod. The maximum 
allowable twist is 030 mm (.012 in) for rods that are 
acceptable for reconditioning. 

Boring Piston Pin Bearing 

After new piston pin bearings are installed in the 
connecting rods, use the 5P3550 Connecting Rod 
Boring Machine to bore the piston pin bearings to the 
correct size. 

Install the cap on the connecting rod (do not inslallthe 
bearings). Tighten the nuts as shown in the 
SpeCifications. 

Put the 5P2010 Mandrel on the spindle. Install nut and 
actuator, and tighten to hold mandrel in pOSItion . Install 
5P2013 Plunger Extension on the plunger. The plunger 
must be In the up position Within ± 3°. Loosen the 
spindle carrier, and use the handle on top to adjustlhe 
bearing bore center·to·center dimension. Move the 
carrier until the vernier scale reads 19524 ± 003 mm 
(7.687 ± .001 in). This is the correct scale dimension to 
get a bearing bore center·to·center dimension of 
200.66 ± 0.03 mm (7.900 ± .001 in). Tighten the 
carner In this position. 

Put the connecting rod in position on the mandrel, with 
the boss on the pin end of the rod towards the left. 
Turn the actuator until the connecting rod is tight on 
the mandrel. 

Install 5P3552 Bushing in the front bracket. Push the 
locating arbor through the front bushing. Put 5P3541 
Locating Bushing , with the large dimension of the 
diamond shape horizontal, on the locating arbor. Slide 
the locating arbor through the connecting rod and Into 
the rear bushing. Slide the locating bushing into the 
rod. Push the locating rods until they are against the 
connecting rod , and lighten the rods firmly. Remove 
the locating arbor end bushing. 

Fasten the 5P2023 Tool 8it Selling Gauge to the boring 
bar. Be sure the contact point of the indicator IS 
against the boring bar. Adjust the indicator so the 
revolution counter and the hand are at zero. Move the 
tool bit setting gauge so that tile contact point is 
against the cutting edge of the tool bit. Fasten the 
gauge in this position. Loosen the screw that holds the 
tool bit. Make an adjustment to the tool bit until the 
indicator reads 4.750 mm (.1881 In). Tighten the screw 
that holds Ihe 1001 bit and recheck the setting. 

Put the boring bar through the connecting rod and Inlo 
the rear bushing. Install the front bushing over the 
bOring bar and into the bracket. Install 5P4777 Torsion 
Bracket on the rear of the boring machine. Put 5P4778 
Feed Cylinder so the shaft goes through the rear 
bushing and Into the boring bar. Tighten the setscrew 
in the boring bar to hold the feed cyl inder shaft. Adjust 
torsion bracket and feed cylinder so the bonng bar 
moves smoothly in rear bushing. 

NOTE: Put the feed lever on the feed cylinder in the 
OPEN position before moving the boring bar. 

Wilh the feed lever in the OPEN position , move the 
boring bar until the tool bit is 3.2 mm (. 13 in) from the 
bearing In the connecting rod. Put the feed lever In the 
CLOSED position and tighten the thumbscrew on the 
cylinder against the torsion bracket shaft. Install 
5P2055 Flexible Adapter in the front of the boring bar 
and fasten an electric drill to the adapter. Put oil on the 
boring bar at the front and rear bushings. Start the drill 
and let the feed cylinder pull the boring bar through the 
bearing. Use a slow feed rate and do not push on the 
drill. 

Check the bearing bore with a new piston pin. If the fit 
is too tight, do the boring operation again With the 
SAME tool bit setting. 



Install the connecting rod into the piston with the boss 
on the rod on the same side as the crater in the piston. 

o 
Connectll"lg Rod And Piston 

Oil Pump 

Check oil pump end clearance. End c learance is 0.069 
100.135 mm (.0027 to .0052 in) new. 
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Checking End Clearance 

Remove oil pump cover mounting bolts (1). Remove all 
pump cover (2). 

........ ... ,- -_ .... -.. -.. - --' --

Oil Pump 
{11 Bolts (tour). (2) Oil pump cover. 

\ 

Ched<Jng Rotor Tip Clearance 

Check 011 pump rotor tip clearance. Rotor tiP clearance 
is 0.05 to 0.20 mm (.OO2 to .008 in). Maximum rotor lip 
clearance IS 0.28 mm (.011 in). 

