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CONSTRUCTION EQUIPMENT PUBLICATIONS INFORMATION

THE PUBLICATIONS LISTED ON THE BACK OF THIS ORDER FORM ARE AVAILABLE FOR THIS PARTICU-
LAR MACHINE(S). PLEASE TEAR OUT THIS PAGE AND CHECK THE PUBLICATIONS DESIRED. FILL IN ALL
THE INFORMATION REQUESTED ON THIS ORDER FORM!

A PRODUCT PUBLICATION INDEX AND PRICE LIST
IS AVAILABLE TO ALL CONSTRUCTION EQUIP-
MENT OWNERS. IT CONTAINS A COMPLETE LIST-
ING OF PRODUCT PUBLICATIONS INCLUDING OP-
ERATOR'S MANUALS FOR APPROXIMATELY 270
CONSTRUCTION EQUIPMENT MACHINES AND
OVER 100 ENGINE POWER UNITS.

SPECIAL PUBLICATIONS, SUCH AS SERVICE TOOL,
ENGINE DIAGNOSTIC, AIR CONDITIONING, FUEL
INJECTION PUMPS AND TURBOCHARGER SER-
VICE MANUALS ARE ALSO AVAILABLE AS WELL
AS SELECTED OPERATOR’'S AND SERVICE MAN-
UALS IN THE SPANISH AND FRENCH LANGUAGES.

THE CATALOG ALSO CONTAINS A SPECIAL LIST-
ING OF AVAILABLE ARCHIVE PUBLICATIONS,
SOME OF WHICH DATE BACK TO THE 1930%.

Please send me (Check items in box):
E] Copy of Product Publications Index and Price List 1 019 104 R20 (or later) {Price: $2.00)

Please direct all inquiries to:
INTERNATIONAL HOUGH DIVISION
DRESSER INDUSTRIES
EAST SUNNYSIDE AVENUE
LIBERTYVILLE, ILLINOIS 60048
ATTENTION: TECHNICAL PUBLICATIONS

NOTE: Enclose check or money order payable to International Hough Division. DO NOT SEND CASH.
{Please allow up to 30 days for delivery.) ORDERS ARE NOT SHIPPED COD.

TYPE or PRINT information in the spaces below.

Date Amount Enclosed $

Name

Address

City. State Zip

Printed in United States of America
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LONGITUDINAL SECTION OF ENGINE

(4-Cylinder Engine)

31 — Manifold, intake
32 — Front plate, crankcase
33 — Gear, injection pump

38 — Oil filter socket
38 — Oil pressure switch

41 — Feed pump, fuel {if so equippsd)
42 — Manifold, exhaust
43 - Thermostat {short coolant manifold}

. I |
‘ ~J_Hli:§
o iHliué .
n° 5“ > 4
21
/ f:” "\Q -,"
. bt
9
2 %
s
Hiust, 1
Ref. Nos. apply equally to lllust, 1 and 2
1 — Piston ring:; 16 — Oil suction Screen
2 — Piston, 3-ring type 17 — Qil drain plug
3 — Cylinder sleeve 18 — Oil pipe
4 — Connecting rod 19 — Oil pump 34 — Starting motor
5 — Q-ring 20 — Idler gear 35 — Filter, fuel
6 — Vaive lever 21 — V-helt pulley 36 — Qi filler neck
7 — Valve, exhaust 22 — Vibration damper (if used) 37 — Qil filter
8 — Valve seal 23 — \dier gear carrier
9 — Valve stem guide 24 — Water pump
10 — Valve seat insert, exhaust 25 — Thrust bearing, crankshaft 40 — Breather
11 — Valve push rod 26 — Rear oil seal retainer
12 — Valve tappet 27 — Flywheel ring gear
13 — Camshaft 28 — Fiywheel
14 — Qil pan 29 — Nozzle holder
15 — Balancer 30 — Heating pipe

CGES-310-1
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CROSS SECTION OF ENGINE

{(4-Cylinder Engine)

g
T
/e
O :r
¥ .1\!

v l— 3
\8 LR 29 m

—

PRINTED N UNITED STATES.OF AMERICA

Hlust. 2
NGIN CYLINDER BORE STROKE DISPLACEMENT DIMENSION AT
mm inch mm Inch Litre Cubic Inch mm Inch
D-155 3 98.4 3.875 1111 4,375 254 155 424,18 16.70
D-179 3 98.4 3.876 1286 5.059 294 179 458.72 18.06
D-206 q 98.4 3.B75 111.1 4.37% 3.38 206 42418 16.70
D/DT-239 4 98.4 3.875 128.5 5.059 3.92 239 458.72 18.08
)-246 4 98.4 3.875 1285 5.059 4.03 246 458,72 18.06
D-268 4 100 3.937 139.7 5.500 4.40 268 454,32 18.28
D310 6 98.4 3.875 1111 4,375 5.08 310 42418 16.70
0/DT-368 & 08.4 3.875 1285 5.059 5.87 358 458.72. 18.06
DT-402 6 100 3.837 139.7 5.500 6.59 402 464.32. 18.28
CGES-310-1

P



e,

TYPE

Direction of rotation, facing flywheel
Compression ratio

" Compression at starting speed, MPa {PSl)

Firing order
D-165, D179
p-2086, D239, D—-246, D—268, DT—239
b--310, D—368, DT-3568, DT—402

Valve clearance, engine hot

COOLING SYSTEM

Most favorable operating temperature

AlIR SYSTEM

Max. permissible restriction before
servicing the air cleaner

LUBRICATING SYSTEM

Qil pressure at rated speed, Pa {PSi)

Oil pressure at low idle speed and 90°C {194°F)
oil temperature, Pa (PS1)

Lubricant

Qil consumption, less than

INJECTION SYSTEM

Injection pump
Nozzle opening pressure:
Fiange mounted nozzle holder, MPa {PSi)

Nozzle opening pressure: Crab mounted nozzle holder, see

“Nozzle Holder Combinations' Page 177

ELECTRICAL SYSTEM

Alternator

Starting Motor

PRINTED N UNITED STATES OF AMERICA
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4—Cycle—Diesel—Engines

L.H.

16:1 {except D268 and DT-402)
15:1 (D—268 and DT-402)
2.2—-2.4 (313-341}

132

1-3—4..2
1—-5-3—-6-.24
0.30 mm (012 in.)

90°—095°C (194°—~203°F)

635 mm (25 inch} of water

303-414 (44-60)

min. 90 (12.8)
see “Operator's Manual®™
1 g/HP hr

Robert Bosch Rotary

2021 (2845—-3000)

“Bosch” 14 V—28 A
14 V=35 A
14 V55 A
28V-27 A
28 V45 A

“Bosch™ 12 V 3kW (4 HP)
24 V 4kW (5.3 HP)
24V 4.8kW (6.4 HP)



Crankcase Pressure and Blow-by Chart

Max. Crankcase
Pressure

Max. Permissible Blow-By

Engine | (High Idle, No Load}

. at Engine Idling at Rated Load
mm H0\in HaO | AFM cu, m./r feu, fe./ar) | cu, m./hr fou. ft./r)

1500 1.0 { 35.3) 2:0 { 70.6)
D-155 38 15 o500 15 { 53.0) 2.5 { 88.0)
2100 15 { 53.0) 2.0 { 70.6)
D-179 38 15 o500 1.5 { 563.0) 25 { 88.0)
2100 7.5 { 53.0) 25 { 88.0)
D-206 51 20 1250p 1.5 { 53.0) 3.0 {106.0}
*D-239 51 20 |2100 15 { 53.0) 2.5 { 88.0)
**D.239 114 45 | 2200 15 { 53.0) 2.5 ( 88.0)
DT.239 | 152 6.0 | 2500 2.0 { 70.6) 3.5 (123.0)
2500 2.0 ( 70.6) 2.0 (106.0)
D-246 51 20 15700 20 { 70.6) 3.5 (123.0)
2500 2.0 { 70.6) 3.0 {106.0)
D-268 51 20 | 2200 1.5 { 53.0) 3.5 (123.0)
2300 2.0 { 70.6) 3.5 (123.0)
_ 2400 2.0 { 70.6) 3.5 (123.0)
D-310 64 25 {3000 2.0 { 70.8) 4.0 (141.0)
_ 2200 15 ( 53.0) 3.0 (106.0)
D-358 127 50 13000 2.0 { 70.6) 4.0 (141.0)
] 2200 4.0 {141.0) 6.0 (212.0)
DT-358; 165 65 {2500 40 (141.0) 6.0 (212.0)
2200 2.0 { 70.6) 3.0 (106.0)
DT-402 165 85 2500 2.0 { 70.6) 3.0 {(106.0)

*With rectangular top ring
**With full keystone top ring

NOTE: Refer 1o ""Checks” for testing procedure and proper tools.

Pressure readings obtained must not be used as the main source of engine condition,
Qil consumption trend data must also be used if the pressure readings are beyond
the specified limits. Neither changes in oil consumption trends nor crankcase
pressure trends can establish a specific component problem but are only indicators

that some problem exists.

IMPORTANT

CGES-310-1
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Static Timing {Degrees BTDC) *

PRINTED IN UNITED STATES OF AMERICA

D - 155 & D — 239 # D — 246 & D —358 d
423, E--423 10 DT — 239 824 18 DT — 358 .
383 10 724,734 14 834 18 1055, 955 14
500 C/E i2 824,744 S.U, 16 844 18 1630 A, 1730 A, 18
453 10 824 834,744 Crane| 16 784 16 1830 A
V/E-433,V/E—-533} 10 TO-7E,100EPS.| 12 84 Hydr. 16 531,541, (8—111) | 18
V/E 433 Series 1| 8 TD-8C,PS. 12 268 1T 16 Acco 1820 with 18
V/E 633 Series 11 10 125 G.D./P.S. 14 27817 16 AT-540
S.U. 533 10 H-—-30 B, Galion Gr.| 18 17308 — 19308 18
5033 12 H—-30 B Nico 16 Galion. 102 Grader { 18
433 8 321,431 12 DU-2D 16
533 10 { |ingersoli-Rand 16 D — 268 H--60 16
5000/5500 W.R. 16 8445 8 Series 200 ATk. 18
1130/1230 TOE 12 845 8 M.T.
D — 179 743,745 § 186 620 B 8 1046 18
553 14 6574 H.S. 16 510 18 15215 18
633 14 574 G.D. 12 TD—8 CA 8 725 5P 14
4500 B T.C, 14 3654, 3654 S.U, 14 884 16 H658 17
454 G.D./454 H.S. | 14 3500 AG.D/HS. [ 14 270 A 16 866—HS (Austr.) 16
464 G.D./H.S. 14 674 G.D. 14 J964/3965 18
3654 S.U. 14 2500 A G.D. 12 3980 16
484,248 1T 14 125 B u, TD—8B 12 D — 310 515 16
SU—644—LD 14 Ser. |} 946 (2100 RPM) 16 976,986,886 (U.S.}| 16
2454 G.D./H.S, 14 S.U. 644—-H.D. 14 946 (2200 RPM) 10 §—8A,S-10 16
280A8SM/HSJ/T.CL 14 4-WD, 686 14 H-60—-B, 520 A 16
3400 A G.D./H.S. 14 3400 B S.M. 18 766 10 H—-65C 16
2000 AG.D/HS. | 14 H.S./T.C. 956 12 530 A 16
irrigation — Unit 14 684 16 431,531 16 943 18
; 2574 G.D. 12 H—-B0 B 12 953 16
250 A, S.M, 12 DU--2 D 16 923 16
D - 208 260 ATCSM./HS. | 18 D—-1500C 18 933 18
5564, 654, 644 12 Irrigation Unit 18 616/622 H.S. 16 1420 10
221 14 2500 AH.S. 14 711 8.P. 10 3990 16
TD=7 CG.D, 12 2574 H.S, 14 Header Harv, 650 16
100 G.D. 12 250 AHS./T.C. 14 165 C 8 3980 B/3984 B 20
733 12 696 14 630 i8
474 G.D./H.S. 14 |—-3820 A 14 280 PH 20
100 B Series il 10 9000 F.L. 14 1246 16
584 12 715 Comb. 12 1256 8
TD—-6B 10 782 Cotton Picker | 16 786 18
100 B, 624 10 786 10 1400 12
258 1T 12 86 Hydr. 8 trrigation — Unit 16
624 (Mexico) 12 640 (D — 358) 16
640 (DT — 358) 20
DT — 402
3394, 650 HD 16
253 HS, 953 GD 16
1455 14
530 AS 16
CGES-31G-1




SPECIAL SERVICE TOOLS REQUIRED

AGRICULTURAL * CONSTRUCTION TRUCK
TOOL DESCRIPTION EQUIPMENT (FES) EQUIPMENT EQUIPMENT

Piston Ring Drop Fixture 04-68-3 {68-3) PL.T-601 SE-2206
Camshaft Bearing Remover/Installer Set 04-101 {101} PLT-543 -
ENGINE TOOL KIiT _ PLT-511 -

Rear oil seal installing tool 04-149-2 {149-2) PLT-5114 -

Installing tool spacers 04-149-21 (149-21} | PLT-511-2 -

Injection nozzle steeve puliey 17-25-12 (25-12) PLT-509-11 —

Engine valve guide driver 04-112.6 (1125) PLT-511-4 -

Cylinder head offset wrench 04-112-6 (112-8) PLT-511-5 -

Cylinder head special holt wrench 04-1128 {112-8) PLT-511-6 -

Front engine seal installer 04-112-7 {112-7) PLT-511.7 -
Cylinder Deglazer Brush 04-130-4 {130-4) PLT-547-4 SE-23144
Valve Guide Cutter 04-145 {145) — -
Nozzle Sleeve Installer 04-148-2 {148-2) PLT-610-2 -
Valve Spring Compressor 04-462 (462} - S5E-1846
Piston Ring Compressor 04-464-2 {464-2) - SE-1610
Cylinder Ridge Reamer 04-467 {467} - SE-1405
Cylinder Hone 04-468 {468} - SE-1574
Valve Guide Reamer 04-478-1 {478-1) PLT-545 -
Pressure/vacuurm Compound Gauge 14-1-3 (1-3) PILT-866-3 -
Male Connector 14-2-78 (2-78) PLT-864-62 -
Hose Assembly 14-2-33A {2-33A) PLT-864-23) -
“0" Ring and Packing Tool 14-57-3 (57-3} PLT-106 -
Pressure Snubber 14-94-6 (94-6) PLT-860-6 -
Thermomelt Pencil 198°C (388°F) 15-115-1 (116-1) | PLT-118-1 -
Thermomelt Pencil 93°C (200°F) 15-115-3 (115-2) | PLT-118-3 —
Dial Indicator 15-67-1 (67-1} FLT-102-1 —
Valve Spring Tester 15-233 (233) PLT-100 —
Compression Tester 16-13-1 {131} PLT-519-1 -
Compression Tester Adapter 15-14-2 {14-2) PLT-520-2 -

Nozzle cup nut and 3 056 945 R1 and 3 056 945 R

Copper sealing washer 116102 116102
Diesel Timing and Tachometer Kit 156-3005 {3005) PLT-301 SE-2528
Nozzle Tester 18-71A {71) PLT-360 SE-2002
Nozzle Tube Assembly 16-72-1 {72-1) PLT-360-1 SE-2004-13
Adapter 15-72-2 {72-2) PLT-360-2 SE-2757
Hose Assembly 16-72-3 {72-3) PLT-361-3 -
* {FES) refers to old numbering system

CGES-310-1
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SPECIAL SERVICE TOOLS REQUIRED

AGRICULTURAL * CONSTRUCTION TRUCK
TOOL DESCRIPTION EQUIPMENT {FES} EQUIPMENT EQUIPMENT
Fuel rator with fittings and hoses 16-136 {136} - -
Fuel Diverting Kit 15-132 (132) -
Injection Pipe Assembly
{For use on D-239 Engine) 15-132-10 {132-10) - -
Diesel Field Test Kit 15-126 {126) - -
Engine Stand 17-62A (52} PLT-540
Engine Attaching Plate 17-62-11 (62-11) PLT-540-2
Nozzle sleeve puller adapter
{Use with slide hammer with 5/8" - 18 thread) 17-25-12 (256-12} PLT-500-11
Universal Wet Sleeve Puller 17-22-2 {22-2) PLT-502-3 SE-25636
Injection Nozzle Puller 05-46 {46) PLT-358 -
Injection Pump Kit (includes: _—— PLT-357 _—
Holding fixture 05-111-1 {111-1) PLT-367-1 -
Drive hub puller 05-111-2 (111-2) PLT-357-2 —
Combination metric wrench ——— PLT-357-3 -
Delivery valve gasket remoaver 05-111-4 (111-4) PLT-3674 —
Timing window 05-11156 (111-5) PLT-367-5 -
Banjo fitting 05-111-6 {111-8) PLT-367-6 —
Bmm Allen wrench - PLT-357.7 -
Control plunger spring pre-load tool} 05-111-8 {111-8) PLT-367-8 —
Nozzle Orifice Cleaning Needle Kit 05-131 {131) PLT:368 SE-2202
SAE Test Nozzle 05-137-20 (137-20) { PLT-375-1 -
"CR" Injection Pump Kit {Includes: 05-504 {504]) PLT-3586 - ——
Timing window adapter 05-504-1A {504-1A}{ PLT-356-1 -
Pressure port adapter plate 05-604-2 {504-2} PLT-356-2 -
Rotor retainer 05-504-3 {504-3) PLT-366-3 —
Alignment tool 05-504-4 {504-4} PLT-356-4 -
Shaft seal protector 05-504-5 {604-5) PL.T-356-5 -
Slide hammer 05-504-6 (604-8} PLT-356-6 -
Bullet toot (seal} 05-504-7 {504-7) PLT-3586-7 —
Bullet tool (seal) 05-504-8 (504-8) PLT-356-8 —
Roller Assembly retainer 05-504-9 (504-9) PLT-356-9 -
Plastic box 05-504-10 {504-10) | PLT-356-10 -
Timing window ——— PL.T-357-5 —
Control plunger gauge) 05-504-11 {604-11} | PLT-3566-11 -
Counterbare Tool {includes: — PLT-B46 -
Driver Unit, handle and tool bits — 1020 553 R91 SE-2514
Adapter plate - 1020 654 R1 SE-25144
Tool holder - 1 020 556 R1 -
Toal bit) - 1020561 R1 —
Depth Gauge (not included in Kit) — 1 020 560 R91 SE-2515
Crankshaft Balance Weight Socket Adapter 04.575 ~ -~
Crankcase Pressure Orifice Restrictor 15-5633-6 PLT-556 -
Crankcase Pressure Orifice Restrictor 15-633-5 PLT-554
* (FES) refers to o!d numbering system
CGES-310-1
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SPECIAL NUT AND BOLT TORQUE DATA

Nem Ibs-ft
NOTE: Torque values are in Newtonmeters (Nesm) and
pound feet {Ibs-ft) except where pound inches 1st 2nd Final 1st 2nd Final
are specified (#). Step Step Step Step | Step Step
*Balance weight necked-down bolts whe 30 —_ 58 22 - 43
*Balance weight pitch diameter bolts 80 —_ 102 44 — 76
*Main bearing eap necked-down bolts 10.9 B 40 80 110 30 59 81
*Main bearing cap necked-down bolts 12.9 Hw 40 80 135 30 59 100
*Main bearing cap pitch dizmeter bolts 12,9 40 80 195 30 59 144
*Main bearing cap pitch diameter bolts 10.9 40 80 145 30 59 107
*Cennecting rod nuts 25 —_— O 18 — O
*Antaslar spring tightener element or clamping ring 30 60 63 22 44 46
**1dier gear necked-down bolt nw — —— 93 N G9
**idler gear pitch diameter bolt 30 70 103 22 52 76
*Flywheel bolts 40 80 145 30 59 107
Bolts, seal ring retainer, rear 15 —_ 19 11 — 14
*Cylinder head nuts xR 40 80 120 30 59 89
*Cylinder head studs *uw —_— —_ 55 — — 41
*Cylinder head cap screws with round washer R 40 80 115 30 59 85
*Cylinder head cap serews with collar 40 80 149 30 59 110
Valve lever bracket studs — — 38 — —_— 28
*Valve lever bracket stud nuts h — —— 65 - — 48
\;'f-al'v'e set strew — clamping movement —_ — 3 _ —~ 23
2 o Valve lever bracket clamping screw — —— 11 — e {97}
: Side cover screws : —-— —_ 17 —_ —_ 13
Engine breather screw {use new packing ring) —— — 9 nm—— —— | . (80)#
Qil prassure gauge — —_ Max. 10 — —— .(ﬂh.flax."BS)#
Temperature sender unit ——— —_— Max. 20 - - Max. 15
Exhaust manifold stud nuts —_ - 38 - — 28
Exhaust manifold stud —_ — 38 . —_— 28
Nozzle holderstud —_— — 16 _ _ 12
Nozzle holder stud nuts F ‘;’;ﬂif&?“;‘;gﬁ 5 | — M {@a| — | on#
Nozzle union nut ) _ — — 70 — — 52