Remove outer rotor (5) and inner rotor (3). Check size 
of bearing (4). Size of bearing (4) is 71.224 ± 0.056 
mm (2.8041 ± .0022 in). Replace bearing if necessary. 
Use an 8S2285 Driver (6) to install the bearing. For the 
correct location of bearing junction, see the topic Oil 
Pump in the Specifications. 

T93694Pl 

Rotors Removed 
(3) Inner rolor. (4) Bearing. (5) Outer rotor . 

• 

• 
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Installing Bearing 
(6) 852285 Driver. 

Clean all pariS thomughly before installing. Oil all 
component parts before Install ing. Install inner rotor (3), 
outer rotor (5), cover (2), mounting bolts (1) and locks. 
Tighten bolts to 24 ± 7 N·m (18 ± Sib ft) and secure 
with locks. 

Crankshaft 

Reconditioning of these crankshafts can be done by 
grinding the "journals" (bearing surface on the 
crankshaft for the connect ing rod bearings and main 
beanngs) 025 mm (.010 in), 0.51 mm (.020 in) or 1.27 
mm (,050 in) "undersize" (smaller than the original size). 

The diameter of the "journals' for the connecting rod 
bearings is 69.840 ± 0,015 mm (2.7496 ±OO06 in). 
The diameter 01 the "journals' for the main bearings is 
88.887 ± 0.015 mm (3.4995 ± .0006 In). The minimum 
permissible diameter of the 'journals' for the 
connecting rod is 69.814 mm (2.7466 in). The minimum 
permissible diameter for ttlejournals' for the main 
bearings is 88862 mm (3 4985 In). Measure each 
"journal' In several places around the diameter to find 
the maximum wear pClInt. If the dameter of any 
"journar is smaller than the minimum permissible 
diameter, grind all of the "journals." Before a crankshaft 
is ground, check to be sure the crankshaft is not bent. 
To check for a crankshaft that IS bent. place crankshaft 
main bearing journals 2 and 4 on 5P8637 V-Blocks. 
Use a dial Indicator and check the runout (total 
indicator reading) for main bearing journals 1, 3 and 5. 

The maximum total indlcatOf reading is 0.13 mm (.005 
In) for each journal. If Ihe lolal indlCalor readings is 
more than 0 13 mm (.005 in) the crankshaft must be 
straightened before it IS ground. Make reference to 
Guideline for Reusable Parts Procedure To Iv\easure 
Bent Crankshafts, Form No. SEBF8030 

Another procedure must be used to deiermine if a bent 
crankshaft can be straightened 

Place Ihe crankshaft main beanng journals 1 and 5 on 
5P8637 V Blocks. Use a dial Indicator and check the 
runout (total Indicator reading) of the center main 
bearing Journal. If the total indicator reading is more 
than 1.27 mm (.050 in) the crankshaft cannot be 
straightened. 

If the lotal indicator reading is less than 1 27 mm (.050 
in), the crankshaft can be straightened, Before the 
crankshaft IS straightened It must be heated to 177 to 
23z:'C (350 to 450°F). Make reference to Guideline For 
Reusable Parts Procedure To Straighten Bent 
Crankshafts, FOfm No. SEBF8040. 

With the crankshaft Installed In the cylinder block, 
check the end play for the crankshaft. End play for the 
crankshalt is 0.08 to 0.25 mm (.003 to .010 In). 
Maximum permiSSible end play for the crankshaft is 
036 mm (.014 in). 

NOTE: If end play for the crankshaft IS more than the 
maximum permissible end play. check the crankshaft 
thrust beanng. 

Crankshaft Grinding Specifications 

The dimenSions and f inish for grinding crankshafts are 
as follows 

Diameter (A) for connecting rod bearing journals is· 

0.25 mm (010 in) Undersize. 

0.5' mrn (.020 in) Undersize 

1.27 mm (050 in) Undersize. 

.. 69.586±0.015mm 
(2.7396 ±OOO6 In) 

69.332±0.015mm 
(2.7296 ± OOO6In) 

68.570±0.Q15mm 
(2.6996 ± OOO6In) 

Surface finish must be 0 25 micrometers (10 
microinchcs) Of less 

Radius (B) must be 2,54 ± 0.25 mm (100 ± 0 10 in). 

Surface finish must be 1.6 micrometers (63 
mlcroinches) or less 

The radiUS must blend smoothly with the newly 
machined journals. 
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DimenSions For Grinding 
tAl OiamelEM'" 01 connecting rod bearing journals. (B) Radius on 
connecting rod bearing journals. (C) Width to grind journals for 
the connecting rods. (0) Diameter of main bearing journals. 
tE) Radius on main beaflng journals. (F) Widlh to grind journals 
lor the main bearings. 

Width (C) is 58.77 ± 0.08 mm (2.314 ± '<Xl3 m) 

Diameter (D) for main bearing Journals is: 

0.25 mm (.010 in) Undersize. .... aa.633±O.01Smm 
(3.4895 ±.0006 in) 

0,51 mm (.020 in) Undersize ........ . 88.379 ± 0.Q15 mm 
(3.4795 ± .0006 in) 

1.27 mm (.OSO in) Undersize 87.617±O.015mm 
(3.4495 ± .()()06 in) 

Surface finish must be 0.25 micrometers (10 
microinches) or le5s. 

Radius (E) must be 241 ± 0.25 mm (.095 ± .010 in). 

Surface f inish must be 1.6 micrometers (63 
microinches) or less. 

The radius must blend smoothly 'Nith the newly 
machined Journals. 

Width (F) is 31 .95 ± 0.05 mm (1 .258 ± .002 In) for 
number 4 main bearing journal. Surface finish on the 
thrust faces o f the number 4 main must be 0.45 
micrometers (18 microinches) or less. 

Width (F) IS 32.21 + 0.51 - 0.25 mm (1.268 + .020 -
.010 in) for number 2, 3 and 5 main bearing journals. 

There is no width (F) for number 1 main bearing 
journal. 

When grinding a crankshaft, no material can be 
removed from the crankshaft webs or counterweights. 

Crankshaft Gear Removal 

Remove the gear using a 887548 Push Puller, 887551 
Bearing Pulling Attachment, 897561 Step Prate, and 
8H6B4 Ralchet Box Wrench 

Pulling Crankshaft Gear 

The 1 P0820 Hydraulic Puller Group can also be used to 
pull gear from crankshaft. Tools required are 1 P0820 
Hydraulic Puller Group. 867551 Bearing Pulling 
Attachment, 8B7549 Puller Legs (two), 887561 Step 
Plate, 3H0465 Plate (four), 164207 Nut (two) and 
6V9061 Pump Group. 
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USing HydrauliC Puller 

Crankshaft Gear Installation 

1. Install the key in keyway of crankshaft. Remove all 
burrs from key and keyway inside of crankshaft 
gear. 

2. Heat gear to 260°C (SOOOF) maximum. 

3. Install gear on crankshaft with timing mark on gear 
facing fronl of crankshaft. 

• 

• 
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Crankshaft Front Oil Seal Removal 

Remove the crankshaft from pulley. Use the lP3075 
Puller Group to remove the crankshaft front oil seal. 

RemovIIl9 Front Oil Seal 
(Typical Example) 

Remove Crankshaft Rear Seal and 
Wear Sleeve 

Remove the crankshaft rear oil seal with the 1 P3075 
Puller Group. 

• , 
• 
• 
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Removing Rear Oil Seal 

Install a 5P7338 Distorter Rwtg from the SP7318 Wear 
Sleeve Distorter Group, in the rear seal bore. Install 
5P7312 Distorter between distorter ring and wear 
sleeve. Turn the distorter untillhe edge of the tool 
makes a flat place (crease) in the wear sleeve. Do this 
in two or more places until the wear sleeve is loose, 
Remove the tools and wear sleeve. 
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Removing Rear Wear Sleeve 
(Typical Example) 

, 

Install Crankshaft Rear Seal and Wear 
Sleeve (lip Type Seal) 

The crankshaft rear seal and wear sleeve must be 
installed at the same time. Clean the wear sleeve Inside 
diameter and the crankshaft outside diameter and put 
6V1541 QUick Cure Primer on the surfaces. Put 
953265 Retaining Compound 0f1 the outside diameter 
of the crankshaft and the inside diameter of the wear 
sleeve. Install 5P0290 Locator 0f1 the rear of the 
crankshaft, Put a sealer on the outer metal case of the 
seal. 

Put the wear sleeve and seal in position on the locater, 
with the outside diameter bevel on the wear sleeve 
away from the crankshaft. Be sure the lip of the seal is 
toward the engine. Put 5P7293 Installer In position on 
the locater Put clean engine oil on the face of the nut 
and instalf it on the locater. Tighten the nut until the 
installer Will not longer move, 
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Installing Crankshalt Rear Seal And Wear Sleeve 

Install Crankshaft Rear Seal and Wear 
Sleeve (Hydrodynamic) 

NOTE: New seal groups must be installed dry (no 
lubrication). Seal groups that have been separated 
must not be used. Only new seal groups are 
acceptable for installation. 
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Seal And Wear Sleeve Installation 
(1) Localor. (2) Seal group. (3) Crankshalt. (4) Instal ler. (5) Nut. 