- {}# Represents pound-inch.
~* Ol while mounting.
. ¥ Use liquid locking compound while mounting {Loctite #271).
74 "™* Np longer used in production.
0 After pre-torque tighten additional two edges or 120°.
T UITED STATES OF AREBRICA
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SPECIAL NUT AND BOLT TORQUE DATA — Continued

MNem 1hs-ft
MOTE: Torque values are in Newtonmeters (Nem) and
pound feet (ibs-ft} except where pound inches ist 2nd Final st 2nd Finat
are specified (#). Step Step Step Step | Step Step
*Bolt Crab Mounted | —— - 25 - 1 - 18

Nozzle union nut Nozzle Holder | __ - 60 — - 44
Nozzle holder {eak oil connection hollow screw - _— 5 —_ — (44)#
Injection line union nuts —_— —_ 23 —_— - 17
Valve cover adapter stud — — 17 —— —_ 13
Valve cover stud nut - — 6 e e (53)#
Valve cover screw — —_ 6 —= e (63)#
Valve cover housing bolt —— — 16 — —— 12
Qii pan drain' plug (when asbestos-filled L . 55 . s 21
packing ring is used)
Oil pan drain plug {when copper ring is used) e — 145 — — 107
Plug with socket head {cil gallery-crankcase} — —_ Max. 12 — —_ Max. 9
Injection pump gear bolt 15 —— 27 11 — 20
Injection pump cover bolt {tighten crosswise) 4 — 9 (3B)# | — {80)4#
{njection pump flange nut 15 —— 24 11 —— i8
Injection pumgp plunger end plug —_ —— 50 - — 37
Injection_ p}:mp drive shaft nut L L 65 ____ . 48
{for VA injection pump} :
Injection pump drive shaft nut . L 93 _ L 69 =
{for VE injection pump)
Hollow screws {(SW17 and SW19) —_— - 23 e —— 17
Bolts, sheet metal oll pan —— —— 13 — — 10 .
Bolts, grey iron oil pan - ——— 32 — —— 24
Turbocharger V-Clamp —_— —_ 12 —_— — ‘D
Front P.T.0. Clamping Ring Capscrew 15 —— 29 11 —_ 21
Support Angle Bolt {for VE injection pump) e — 8 —_ — {(71)#

LS

{)# Represents pound-inch,
* Qi while mounting.

** Use liguid jocking compound while mounting {Loctite #271).

#** No longer used in production,

CGES-310-1
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IDENTIFICATION OF DIFFERENT BCOLTS

ilust, 3

A — Shaft diameter
B — Stamping on bolt head

A — Different shaft diameter

Main bearing bolts, necked down
Main bearing bolts, pitch diameter
Balance weight balts, necked-down
Balance weight bolts, pitch diameter
Idler gear halt, necked-down

Idler gear bolt, pitch diameter

10.4 mm = .4094""
12.7 mm = ,4999"

8.6 mm = .3385"
10.2 mm = ,4015"”
9.6 mm = 3779"

11.3 mm = .4449"

B — Different stamping on bolt head, e.g. 10K, 12K, 10.9, 12.9 or a cir-
cular stamping on idier gear pitch diameter bolt

_Noté."x-lsame bolts receive a special shot peening ireat-
ment.at the engine assembly line. It is important, there-
o use only the specified bolts to comply with our
qdality standards.

SPECIAL TOOLS

"{nternational”” Diesel engines are designed so that few
service tools are required other than those in the mecha-
nic's tool kit, However, when the use of inexpensive
special tools will facilitate work, such equipment is
mentioned in this manual.

Where local manufacture of special tools is recummen-
ded, details are shown in the respective sections of this
manuai.

CGES-310-1
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VALVE LEVER ASSEMBLY

vao
%9 i

flust. 4

General

The valve lever assembly receives its lubrication through
the holiow valve lever shaft, Oil holes are providedin the
valve lever shaft (5) Illust. 5 to lubricate individual valve
levers.

An oil port is provided in the shaft which must line up
with the respective cil-way in the bracket. The mark (3}
Ifust. S must be in line with the clamping slot of the
front bracket. Replaceable oil plugs (24} lliust, 4 are
used to close up both ends of the shaft.

Valve [evers for intake and exhaust valves differ in length
but are provided with the same replaceable bushings

which must be reamed to size after installation.

Replacement levers are supplied with bushings in place.

Specifications

Removat and Disassembly
Thoroughly elean the engine externally.
Remove valve housing cover.

Remove nuts from siuds (1) llust. 5 and )ift the complete
valve lever assembly clear of the cylinder head. Loosen
clamping bolts (2} and press in brackets slightly towards
the center; taking care they do not slide off the shaft,
resulting in levers and springs, etc. being scattered all
over the floor. Slide all parts off the shaft and place
them on a table in removal order to facilitate correct
reassembly.

fHiast, 5

1 - Stud nuts

2 — Clamping bolts
3 — Bracket, front
4 — Brackeg, rear
5 — Spring

in brackets { ) max. permissible wear before reconditioning.

Valve lever shaft, dia
Valve lever bushing, dia

{Clearance on shaft

Radius on contact end {3} illust, 8

Hardness on radius

Depth of hardness
Spring {12} lllust, 4, Free length

Test length

Test load

21.593—-21.568 mm = .850- 849"
(0.03 mm = .0012" out of round)
21.615—21.640 mm = .851-.852"
(0.03 mm = .0612" out of round)
0.022-0.062 mm = .0009--.002%
(+ 0.5 mm = 020",
1270 mm = 050"

RC b5
0.8 mm= 031"
377 mni= 1.487

250 mrn = 1.00"
29N = 3 kg = 6.6 {bs.

CGES-310-1
PRINTED IN UNITED STATES OF AMERICA



12

Cleaning, Inspection and Repair

Clean all parts in kerasene or Diesel fuel and blow dry
with campressed air  Be suee all oil passages are free
from sludge and sediment.

Check valve lever shaft, lever bushings, thrust washers,
and spacer rings. Check bushings and valve lever-shaft
for scoring and out-of-round wear and replace, if neces-
sary. Use a suitable orift punch and press plate and
drive bushings out of valve levecs.

install new bushings {2}, The new bushing must be flush
with the two side faces 15} Hlsst. 6. Use a 3mm = 1/8”
drill to open the oil passage (4} in the bushing and re-
move chips and burrs. FHeam the bushing to size, see
“Specifications’”

Valve Lever

Regrind valve levers that show excessive wear or hammer-
ing at the ends {3} which contact the valves. Remove
only enough material to give an even face on the end of
the valve lever and take care that the rounding is main-
tained lengthways to assure perfect gliding action on the
valve stem. Be sure that the surface is not ground out of
line with the valve lever shaft in the lateral plane as this
would place side thrust on the valve stem, thereby
causing out-of-round wear on the vailve guides.

When reconditioning contact end {3):

a) Use special refacing machine.

b} Maintain specitied radius.

‘e) Be sure depth of haidness is sufficient after re-
working.

MMust. 6

1 — Exhaust valve lever

2 — Lever bushing

3 - Valve contact end

4 — Oil passage, 3mm @ = 1/8"" @

5 — Side face
6 — Valve adjusting screw
7 — Lock nut

Where appropriate grinding facitities for valve levers are
not available it is advisable to install new valve levers as
a complete set,

Inspect contact face of the valve adjusting screw (B) for
hammering.

Adjusting Screw
Check and replace damaged screws with new ones.

SHAFT

Check for out-of-round., Replace a worn shaft with a
new one,

NOTE: New design rocker arm shafts are Deep-Niiroc
treated so that the surface will be dull, mat gray in
appearance, rather than the earlier design induction
hardened polished appearance.

Check expansion plugs on both ends of the lever shaft
for leakage and replace plugs, if necessary, using liquid
sealer: Check valve lever springs against specifications
and replace with new ones if signs of corrosion, chafing
or fatigue begin to show.

Valve Housing Cover

|
I
3 AN O—s

L

lHust. 7

—)
J

1 — Valve housing cover
2 — End holes

3 — Gauge bars

4 — Leveling plate

5 — Measuring point

Inspect valve housing cover for cracks and distartion.

Place the valve housing cover on a leveling plate, lllust, 7.
Check the cover contacts bars {3) on four points. A gap
up to 0.5 mm = 02" at one point is permissible. Check
the height on both cover ends at measuring points (5}. A
difference up to 1 mm = 04" is permissible. Check
valve housing cover also for cracks and other damage.

I cracked or if warpage exceeds above limits, replace,

CGES-310-1
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Reassembly and Instailation

Hust. 8
Figures of 1Hust. 8 show sequence of reassembiy
Reassembie the valve lever sha®t in accordance with

liust., 8 commencing with front bracket {2). OQil alt
parts before reassembly.

Hiugt, 9

1 — Valve fever shati

2 — Valve leves shalt bracket, front

3 -- Punch mark

4 - Clarnping slot

5 — Clamping bolt

6 — Expansion plug
Punch mark (3) lilust. 9 of the shaft must be in line witn
clamping siot (4. Be sure the shaft end s flush with
bracket (2}, This will ensure that oil passages in bracket
and shaft correspond,

Tighten elamping bolt (B) lightly to secure this adjust-
ment.

Take care 10 slternate intake and exhaust valve levers,

On reassembly chserve the following:

13

Spacer rings are installed on either side of every inper
valve lever shaft bracket and on the inner side of the
front bracket {1) illust. @a. There is no spacer ring
between the rear bracket and the adjacent valve lever.

2 3 5 4 2

Must. 9a

1 — Bracket, front
2 — Spacer
3 — Exhaust valve lever {short}
4 — Intake valve lever {long}
5 — Washar
6 -- Spring
A — Max. 1.2 mm {0.047 in.} deviation of
center line between lever and valve stem

Springs {6}, located between each valve lever pair, have
thrust washers on both sides. Take care to alternate
intake and exhaust valve levers, Siide the assembly on
studs {2) {lhust. 10.

Nust. 10

Removal or installation of valve iever shaft assembly
1 — Valve lever shaft bracket
2 — Stud
3 — Clamping bolt

Tighten stud nuts and clamping bolts to specified torgue.

Check dimension A" ({lHust. 9a) and adjust valve
clearance.

CGES-310-1
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CAMSHAFT, IDLER GEAR, TAPPETS and PUSH RODS

Hiust 11

Specifications

General

The camshaft (19} Hlust. 11 (and the injection pump)
are drivan from the front end of the crankshaft through
a train of gears. All gears are punch-marked to ensure
correct tuning.

The camshaft is supported in bushings.

End float is controlled by thrust plate {20). The drive
gear {21} is keyed and shrunk to the camshaft end.

The camshaft bushings are pressure lubricated from the
oil gallery and have drilied holes.

In brackets { } maximum permissible wear before reconditioning,

Camshaft, Dia (Early type)
Camshaft, Dia (Current type)
Cam lobe width (Early type)
Cam lobe width {Current type)
Cam lobe lift

Cam lobe lift

Journals, Dia

Bushings, i. Dia

Camshaft running clearance in bushings
Camshaft end float

Gear (21} 1llust. 11

Bore, Dia

Gear seat, Dia

Backlash, Drive Gear (21) / idler Gear {30}

Idler Gear (30}

Bore, Dia

Running, clearance

End float

Backlash |dler Gear / Crankshaft Gear
ldler gear carrier, Dia

Valve Tappets {16}
Dia

Bore in crankcase
Effective length
Clearance in crankcase

Push Rads {17)
Effective length, D-155, D-206 and D-310

D-179. D-239, DT-239, D-246, D-358, and DT-358

D-268 and DT-402

Thrust Plate {20}
Thickness
Bore, Dia
Bore, Dia

29.0--31.0 mm = 1.14—-1.22"
30.0-32.0 mm = 1.18-1.26"
22.0 mm= .87"
26.0 mm = 1.02"

8.05-8.13 mm = .317-.320"

8.06-8.13 mm (.317—.320"")
58.00-57.97 mm = 2,2835—2.2823" {- 0.03 mm = .0012")
58.054~-58.024 mm = 2,856--2.844" (0,03 mm out-of-round)
0.024-- 0.084 mm= .0010— .0033 (+ 0.03 mm =.0012"}
0.10 — 045 mm= 004 — 018

41.275—-41.300 mm = 1.6250-1.6259"
41.333—41.317 mm = 1.627 -1.6260"
0.08 - 0,27 mm= ,0035— ,0106" {(+ 0.3mm=.012")

42.038—42,022 mm = 1,65560--1.6543"
0.010~ 0.040 mm= .0004— .0018"
020 - 033 mm= .008 — 013 "
018 — 0.38 mm= .007 — 018 " {+0.3mm=.012""
35.000-349888 mm = 1.3779-1.3775

19.970-19.985 mm = 7865— ,7868" (- 0.03 mm = .0012")
19.897-20,030 mm= _7873— .7885" (+ 0,056 mm = ,0020")
48.100—47.700 mm = 1.8937-1.8779" {- 0,10 mm = .,004 "'}

0.012- 0.060 mm = ,0004— .0023" {+ 0.08 mm =.003 ")

177.00-176.50 mm = §.968—6.949" (- 0,40 mm = .016")
211.50—-211.00 mm = B.326—8.307" {- 0.40 mm = .016™)
217.00—-216.50 mm = 8,643—-8.524" {- 0.40 mm = .016")

7.01— 896 mm = .276— 274"
452 mm = 1.779" {present}
44.2 mam = 1.740"" {displaced)

CGES-3101
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Removal and Disassembly
Note 1:
Before camshaft removal check:

al Backlash of camshaft drive gear
b} Camshaft end float
¢} Cam lobelift

Note 2:

Cam lobe lift may be checked by means of a dial indica-
tor gauge.

Rest the stylus of the dial indicator on one of the push
rods.

Rotate the engine one revolution and note dial indica-
tor reading.

Cornpare reading with 'Specifications”.

illust, 12

Remove valve housing cover, valve lever shaft assembly
and crankecase front cover. Refer to respective sections.
Lift out push rods. (Arrows, Itlust. 12)

Hlust, 13
1 — Camshaft drivegear 3 — Idler gear

2 — Aperture_ 4 — ldler gear bolt, LH thread

15

Check backlash, running clearance and end float of idler
gear {3} Illust. 13 before removing it,

Remove bolt {4) {LH thread) with washer. Take off idler
gear with needle bearings and thrust ring.

Hust, 14

1 — Idler gear carrier
2 — Aperture

Remove idler gear carrier (1) lllust. 14,

Remove camshaft thrust plate retainer bolts. These can
be reached through apertures {2}.

Hlust. 156

1 — Camshaft
2 — Valve tappet

Bemove crankcase side cover.

Hold tappets in their top-position, using a rubber band
or turn engine on its side or pan side up.

Carefully pull out camshaft {1} fllust. 15 and remove
tappets {2},

If necessary press off camshaft drive gear, taking care
not to damage the drive slot for the tachometer,

CGES-310-1
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Cleaning, Inspection and Repair

Camshaft bushings must
be flush with these

To be flush with

surfaces front fece
A /\
. 7 ] ' 7 %
?‘- ? L 7 a7 %
ez J
ﬁ 5 1 ¥] ¢ 7
2V ‘R N7

ofter reaming

N

If the camshaft bushings nesd to be replaced, steam
clean the engine block and replace the old bushings with
semi-finished bushings as shown in Illust. 18 using FES
101 camshaft Bearing—Driver,

The following fine boring equipment or its equivalent is

5.7818 inch

required to line bore the camshaft bushings,

idler gear
bolt hele

IHust. 18

Kwik-Way or Modei LB 2000
Lempco or LB 2600
AMC Danish Mfg.
BERCO Italian Mfg.
CGES-310-1

AR,

Section A-A

Center reomer in bushing as

near as possible.

. d
Qil holes in all camshaft bushings musk
line up with oil holes in crankcase

Bushings must be in alignment

so o bar 0205 inch under low
bore limit will enter freely

Hust, 17

FESPA-2865

1 — \dler gear carrier retaining bolt

2 — Idiergear carrier

PRINTED IN UNITED STATES OF AMERICA
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Mote: The idler gear carrier {2) with retaining bolt {1}

must be furnished as shown in [Hust, 17 to the machine
146,787 mm 5.7790"

f ing th i =
shop for locating the radius 146 658 mm £ 818"

Niust, 19
Checking radius

Check for the specified radius {(146.787+ 146,858 mm =
5.7790 — 5.7818") as follows:

Itlust. 18

Establishing minimum run-out a) Add cne half of the outside diameter of the idler

gear carrier and one half of the boring bar diame-

With the engine block positioned on the table of the ma- ter to the specified radius. Using an cutside micro-
chine, indicate to the semi-finished bushing on both ends meter, check as shown in Iliust. 19.

of the boring bar and position the block so as not to ex- b} If the radius does not fall within specifications, the

ceed 0.025 mm = 001" run-out from front to rear, boring bar must be moved accordingly to fall with-

Must. 18. in specifications on both heads (1), see 1liust. 20.

Must. 20
1 — Boring bar heads

With the camshaft gear and idler gear instalied check for proper gear backlash, see 'Specifications”.

CGES-310-1
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Camshaft Important: Use FES 118-1 Thermomelt Stick to deter-
mine the temperature. Mark the surface to be heated.
9529 ?

A The mark will appear dull and chalky, When the desired
temperature is reached, the mark will melt and become
a-glossy liquid. Do not be concerned with a change in
color,

|

D _ _ B
|
C
{Hust, 22
_ Hust. 21 _ Pressing drive gear onto camshaft
Points of measurement to determine
cam lobe wear 1 —:Supporting plate 2 — Bearing journal 3 ~ Drift punch

Inspect cam lobes for wear, Compare with a new. cam-
shaft. If a new camshaft is not available, use a microme-
ter and take a reading across "A-C’'" {llust. 21 and
deduct dia "B—D"". This will.give the cam lobe iift. Refer Note 1:

to “Specifications’, The thrust plate clearance should be set to

. . ien 0.088 mm (.0035")
Inspect camshaft journals for wear, refer to "'Specifica- -
tions". 0.440 mm (.0173")

Replace the camshaft if wear is excessive, Idler Gesr Carrier-and Msedle Bearings

It may be necessary to press the gear into its proper
position on the shaft,

while the gear is still hot, 1Hust, 22,

Camshaft Gear, Thrust Plate and Idier.Gear

Replace the camshaft-gear and the idier-gear if gear back-
lash {as checked prior to removal) is not within specified
Hmits.

Inspect the testh of these. gears also for chipping, cracks
and burrs, Replace damaged gears.

Check the condition of the thrust plate, Refer to “Speci-
fications”.
If wear is excessive, replace the thrust plate.

Replace camshaft gear as follows:
Install the thrust.plate on the end-of the.camshaft.and

insert the Woodruff-key, Heat the camshaft.gear -to Hiust. 23

approximately 4000F (2009C), ipstall it on the shaft 1 — ldler.gear carrier 4 — Thrust-washer

with the timing marks pointing outwards.and.press flush 2.— idler.gear 5 — Necked-down bolt {displaced)
with camshaft front end, 3:— Needle.bearings 6 — ;Spacer ring

CGES:310:1
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Replace parts (1--4} Illust, 23, if running clearance and/
or end float of the gear {as checked prior to removal) is
excessive,

Replace needle bearings (3) as a set only. Replace
necked-down bolt {5) with the new pitch diameter bolt
{LH thread).

Valve Tappets

inspect the tappets against “Specifications” and replace
any warn, chipped or scratched tappets.

Push Rods

Inspect veive push rods for wear and distortion, See
"Specifications”.
Replace wern or damaged push rods with new ones,

Reassembly and Installation

Turn the engine on i3 side or botion: side up,

Lubricate valve tappets and carnshatt with SAE 30 and
install into the crankcase,

Tighten thrust plate retainer hoits alternately. Check
camshaft end piay.

—_
B

Hust, 24

Install the crankcase side cover and tighten the bolts to
specified torgue, [Hust, 24,

19

Hlust, 25

1 — ldler gear carrier
2 — Needle bearings
3 — Spacer

Enstall parts {1--3) as shown in [Hust. 25. Lubricate
needle bearings {2}.

IMust. 26
Arrows — Timing marks aligned

When installing the idler gear make sure the timing
marks of the gear train are in {ine, ilust, 26,

Coat the threads of the idler gear bolt with loctite
No. 41 or 271.

Install the thrust washer and tighien to specified torque,
Check idter gear end play.

CGES-310-1
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Mlust. 27
Gear train and timing marks

If the injection pump is installed the following must be
observed:

The injection pump drive qear is used for more than one
engine and carries a sene of timing marks, numbered
from 1 10 6, Wust. 27,

For details refer to 1liust. 431 and respective chart,

CAMSHAFT DESIGN CHANGE
Description
The camshafts for all Neuss engines have been changed as

follows:
z2mm (87 )

1. The cam lobe width of all 3, 4 and 6 cylinder engine
camshafts has been increased from 22 to 26 mm
(.57 to 1.02 inch).

2. The camshaft dismeter of all 3, 4 and 6 cylinder
engines has been increased from 31 mm to 38 mm
{1.22 1o 1.50 inch) in the area between the bearing
iournal and the intake cam lobe.