1. Install the crankshaft rear seal and wear sleeve 
assembly with tooling as fol lows 

a. Install locator (1) in position on the crankshaft. 

b. Use 6V1541 Quick Cure Primer to clean outer 
diameter of the crankshaft flange and the inside 
diameter of the wear sleeve. 

C. Put 9S3265 Retaining Compound on the outside 
diameter of the crankshaft and the inside diameter 
of the wear sleeve. 

d . Put seal group (2) on locator (1). Put installer (4) on 
locator (1). Put lubr ication on the face of washer 
and nut (5). Install and tighten nut (5) until installer 
(4) comes in contact Wi th locator. 

e. Remove tooling, and check the wear sleeve and 
seal fOf correct installation. 

Crankshaft Front Oil Seal Installation 

1. Put the seal over the short end of the 5P4194 
Installer Assembly (A). Put a sealer on the outer 
diameter of the seal metal shell. The lip of the seal 
must be toward the inside of the engine. 

2. Put the seal and installer assembly (Al in pOSition on 
the end of the crankshaft. Install bolt (1) and washer 
(2) that hold the crankshaft pulley in place. Tighten 
bolt ( 1) until the installer assembly (A) makes 
contact with the crankshaft gear. ,. 

NOTE: If a new wear surface for the fronl seat is 
needed, put 5P4230 Spacer between the seal and 
Ilange of the installer assembly. 

~\ll \ ~ 
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Inslalling Fron l 0 11 Seal 
(1) Bolt. (2) Washer. (A) 5P4 194 Installer Assembly. 

3. Put engine oil on the lip of the seal before installing 
the pulley. 

I:I~~~-" ":--:--



Crankshaft Pulley Removal 

• 1. Remove pulley retaining boll and washer 

• 

2. Remove the pulley USII"lg a SF7465 Puller Assembly, 
887560 Step P1ate, two 5M2894 Washer, and two 
OS1571 Bolts 

- ... ./ I 

Pulley Removal 
(Typical Example) 

Crankshaft Pulley Installation 

1. Lubricate hp of crankshaft front all seal and the 
seahng sur face of crankshaft pulley with engine all 
(SAE 30). 

2. To Install pulley. start pulley on crankshaft. Put 
screw (4) from the 887548 Push Puller Into the 
crankshaft until it bottoms out. Put cross bar (1) 
from the 887548 Push Puller onto screw (4). Install 
washer (2) and nut (3) onto screw (4), Hold screw 
(4) and turn nut (3) to press pulley onto crankshaft. 
When installed, the pulley hub will contact the 
crankshaft gear, 

3. Remove the tool setup. Install the pulley retaining 
bolt and washer. Tighten the pulley retaining bolt to 
the torque shown in the specifications. 

Installing Pulley 
(1) Crossbar. (2) Washer. (3) Nul (4) Screw. 

Camshaft 

Inspect the camshaft for wear Of damage. There must 
be no pilS or scuffing on the surlace 01 the camshaft 
lobes If damage IS found on a camshaft lobe, inspect 
the valve lifter for that lobe lor damage. Check the 
diameter 01 the camshalt bearing Journals and the 
cams hall tobe height 

Camshaft bearing jOurnals have a diameter of 63,500 
± 0013 mm (2.5000 ±OOO5 in) and the minimum 
diameter worn IS 63 424 mm (2 4970 in) 

To find lobe Itft (A) of camshaft, use the foUovlling 
procedure: 

1. Measure lobe height (8) of one exhaust and one 
intake lobe. 

2. Measure base circle (Cl of one exhaust and one 
intake lobe. 

3. Subtract base Circle (C) dimension (STEP 2) from 
lobe height (8) dimension (STEP 1). The difference 
is actual lobe hft (A)_ 

4. The specified (new) lobe I'ft (A) is: 
Camshaft used with roller lifters 
(a) Exhausllabe ._ .............. _ 9.40 mm (.370 In) 
(b) Intake lobe __ .. ... . 9.33 mm (.367 In) 

Camshaft used With flat face !tilers 
(c) Exhaust lobe ..... 9.40 mm (.370 In) 
(d) Intake lobe ..... 9_06 mm (.357 ,n) 



5. The maximum permissible difference between 
actual lobe lift (STEP 3) and specified lobe lift (STEP 
4) is 0.25 mm (.010 in). 