(o

. !t bearing journals of 4 cylinder engine camshafts
have been reduced in number from 5 to 3 journals.

4 The bearing journals of 8 cylinder engine camshafts
have been reduced in number from 7 to 4 journals,

5. 3 gylinder camshafts remain at 4 journals.

Lead bronze camshaft bearing bushings have replaced
old style tin-babbit bearings for all engines.

Service Instruction

NOTE; Referto Crankease Section for additional service
instructions.

1. New lead bronze bearings must be used with new
style camshafts.

2. Displaced type (tin-babbit} bearings are to be used on
3 cylinder engines or 4 and 6 cylinder crankcases
equipped with displaced type camshaft.

DISPLACED 4 CYLINDER CAMSHAFT WITH FIVE JOURNALS

26mm (1.02 in)
NEW 4 CYLINDER CAMSHAFT WITH THREE JOURNALS
38mm {1.50 in.)

[—— BUSHING JOURNALS REMOVED — —o—m—

A8mm (1.50 in.)

NEW 6 CYLINDER CAMSHAFT WITH FOUR JOURNALS

CcG-8777

flust. 27a
Camshaft Design Change

CGES-310-1
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3. A displaced type camshaft may not be used in a new Cylinder heads of turbocharged engines are fitted with
style crankcase, valve seat inserts for both intake and exhaust valves.
4, When installing a new type camshaft in a displaced The valve seat inserts can be replace if necessary,
style crankease, remove old style {tin-babbit} bearings.
Before installing new type camshaft, the oil bores of For this purpose valve seat inserts of two oversizes and a
the free journals must be closed with plugs {IH Part respective cutting tool assembly are available,

No. 3 228 562 R1) to maintain oil pressure at re-
maining bearings. These plugs are to be installed in

beari il bore, epe e
the lower camshaft bearing seat oi Specifications

CYLINDER HEAD, VALVES AND (Refer to lHust. 28)
VALVE GUIDES
General Cylinder head (1}
mm {inch)

Carbon deposits and wear on valves, valve seats and Thickness, new, 98.81 (3.8802)
guides are normal effects of fusl combustion, 99,31 (3.9098}
Excessive deposits and wear however reduce engine Min, permissible
efficiency. thickness when

sealing face has
Moreover the cylinder head may suffer frost damage and been reworked, 98.54 {3.8795)

warpage due to imoroper torque of bolts.
Warpage on sealing

Valves and their condition are a key factor in obtaining surface, max. 012 {0.0047)
proper compression,

Nozzle tip 25 { A0}
Cylinder heads of naturally aspirated engines (NA Protrusion 36 {14
engines) are fitted with valve seat insert for exhaust
valves.

1 — Cylinder head
2 — Gasket, refer to lllust, 60
3 — WNozzle holder sieeve
4 — *Adapter
5 — Stud, valve lever shaft bracket
6 — Stud, exhaust manifold
7 — Stud, coolant manifoid
8 — *Seat insert, intake valve
9— U-plug
10 -~  U-plug
11 — *Coolant jet
12 — Valve spring lock
13 — Valve spring retainer cap
14 — *Valve spring
15 —  Valve stem seal
18 — *Rotocap
17 — Valve stem guide
18 — Intake valve
19 — *Exhaust valve
20 — Seat insert, exhaust valve
21 — Sealring
22 — Plug
23/24 — Liftingeyes

*Equipment of cylinder head depends on application
refer to Parts Catalog.

lust, 28
Cylinder head for turbocharged engines

CGES-310-1
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Valve spring (14} 3 136 000 R1 3055060 R1
{yellow spot) * {red or green spot}*
Free length, mm B2,5-65.5 55.3

inch 2,06-2.19 2.18
Test length, mm 34,2 34.2

inch 1.34 1.34
Testload kg 69-76 66-72

lbs 152-168 145,5-158.7

*For application see parts catalog.

NOTE: Before testing a new valve spring, load it all the
way to blocking height,

Y
3
7
Hiust. 29
Oversize valve seat insert counterbore chart
Exhaust Counterbore Dia. insert Size
mm (inch} (1) Hlust. 29
0.16 {0.008) 42,15 {1.659} 42,22 {1.6622)
oversize 42,17 {1.6602) 42.24 {1.6630}
0.40 {0.016) 42,40 {1.8692) 42,47 {1.6720}
oversize 4242 {1.6700) 42.49 (1.6728)
Intak Counterbore Dia.
niake {2) Hlust. 29
0.15 {0.006) 44,183 {1.7395) 44 .22 {1.7409}
oversize 44,204 {1.7406) 44,24 {1.7417)
0.40 {0.016) 44433 {1.7493) 44,47 {1.7509)
oversize 44.454 {1.7602) 44.49 {1.75616)

12.24 mm (0.482)
12.20 mm (0.484)

0.5 mm {0.020} (R}
0.7 mm (0.028)
Counterbore dia (1} and (2} lilust. 29 must be at right

angles and concentric to the valve guide bore within
0.10 mm (0.004 inch} T.L.R.

CGES-310-1
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illust. 293

1 - Intake valve

2 — Exhaust valve

3 — Valve spring

4 — Valve stem guide

5 — Valve seat insert
exhaust

6 — Rotocap
7 — Valve spring retainer cup
8 — Valve spring locks
9 — Valve stem seal
10 — Coolant jet

BA — Valve seat insert, intake
{turbocharged engines only)

Valve Timing

Intake opens — degrees before TDC . . ......... 13
Intake closes — degrees after BDC . . ..... ... .. 43
Exhaust opens — degrees before BDC . .. .. ... .. 48
Exhaust closes — degrees after TDC . ... .. ... .. 10

Valve Dimensional Chart, lllust. 28a

Intake Exhaust
mm inch mm inch
A/B. Distance from the face of the eylinder head to the 1.0 - 3.0 004 —0.12] 1.2-3.0] 0047 —
face of the valve 0.12
C. Distance from top of valve guide to bottom of the
spring recess 28 1.102 28 1.102
D Valve stem diamet 9.955 — 0.3920 — 9936 — | 0.3912 —
: alve stem diameter 9.965 0.3924 0,945 0.3915
, 428 — 1.685 — 40.8 — 1.6086 —
E. Valve head diameter 43.0 1.693 41.0 1614
. 16.060 — 0.6323 - | 16.060— | 0.6323 —
G.  Valveguide OD 16.078 06330 | 16078 | 06330
. , 10.00 — 0.3940 — | 10.00 — 0.3940 —
H.- Valve guide ID (after reaming} 10.02 0.3945 10.02 0.3945
. . 9.86 — 0.3882 — 9.86 — (.3882 —
Valve guide 1D {before reaming) 9.90 0.3898 9.90 0.3898
L . . 16.00 — 0.6299 — | 16.00 — 0.6299 —
Valve stem guide bore in cylinder head 16.04 0.6316 16.04 0.6316
Valve lenath 145.9 — 5744 — 1459 — 5.744 —
alve leng 146.1 5.752 146.1 5.752
Minimum valve seat contact width 1.5 .0.058 1.5 0.059
Maximum allowable stem clearance in guide
hefore reconditioning (valve play) 0.15 0.006 0.15 0.006
Valve face angle, between seat and bottom of
valve head, degrees 458& 15 458&15
Valve seat angle in cylinder head, degrees 45 45
Maximum allowable eccentricity:
— valve seat bore to valve guide bore 0.1¢ 0.004 0.10 0.004
— valve face to valve guide bore 0.02 0.0008 0.02 0.0008
Minimum valve face width 1.2 0,047 1.2 0.0047
Valve lash {engine warm) 0.30 0.012 0.30 0.012
CGES-310-1
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Removal and Disassembly

The cylinder head can be rmeoved without removing
injection nozzles, intake- exhaust -and water manifolds.
However, disassembly is necessary when cleaning intake
and exhaust botes.,

It is also possible to remove the eylinder head without
removing the valve lever assembly. |f the cylinder head
is removed without removing the nozzle holders, it must
be supported on wood blocks to prevent damage to the
nozzle tips.

When the engine is overhauled however, it is recom-
mended that above mentioned components be removed
prior to taking the cylinder head off, so that the cylinder
head can be properly cleaned and inspected.

Clean the engine externally, Mark disassembled parts,
such as valves, valve stem guides and springs and place
them on a table in removal order to facilitate reassembiy.

80858

iHust. 30

1 — Alternator

2 — Injection pipes
3 — Nozzie holders
4 — Fuel return line
5 — Intake manifoid

On the left hand engine side remove gomponents (1) to
(5) 1llust. 30,

Plug ali openings of injection pump, injection pipes, fuel
line and nozzle holder to prevent entry of dirt into the
fuel system.

‘GoBS @

ust. 31
1 -- Exhaust manifold
2 — Water manifold
3 — Valve housing cover

On the right hand engine side remove cemponents {1) to
{3} lust. 31.

Proceed as follows:

Hust. 32

1 — Valve iever shaft brackets
2 — Studs
3 — Clamping bolts

Rem

Ive lever assembly, illust. 32.

HHust. 33

Take out valve push rods, [liust. 33.
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Hlust, 34

Loosen cylinder head bolts evenly and alternately after
checking torgue value.

NOTE: To avoid warpage do net remove cylinder head
unless the engine has cooled down.

Lift off cylinder head, using engine lifting eyes, lllust. 34.

Hliust. 35
Removing valves

To remove valves compress valve springs with compre-
sor tool and take out spring retainer locks, llust, 35.

Cleaning, Inspection and Repair
Clean cylinder head thoroughly.

Remove carbon deposits from the bottom of the cyl-
inder head and out of exhaust valve perts.

Flush out water jacket to remove scale and dirt.

NOTE: Make sure water passages are free of obstruc-
tions, rust or scale,

laspect cylinder head (including nozzle bore/fvalve seat
area} for hair cracks, using modern spraying methods,
[lfust. 36.

25

Nust, 36
Cracl check

Frecn
'C"E\
A
)2
e

Hust. 37

inspect the cylinder head {and the crankcase) for war-
page, if engine has been run with a blown head gasket.
iflust. 37.

Observe checking pattern, lliust, 38, see ““Specification™,

05849

iHust. 38
Checking pattern, cylinder head and crankcase

H more than a 0.12 mm (.0047 inch) feeler gauge can
be entered under the straiyhtedge, the head (not the
crankcase}) may be reworked to true up on possible
warpage or distortion.

NOTE: Check the cylinder head height before reworking.
Do not reface the head, if its minimum allow-
able reconditioned height is below specified

fimnits.

Replace distorted or cracked head.