A 

B 
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Camshaft Lobe 
(a) lobe lift. (b) Lobe height. (e) Base circle. 

With camshaft installed in the cylinder block, check 
end play. End play witll new components should be 
0. 18 ± 0.08 mm (.007 ± .003 in). Tile maximum 
permissible end play is 0.51 mm (.020 in). 

Valve Lifters 

Inspect lifters for wear Q( damage. Tile rolier must turn 
freely in the lifter. There must be no deep scratches 
(grooves) on the side of the lifter body, and tllere can 
be no pits or scuffing on the wear surface of the roller. 

If the lifters do not Ilave wear or damage. the lifter can 
be used again with a used camshaft. 

NOTE: New lifter guide springs must be installed 
anytime the lifters are removed from the lifter bores. 

Camshaft Gears 

1. Remove screw (1) and washer (2) from end of 
camshaft. 

000 

Removing Timing Advance Retaining Screw 
(1) Screw. (2) Washer. 

2. Remove timing advance unit from the camshaft. 

3. Install puller (Al, with spacer (C) over the shaft in 
the camshaft. Put spacer (8 ) on spacer (C) as 
shown and remove the gear from the camshaft. 

Removing Gear 
(Typical Example) 
(A) 1 P2321 Puller. (6) 855579 Spacef. (C) 959155 Spacer. 

To install the gear use the fol lowing procedure' 

1. Heat the gear to a temperature of approximately 
2Q4°C (400"F) before Installing on the camshaft. 

NOTICE 
Do not heat the gear with a torch. Do not heat the gear 
to a temperature of more than 315°C (600°F). Heating 
the gear with a torch or to a temperature of more than 
315°C (600°F) may cause the two drive dowels for the 
automatic timing advance to loosen and come out of 
the gear. 

. ' 
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2. Align slot in gear hub with the pin In the camshaft. 

Install the gear on the camshaft with liming mark on 
gear aligned with timing mark on crankshaft gear. 
Be sure the gear IS completely seated against the 
shoulder of the cams halt. 

NOTICE 
Do not drive the gear on the camshaft. 

3. Align holes in weights with dowels In gear and 
install the automatic timing advance. 

4. Align pin (3) In washer with hole (4) In camshaft and 
install washer (2). 

5. Install screw (1) and tighten to 7.9 ± 0.6 N-m (70 ± 
Sib in). Stake screw in two places. 

Installing Washer 
(21 Washer. (3) PIn. (4) Hole. 

NOTICE 
Stake screw (1) carefully. Heavy blows on washer or 
screw can force the shaft extension too far into the 
camshaft and eliminate all end clearance. 

6. After screw (1) is staked, the gear and weight 
assembly requires OOB to 0.94 mm (003 to 037 in) 
end clearance to prevent binding against the 
washer, camshaH end or camshaft gear. 

007 

Staking Screw 
(1) Scfew. 

Camshaft Bearings Removal and 
Installation 

Remove camshaft bearings using the 1 P5544 Washer 
(1) and 050509 Bolts (2), from the 1P5545 Adapter 
Group, in conjunction with the 8S2241 Camshaft 
Bearing Removal and Installation Group, and the 
8t-Kl684 Ratchet Box Wrench, 

• 

Installing Washel' 
(1) lP5544 washer. (2)050509 Bolt. 

With removal tools installed on cylinder block, remove 
bearings 

Recondition ina 
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Rerr'\OYlng camshaft BeaTings 

Use the 1 P5545 Adapter Group in conjunction with the 
8S2241 Camshaft Bearing Removal and Installation 
Group, and Ihe 8S0684 Ratchet Box Wrench to Inslall 
camshaft bearing. 

, 

Instamng Camshaft Bearings 

The 1 P5545 Adapter Group pilots In the camshaft 
bearing bore and also pilots Ihe bearing into the bore. 
This insures bearing alignment. Install bearings from 
chamfered side of the bore aM align oil hole In 
bearings with oil holes in cylinder block. 

To Insta!1 the camshaft front beam'IQ. IllS necessary to 
machine a notch in the 858289 Tube (3) for clearance 
of the boss that projects above the camshaft bearing 
bore. Machine the notch 38.' mm (I.SO In) wide, 9.5 
mm (.37 in) deep, with a 3.2 rnm (.13 in) radius or 
chamfer in the corners and on the edges. 