CGES-310-1
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if leakage is suspacted in the water jacket of the cylinder
head and crankcase, make the following test:

Mount cylinder head with valves and nozzle bushings on
erankcase. Remcve vif pan, crankease front cover, intake
and exhaust manifolds and thermostat.,

Seal water intake port properly with a gasket and a suit-
able cover plate. Connect the hose of a suitable pump
to the coolant manifold in place of the connecting hose,
Pump in water at a pressure of 200 kPa (29 psi) prefer-
ably adding a corrosion inhibitor. Check for ieakage at
fower O-rings of cylinder sleeves, coolant pipes, nozzle
hushings, ste. Eliminate any possible leakage,

Where testing facilities are available, this test can more
sagily be made on a block, The cylinder head must be
mounted on the block in the same manner as on the
crankecase. For this purpose the block must be level
within 0.05 mm = 002",

Hiust. 39
Measuring valve recession (wear)
{max. recession — 3.0 mm = ,12")

Inspect valves for wear, llust. 39, Excessive wear will
make for hard starting and impair engine efficiency.

Remedy:

a)  Install new valves
b) Install new valve seat inserts
{NA engines, exhaust only)
c) BRework cylinder head sealing face.

Before work:

al Check whether the cylinder head height permits
reworking,

b) Check to see if nozzle tip protrusion will remain
within specified limits after rework.

Valve Seat Insert

Illust, 40

1 — Exhaust valve seat insert
2 — Welded fugs

81359

IHust. 41
Removing valve seat inserts

To remove valve seat inserts, first weld two opposite lugs
{2) Niust 40 to provide puiler grip.

Oversize Valve Seat Inserts

Rework counterbore in the cylinder head, refer to
“Specifications’.

Before eniarging the counterbore, be certain vaive guides
and the pilot of the special cutting tool are in ovder,

Chill the new valve seat inserts to at least -60°C = 78°F
in dry ice before installation, This prevents metal scrap-
ing from the side of the counterbore, insuring full con-
tact of the insert on the bottom and sides of the coun-
terbore.

install new insert using an insert driver provided for this
purpose.

Caution: When using carbon dioxide strictly adhere to
instructions to avoid injuries. Do not touch deep frozen
parts with bare hands.
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Reconditioning Valve and Valve Seat NOTE: Before installing the pilot, be sure that the valve
guides are perfectly clean and meet the engine specifica-
V/ D 4, i tions. This Is important; otherwise, an eccentric seat will

~75. be cut.

2. Dress the wheel to the correct angle. Lightly lubricate
and install the pilot of the correct size into the valve
/ guide bore.

{ 3. Lower the grinder head over the pilot shank until the

5 A ! wheel just clears the valve seat. Turn on the power
E and very gently allow the wheel to contact the valve

2B seat. Very little pressure other than the normal weight

of the wheel should be used. Sudden hard pressure
can cause cocking of the pilot in the guide and result
in eceentric grinding. Raise the wheel frequently
from the valve seat to prevent overheating and to
clear away grinding dust. Grind the seat sufficiently
1o provide an even, smooth surface, Valve seat angles
for intake and exhaust valves are identical, Illust. 40,

qs‘o I

Hlust, 42
Valve Seat Insert

A — Intake valve, mm (inch)
42.7 £0.2 {1.68 + 0.008}
A — Exhaust valve, mm (inch}
40,7 £ 0.2 {1.60 £ 0.008} 4
B — Refer to illust, 28
C ~ Early design: 10 mm (0.39 inch)
C — Late design: intake valve, 9,0 mm
{0.35 inch}
exhaust valve, 8.75 mm {0.34 inch)
D — Early design: 30°
D — Late deisign: 16°

. Check the seat concentricity, roundness and valve
face contact using Frussian blue. Spread an extremely
thin film of this blue on the valve face and insert the
valve into its guide, With pressure on the exact center
of the valve head, make a quarter turn rotation in the
seat. Remove the valve and inspect the impression
made upon the seat by the transfer of bluing, and
upon the valve face by the removal of bluing. The
valve seat should center on the valve face and must be
concentric with the bore of the valve guide within
0.000 — 0.10 mm (0.000 — 0.004 inch). Check
several times to guarantee that no error was made.
If a full seat-width contact around the entire circle of
seated valve is not shown, the angles do not match. It
will then be necessary to redress the valve seat grinding
wheels, changing the angle sufficiently to correct
the error.

The correction should be made on the valve seat, not
on the valve.

tHust, 43
insert Ring Properly Installed

A — Valve insert ring ‘CERE -V s
B — Insert must be tight fit in counterbore ‘

C — Bottom of insert ring must seat squarely on bottom
of counterbore;

NOTE: Do not instalt inserts by hammering or striking
insert driver.

Vs

The following procedure applies for refacing seat inserts
or facing new inserts.

\ =

1. Remove all carbon, scale and oil hefore attempting k
to reface valve seats. The grinding wheel, when
placed against an oily seat, will become fouled, and Vai ngst. 4: |
uneven grinding will oceur, alve Seat Angles

CGES-3101
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Hust. 45
Refacing Valve Seat with Gritiding Tool

ust. 46
Measuring Valve Seat Width

flust. 47
Grinding Valve Face with Refacing Machine

tnspect valves for wear against ““Specifications”. Scrap
excessively worn valves.

I¥ reconditioning valves make sure head margin and
concentricity are within specifications, if not, use new.

After refacing each valve, inspect the end of the stem. If
wear is noticeable, reface the end of the stem. Grind
sufficiently to true-up the end of the stem,

Wear Parts

a1

el

Hust, 48

1 — Valve

2 — Valve guide

3 — Valve stem seal

4 — Rototcap or spring retainer cup
5 .~ Valve spring

6 — Valve spring retainer

7 — Valve spring retainer focks

On major engine overhaul it is recommended to replace
the wear parts (1) to (7) lust. 48,

Occasionally, when the cylinder head has been stripped
down inspect above parts and replace them as necessary,
Renew valve stem seal (3) whenever valves have been
removed,

Valve Guides

oo’ & .. '__'.

ust. 49

Use a steel spiral brush to remove carbon deposits in the
guide bore, lllust, 49, Wash down guides, using cleaning
solvent. Blow out all carbon with compressed air.
Position a light at the bottom of the guide bore, and
examine the walls for burning, cracking and signs of
excessive wear. Check the inside diameter of the guide
bore at several points around its circumference and
along its length. Specifications for the guides are given
in “‘Specifications’””. Replace any guides considered
unserviceable or that appear close to a serviceable
borderline.
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Hust. 50
Installing Valve Guides

1R 9
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illust, 51
Valve Guide Instailing Tool

A—120mm = 472"
B—-28mm=1.102"

Use special tool, llust, 50 and 51 to ensure correct
depth of guides in the cylinder head. Be sure the stepped
end of the guide is up, Check the tool for dimension
"B’ and grind down if necessary.

Iust. 52

New valve guides must be reamed 1o size, 1liust, 52, see
"Specifications”'.

Clean guides after reaming.

29

Lapping

Hlust. 53
Lapping Valves Into Their Seats
After lapping, valve faces and seats must be perfectly

smooth and show even markings. Be sure to clean
away all remnants of grinding compound.

Again check the valve recession, See “A” and “B”,
Nust, 2%a.

Nozzie Holder Sleeves

‘ \ Adapter OTC-12M
A 7/16” x 14 NOT)

FESI\;-IOED
Husgi. 54
Remeoving Nozzle Sleeve

The injection nozzle sleeve can be replaced without
removing or disassembling the cylinder head. If done
this way, be sure engine coolant is drained below the
cylinder head level before removing the sleeves.

To remove the nozzle sleeve use special bolt (7/8 x 4
inch) PLT-509-11 {FES-25-12) and turn it into the
sleeve. The bolt will cut its own threads into the brass
sleeve, Then screw slide hammer adapter OTC-12M
{7/16 in. x 14 NC) into the end of the bolt and use the
slide hammer to remove the nozzle sleeve, Hlust. 54.
Remove the sleeve from the tool and discard.

Inspect the nozzle sleeve bore in the avlinder head and
be sure it is clean and free of grease, oil, scale or rust.
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Z e Sea“ng arenn (t_ patiee :i,!.'lifil:’. (o8

Thorcughly ciean tie bore 307 the sg ng ares of the
cylinder head before instalhing new sieave. Coat the
sealing areas of Ui e oo 27ie sleeve with Loctite,
Hiust! 55,

Must. 56
Instailing Nozzle Holder Sleeve with Special Tool

Use the tooi provided to drive the new sleeve into posi-
tion, illust. 56 Be sure tha® the sleeve is completely
bottomed in the cylinder head,

Coolant Jet

wr o Law

-

Coolant Jet, if so equipped

To remove the coolant jets it is good practice to tap the
inside, see arrow, Hlust. B7 and pull out the jet with a
suitable screw. Ablways inspect jet for proper water flow,

When installing new jets, take care that sealing faces
{arrow) are flush with the cylinder head.

U-Plugs

€285 D

Hiust, 68

If leakage is apparent at the plugs, replace the plugs.
Install new plugs with a suitable drift punch using heat
resistant iiquid sealer, Plugs must not protrude from
sealing surface of the cylinder head,

Reassembly and Installation

1 — Plastic jumper
2 — Valve stem seal
3 — Rotocap or spring retainer cup

When installing val\ié}i;t_ m’ seal {2} lust. B9 first place
the rotocap (3) on thevalve guide, insert the valve and
slide jumper {1) over the Valve stem end. Install the seal
so that it will bottom on the stepped valve guide,

After the new seal is installed do not remove the valve.
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To fit valve springs proceed as follows: NOTE: If bolts or studs must be replaced, do not mix-

o ) up parts, replace completeé sets,
With jumper (1} llust. 59 on the valve stem fit valve P

springs {3} lillust. 29a with retainer cups (7}.

1250
Using a spring compression tool depress springs only far 8 ) 7
enough to insert spring locks {8}, Remove jumper from 13 1 3 - O 1
valve stem and fit spring locks {B8). O O '9) '®)
Check valve recession "A” and "“B" against “Specifica-
tions’”. Check that nozzile tip protrusion is between
2.5—-3.6mm (.10—.14). Q O O Q
12 o 4 O 2 o 14
Cylinder Hegad 8 g 0
1. Ciean the carbon from the pistons and be sure the lfust. 61
gasket surfaces of the crankcase and cylinder head are
clean and dry, €850
2. Be sure there is no oil in the bottom cylinder head 13 O 19 0 1
boit holes to prevent hydraulic lock when the bolts FRONT O O O O
are torqued. B
3. Before installing the cylinder head, check cylinder 15 0 197
sleeve protrusion, refer to [Hust, B3. If the sleeve pro-
trusion is not within specifications, remove the sleeve liust. 62
and follow the compiete procedure under tlust, 79, ust.
4. install a new cylinder head gasket Iliust. 60 to the 380,

crankcase. Using a hoist and sling, move the cylinder %9 18 ° ] Q
head into place on the crankcase. OQOOOOOOOOOOO
TCE5 - vD
[e) [o) o]
13 Y3l

{ilust, 63
Torgue Sequence for Cylinder Head

6. Follow the reassembly procedure as below, referring
10 the respective sections of this manual where neces-

sary,

Install valve lever shaft assembly,

Adjust valve clearance,

Hiust. 60 Replace valve housing cover, using a new gasket.
““Non-Retorque’’ or “Maintenance-free” Cylinder
Head Gasket Replace manifolds and thermostat.
A - |dentification characteristic; red plastic borders
around the water and oil sealing faces Install turbocharger.

5. Followinhg the sequence given in d’agram lliust. 61, 62 Instail injection nozzies and nozzle holders.

or 63 tighten the cylinder head bclts in three steps. .

Refer to ‘‘Special nut and bolt torque data’”. Never Reconnect fuel lines.

use bolts with damaged or marred threads as these

trend to show a high torgue reading. Fill the fuel tank and vent the fuel system.
MOTE: Cylinder head is mounted either with studs, bolts Fill in engine oil.
with washers or with flange bolts, depending on year of
manufacture. Fil! the cooling system.

CGES-310-1
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Hlust. 64

7. Start and run the engine at 3/4 rated engine speed
with no load, until operating temperature (80 — a56°C)
[176 — 185°F) is reached, cover the radiator if
necessary, DO NOT run for over 15 minutes prior to
retightening cylinder head bolts.

Retighten cylinder head bolts 1o specified torque, to
tHust. 61, 62 or 63 for sequence. When retightening

head boits first loosen every bolt 1/4 turn then tighten
to specified torque of 145 Nem (107 ibf-ft).

NOTE: If new cylinder head gasket (with red plastic
borders) is installed ir engines equipped with studs and
nuts, old bolts with round washers tightening torque is
148 Nom (107 |bf-ft),

8. Theck valve clearance,and readjust as necessary.

NOTE: When retorquing cylinder head nuts or bolits,
only those below proper torgue are to be retorgued to
specifications. The remaining nuis or bolts, complying
with or above torque specifications must not be loosened,

Retorquing cylinder head nute or bolts using torque
wrench and special wrench Hiust. 64,

NOTE; Re-tcrquing of cylinder head bolts or nuts in
the field is not necessary when the new “Maintenance-
free” cylinder head gasket 1llust. 60 has been installed.

I# early style cylinder head gasket {without red plastic
seal) is installed, retighten cylinder head bolts, etc, at
approximately 250 operating hours later.
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INTAKE MANIFOLD Removal and Disassembly

d
- ; i
Must. 67

Removing or installing intake manifold

Remove injection pipes and air intake hose before re-
moving the intake manifold, illust, 67,

Cleaning, inspection and Repair

Clean the manifold and inspect for cracks and distortion.
Replace the manifold with new one, whenever distortion
is more than 0.4 mm = 016" per 250 mm = 10"’ length,

Inspect air hose and hose clamps.
Inspect retainer bolts and their washers,
Replace damaged parts,

[flust. 66
General {Intake)} ust. 68
The intake manifold is used in various designs, depend- 1 — Heating pipe
ing on the arrangement of the air cleaner and on engine 2 — Spade terminal
type and application, lllust, 5 and 66. See Parts Catalog 3 — Air cieaner service indicator connection

for specific variation,

inspect the manifold for tight sealing, whenever engine
overhaul is necessary.
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Check the conditinn of 1he enticg pive (1) Hlust, 68,

At a testing voltage of 10.6 V and an amperage of 52 A
the coif must glow brightly,

Replace a defective heating pips »s follows:

Heat up manifold or: it -beivh £ Lrea and quickly pull
out the pipe.

Heat manifold to 200°C -
new pipe.

@ Fowihen inserting the

Be sure the new pipe protriews (% mm {2-8/16") from
the manifold, its spade tevnitinst L1 s properly positioned
and between coil and pire e s at teast 1.5 mm (,08")
of space,

EXHAUST MANIFOLD

IHust, 69

1 — Exhaust manifold for downswept
exhaust connection
11 — Exhaust manifold for upswept exhaust connection

General (Exhaust)

The exhaust manifold is used in various designs depend-
ing on the position of the muffler and the machine in
which the engine is installed, lllust, 69, See Parts
Catalog for specific variation.

On engine overhaul remove the manifold so that it can
be cleaned and inspected.

Removal and Disassembly

lHlust. 70

1 — Exhaust manifold
2 — Water manifold
3 — Valve housing cover

Remove exhaust pipe and/or muffler. Remove exhaust
manifold {1) [Hust, 70.

Cleaning, Inspection and Repair
Remove carbon deposits ete. from the exhaust manifold,

A light accumulation of carbon deposits will not affect
engine operation.

Inspect the manifold for signs of heat corrosion, warpage
and cracks.

Replace an excessively corroded, warped or cracked
manifold with new one.

inspect studs and nuts and replace if necessary.

Manifold Reassembly and Installation

install manifolds taking special care to ensure tight
sealing.

Always use new gaskets when installing a manifold.
Tighten stud nuts or bolt to specified torque. Retighten
fasteners after engine is hot and again after not later

than 250 operating hours,

Install any injection piping, air intake piping or exhaust
piping/turbocharger that were removed.
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CRANIKCASE FRONT COVER AND FRONT PLATE

Must. 71

General

The crankease front cover (6) Illust. 71 is a light metal
alloy casting. [t seals the timing gear train and carries
the crankshaft front oil seal and the timing pointer.

Repairs to the front cover and plate are normaily re-
stricted to replacement of seals and gaskets. However,
the cover must always be removed, whenever removal
of crankshaft, camshaft or idler gear become necessary.
if the cover and plate are removed, replace all gaskets
and oil seal on reassembly.

Specifications

Bore diameter for oil seai 100.00 mm _ 3937
(9) Hlust. 71 99.95 mm 3.935"
Bore diameter for engine $.395 mm - 3698
timing pointer (10} 9.420 mm 3709
Diameter of 948mm _ 373"
timing pointer {10) 9.53 mm 375"
Front plate (4)

Bore diameter for hydraulic 50.025 mm 1.9695"
pump and injection pump 50,000 mm 1.9685"

flange

Removal and Disassembly
Clean engine externally. Drain coolant and enging oil.
Remove fan, V-beit oulley, generator, thermostat con-

necting hose, flange {2) liust. 71 and water pump, as
described under the respective sections.

Hlust. 72

1 — Stud nut
2 — Water channei
Remove all retaines bonts 410 Laking off water pump,

NOTE: On engines ecquippat with water channel {13)
lilust. 71 the ciankcase frort cover is also secured by
stud {1] Iust. 72 locaied hehind the water pump, above
the idler gear.

Remove the stud nut hefors atteimpting to take off the
front cover, It is atso acivisahie 1 loosen the first 2or3
front bolts on both silew € B 5il pan, This will help to
release tension from the ¢ o nae Jasket, thus protecting it
from damage,

If necessary, also remove waic: epanne {2), Must, 72.

1 — Front plate
2 — Seal jurmnpet

To remave the fron: piste . 4. fee=ssary to remove the
camshaft, idler gear, 11 ectine pevyno geor and the injection
pump first, For dotails suie su i respective sections of
this manual. Remove fiost plave retainer bolts and lift
off front plate.
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Cleaning, Inspection and Repair

Clean all parts in a suitable solvent. Remove any possible
deposits from water channel, water pump carrier, and
front cover.

Inspect the front cover for corrasion, cracks and distor-
tion. Replace the crankshaft front oil seal (3) Hiust. 74,
O-ring {9) and spacer ring {6} whenever the front cover
is rermnoved,

NOTE: install the new oil seal, spacer ring and O-ring
with the front cover in place, refer to IHust, 74.

Inspect front plate for distortion and warpage. Install
a new front plate, if necessary.

Check the two injection pump studs for tight fit. When
installing studs use liquid sealer and tighten to 10.8 Nem
{8 Ibf-ft). Tighten lock nuts and secure in place by
punching in threads.

When installing the timing pointer (10} Hlust. 71 use
liquid sealer.

Reassembly and Installation

Use new seals and gaskets throughout.

Replace front plate on crankcase dowels,

Install injection pump, camshaft and idler gear,

Refer to “Tuning” for correct meshing of timing gears.

Replace crankcase front cover on dowel pins, using a
new gasket to assure tight sealing.

Instaliation of the front oil seaf, crankcase front
cover in place

26572 ¥
I fomm \,:"'_"‘4
N
il
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Hust. 74
1 — Crankshaft 6 — Spacer ring
2 — Pinion 7 — Dowel pin
3 — Oil seal 8 — Pin protrusion

4 — Crankcase front cover {(3mm=.118}
5 — Special tool PLT-511-7 8 — O-Ring

To remove old spacer (6) grip dowel {7} with a pair of
pliers.

When mounting the crankshaft front oil seal observe the
following points:

1. Handle oil seals with care and protect against contam-
ination and/or damage.

2. Prior to assembly, apply some engine oil to the
sealing lips (3) Hiust. 74. The outer cage of the
seal must be dry when being pressed in.

3. The sealing lip (3) must be installed towards the oil
side as shown, Use tool (5) to ensure correct depth
contro! and a perpendicular seat to the crankshaft,

4. Place O-Ring (9} onto crankshaft against pinion (2).

6. Install dowel pin (7} (same length as removed pin)
into spacer ring (6), observing dimension (8).

6. Install spacer ring on crankshaft, taking care to
engage its roll pin in the timing slot of the crankshaft
pinion. :

Careful: Do not damage sealing face. Never attempt to
remove minor damage by polishing, Leakage will result.

Although it is preferable to install the front oil seal with
the front cover in place it can also be installed with front
cover removed.

llust, 75

Install the new oil seal, using the installing tool provided
for this purpose, tHust, 75,

NOTE: When using the dual lip seal do not smear grease
between dust lip and oil sealing lip.

Be sure the seal seats squarely in its bore and that it is
flush with the adjacent face of the front cover.

Whenever the front oil seat is replaced, the spacer ring
{12} llust. B5 on which this seal runs, must also be
replaced.

Install V-belt pulley, generator, water pump, V-belt and
fan,

Fill in egine oil and fill the cooling system.
Vent the fuel system.

Make a test run and check for leakage, check engine
timing, etc, and rectify, if necessary,
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CRANKCASE, OIL PAN, FLYWHEEL HOUSING

G A-3673B.

flust, 76

General

Due to the different stroke and number of cylinders,
crankcases of the engines differ in height and length. All
other dimensions, machined faces, and material quality
are identical.