3208 Diesel Truck Encine 

Notdl In Tube 
(3)858289 TUbe. (4)8$8288 Cone (5) Notch. 

Invert the 8S8288 Cone (4) and install it in the 858289 
Tube (3) for installation of the camshaft front bearing. 

Inslalling Camshaft Front Bearing 
(3) 858289 Tube. (4) 658288 Cone. 

Engine Test Procedure 

Lubrication for a Rebuilt Engine 

It is very important for a rebuilt engine to have 
"adequate" (needed) lubrication during the first 
seconds of operation. A "dry start" (WIthout needed 
lubrication) on a rebuilt engine can cause bearing 
damage. 

When an engine IS rebuilt with new parts, oil IS put on 
each part as it is installed. This is generally enough 
lubncatlon for engme start·up. However, thiS lubflcallOl1 
may not be enough or may be lost If the rebuilt engine 
IS placed in storage for any length of time. 

D ........... ; . ; _ _ ; __ 
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When a factory assembled short block assembly is 
installed , the 011 used al the factory has to give this 
needed lubrication. However, the factory oil application 
can ftow off the parts In a short block dUring storage or 
shipment. As a result the parts in a rebuilt engine will 
not have "adequate" lubrication al startup, 

To prevenllhe possibility of a "dry start" and bearing 
damage dUring the flfst seconds of running, use the 
1 P0540 Flow Checking Tool Group, and shop air 
pressure to pressure lubricate (fill the main oil passage 
with oil under pressure) all rebuilt engines. 

Procedure for Pressure Lubrication 

1. Clean the lank of the 1 P0540 Flow Checking Tool 
Group thoroughly. 

2. Put approximately one gallon of engine oil In the 
tank. 

3. Connect the tools to the engine as shown. The tap 
shown is connected to the main oi t passage. 

-
Pressure Lubrication 
(Using the lP0540 Flow Checking Tool Group) 
(Typical Example) 

A WARNING 

If shop air is used, set the tank regulator to the 
minimum kPa (psi) setting. If air pressure is too 
high, fittings and hoses can be blown off or the tank 
can explode causing personal injury. Do not exceed 
415 kPa (60 psi) air pressure in the tank. 

4. Add air pressure to the tank. Set the regulator at 
240 ± 35 kPa (35 ± 5 psi) Although the tank does 
have a hand pump, it is difficult to get enough air 
pressure to do the job with the hand pump. 
Therefore, use of the shop air is recommended . 

5. Let the one gallon of engine oil !Iow into the 011 
passage under p!'essure. 

When filling the crankcase, put In one gallon of oil less 
than the recommendation in tile Operation And 
Maintenance GUide, it engine has received this 
pressure lubrication application. Also if the engine is 
not going to be used for a long lime, do the above 
p!'ocedure again before the first starting 

If shop air IS not available for charging the tank, the 
hand pump may be used to get the minimum reqUired 
pressure. 

NOTICE 
Do not use the same 1 P0540 Flow Checking Tool 
Group for both ·pressure lubrication application" and 
for checking fuel flow. Incorrect cleaning is probable if 
the tool is used for both fuel and lube oil. Even a minute 
amount of dirt in the fuel system can cause nozzle 
fa ilure. 

Initial Operation After Engine 
Reconditioning 

The quality of oil control components used in 
Caterpillar engines is such that , following engine 
reconditioning (with Caterpillar Service Parts), only an 
initial operational check is necessary before continued 
operation In normal service. 

The purpose of this initial operation check is to: insure 
that the engine has been assembled properly: 
determine if p!'oper pressures and temperatures are 
maintained In the lubricatIOn, cooling and fuel systems: 
correct any leaks; perform necessary adjustments 
(such as valve clearance, governor high and low idle 
speeds, etc.): check the power setling of the engine 

To provide a safe, untt()(m Inlbal operallOnal check, the 
following procedure is recommended: 

1. Motor engine at cranking speed until all pressure is 
observed 

2, Operate engine for 10 minutes at low idle. 

3. Operate engine for 15 minutes at half-load and-1'4 
rated speed. 

4. Operate engine for 30 minutes at rated load and 
speed. 



Dynamometer Test Precaution 

To avoid possible engine damage ""hile testing on a 
dynamometer, the thermostats must be installed and 
the shunt line connected as shown . 

.,. 
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Shunt Una CorvIected To Engine 
(TypiCal Example) 
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