All machingd faces on the crankcase and the oil pan are
seat surfaces and, therefore, require careful handling.
Small dents will cause trouble which may not be appar-
ent until the engine is running.

Due to different engine application the main bearing
caps may be located by dowel bushings or are guided
lateralty in the crankcase with a light press fit.

The crankcase (1} and main bearing caps (35 thru 38) are
drilled in one operation. Main bearing caps are numbered
from 1 to , beginning at front of engine so that they
can be reinstalied in proper position and sequence,

Individual bearing caps are not supplied separately.

However, for repair purposes, field packages are available
containing bearing cap with bolts and an instruction
leatlet.

MNOTE: Repairs are restricted to every second bearing
cap. The front bearing cap is not available for service.

Repairs on crankcase are generally restricted to replace-
ment of sealing parts and cleaning of oil and water
passages.

As a general rule, machined faces of the crankecase
should always be examined for damage prior to reassem-
biy of the engine.

For camshaft bushings {11 and 12) lliust. 76 rear oil seal
retainer (32}, and idler gear (17} refer to the respective
sections of this manual.

Removal and Disassembly

Remove the engine and mount it on a suitable stand to
facilitate repair work.
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To have free access to the crankcase, the following parts
must be removed:

Cylinder head, oil pan, camshaft, crankshaft, connecting
rods, pistons, cylinder sleeves;see the respective sections.

Cleaning, Inspection and Repair

Thoroughly clean the crankcase and the oil pan. The
most effective way of doing this is to boil these parts in
water to which a cieaning solvent is added. Flush out as
much scale and other sediment as possible,

Clean oilways with compressed air or a wire rifle brush.
Exarnine the crankcase for possible warpage and cracks.

Check crankcase sealing face for distortion, if engine has
been run with a blown cylinder head gasket or evidence
Ecrf water leakage is present. Refer to Hlust. 38.

If cracks or fissures are detected, do not attempt weiding
or brazing; replace the crankcase with a new one,

inspect cylinder sleeves to make sure protrusion is with-
in specified limits, 1f cracks are detected do not attempt
welding or brazing, Replace the crankcase with a new
one also when protrusion is insufficient, see [llust. B3,

NOTE: To provide the correct cylinder sleeve protrusion
{(B) Hlust. 83, shims {4} may be used between the sleeve
flange and crankcase counterbore.

IMPORTANT

Before installing the shims it is necessary to check
the counterbore depth {A) Hlust, 83c at four points
equally spaced around the counterbore, using a
depth gauge. Maximum variation between points
of measurement must notexceed 0.04 mm (0.0016
inch}. | variation exceeds 0.04 mm (0.0016 inch)
the counterbore must be refaced. Refer to “Crank-
case Counterbore Refacing’” in this section.

Observe maximum permissible salvage depth (A2).

IHust, 77
1 — Oil filter socket
2 — Plugs
3 — Sender unit, engine oil pressure
4 — Dowel pin

Check for proper seat of sealing parts, such as U-plugs
and expansion plugs and replace with new ones, if neces-
sary.

To install U-plug and expansion plugs use special tools
provided for this purpose,

Plugs {2} Hlust. 77 need not be removed except for more
effective cleaning of oil passages.

itlust. 78

1 — Oil level gauge
2 — Machine face
3 — Qil filler pipe

Inspect the oil pan for cracks. Do not attempt welding
repairs. Also check the oil level gauge (1) 1llust, 78 and
replace damaged parts.

if the oil filler pipe {3) requires replacement, proceed as
follows:

iHlust. 79

A — Protrusion of filler pipe

Before removing the old filler pipe measure and note its
protrusion A", Hlust. 79.

CGES-310-1
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llust. 80
1T— 26 mmo = 1.02¢

2— 279mm@® = 1.09"
3— 34 mm@ = 1.34"

4— 186 mm@ = 82"
5— 2 mm = 08"
6—- 85 mm = 3,35
7— 95 mm = 3,76
8- 115 mm = 45 "

Use a drift punch as shown on IHust. 80 to protect oil
pipe top while driving in.

Take care to chserve dimension A" Hlust. 79 to ensure
proper oil level readings. Secure the pipe by welding or
brazing all around or use “Loctite”.

Must, 81
Flywheel Housing

Inspect flywheel housing for cracks and damage. Dosel
pins {3) Ilust, 81 must seat properly to ensure alig:.-
ment. Use special punch provided to install new dowel
pins.

Reassembly and Installation

Reassembie all parts, reversing the order of disassembly,
using new gaskets throughout to ensure tight sealing.

39

Refer to the respective sections of this manual for reas-
sembly and installation of the following: Crankshaft,
Pistons, Cylinder Head, Water Pump, Flywheel, etc.

ilust. 82
Installing Qij Pan

When instaliing grey iron oil pans {used for tractor en-
gines) care should be taken that the oil pan is exactly
flush with the crankcase rear end,

NOTE 1:
1. Bolts used for grey iron oil pans must be tightened
to regular torgue,

2. Bolts, used for sheet metal oil pans must be tightened
to a lower torqus, see “Specifications’’,

3. Insert bolt (arrow Htust 82) before il paninstaliation.

Checking Sleeve Proirusion

1. Check counterbore deps 14Y liust. 83¢ and reface
caounterbora it NECESSal v

2, Place the slesve 1o he s w0 in the crankcase with-
out the "0 ring.

3. Clamp the sleeve down using irur holding adapters
shown in Hlust B3a. Make wi~ue nolding adapters
locally. Space the bols o civiart uniform pressure
on the sleeve flange as shouvrn in Hiust, 83a. Torque
the bolts to 41 Nan {30 IbEFrd in thpee stages at 14
{104, 27 {20} and 471 Nem (30 inf-H) see Mote).

NOTE: If the crankcase is equipped with studs use suft-
able spacer pipes over four studs and secure the holding
adapters in place using hardened washers and stud nuts.

CGES-310-1
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illust, 83
Cylinder Sleeve Protrusion

N

L—/—_\\_—_

—

1 — Crankcase

2 — Sleeve

3 — QOuter flange

4 — Shim (use only if necessary)

5 — Protrusion, 0.08 — 0.12 mm (G.0031 — 0.0047
inch}

IMPORTANT

Protrusion (5} must not fall below 0.08 mm, use
shims {4) is necessary.

WELEL-YD

Iliust. 83a
Cylinder Sleeve Clamped Down for Protrusion Check

1 — Sleeve
2 — Holding adapter
3 — Capscrew

‘4, Place a dial indicator, with block, across the cylinder
sleeve.

al With the dial indicator pointer set on the flange of
the cylinder sleave, adjust the indicator to zero,
Move the indicater block until the pointer drops
to the crankcase deck and take a reading.

b

—

If the sleeve fiange is below the crankcase deck,
rest the indicator pointer on the crankcase deck
and set the indicator at zero. Move the indicator
bloek until the pointer drops to the sleeve flange
and take a reading.

¢} Take readings at three or four points around the
sieeve and use the average reading to determine
which shim, if any, is needed to make protrusion
{5) llust. 83,

d

Mark each sleeve bafore removing so that it can be
reinstalled in the same bore and in the same posi-
tion as it was while making the protrusion chack.

NOTE: Shims of following thicknesses are available:

mm {inch}
0.05 {.002)
0.10 {.004)
G.25 (.010}
0.50 {.020)
0.80 (.031)

. Check =ach sleeve that is to be installed for pro-

trusion in the same manner as above.

a} Remove the clamping bolts and washers. Cleanthe
top deck of the crankcase and the cylinder slesve
counterbore. Ciean the sleeve,

b

tnstall the shim {if necessary) in the counterbore.

——

c) Coat the sealing *“G" ring with specified clean en-

gine oil and install in%o the groove (without twist).

NOTE: Refer to Mlust, 144 for correct 0" ring
selection and installation,

d

Brush the sealing ring ccintacting surface in the
crankcase with clean engine oil.

—

e} install the sleeve carefully into the same bore as

removed from and press into place by hand.

NOTE: After installing a cylinder sleeve in the
crankcase, check the clearance between the deck
of the crankcase and the top surface of the outer
sleeve flange. This amount must not exceed the
maximum dimension {b) Hlust. 83.
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Crankcase Counterbore Resurfacing

General 1

The counterbore cutting tool lHiust. 83d (No. 3 218 536 ;

RA1) or PLT-546 is used for resurfacing crankcase cyl-

inder counterbores for all wet sleeve engines as mentioned 7

in this manual, /
7,

fltust, 83c

1 — Crankcase deck

2 — Ledge

A 1 — Counterbore dimension, new 7.595 — 7.620
mm {.2990 — .3000 inch}

A 2 — Maximum permissible salvage depth 9.020 mm
{.3551 inch)

A 3 — Maximum permissible warpage of surface (2)
0.04 mm (0.0016 inch)

5. Slowly and gently rest the tool onto the lowsst
counterbore iedge of the crankcase.
[iust, 83hb
6. Back-out set screw (10} fliust. 83d.
T — Indicator 1 020 560 R91
2 — ledge of counterbore Back off adjusting nut {11} by rotating it in counter-
clockwise direction.
1. Using an indicator or a depth micrometer measure
counterbore dimension from top of the crankcase 7. Place a feeler gauge of 0.10 mm {.004") thickness
to the counterbore ledge. 1llust. 83b. between crankease deck and stop-bell (2}.
Measure at four points, at |ight angles. 8. Screw down adjusting nut {11) until it contacts stop-
beall (2).
2. If one of the four measurements differs more than
0.04 mm {0.0016 inch) the ledge of the counterbore Tighten set scraw |10,
must be resurfaced.
Remove feelar gauge.
NOTE: If all counterbore ledges of one particular
engine are to be cut to the same depth, measure ali 9. The gap between crankcase and stop-bell coincides
counterbores and set up Cutting toc] on the ]owest with the amount Of material 10 be rEmOVEd frOm the
counterbore ladge to ensure clean-up of all counter- counterbore ledqge.
bores.
10. Rotate the cutier in a clockwise direction until the
NOTE: The depth of the counterbores is limited, stop-bell contacts the crankcase,
Never exceed maximum counterbore salvage depth.
See |llust. 83c. 11. While rotating in clockwise direction lift off the
tool and check to make sure that ledge of the
Operation of Cutting Tool counterbore is properly cleaned-up.
it r sediments
3 zgrr:o::unair;g::gn aeposits and water s NOTE: Adjusting nut (11) Hlust, 83d has graduated
markings to estimate the amount of cut. Each mark
4. Clean and smooth the crankcase deck as necessary, is 0.10 mm {.004").
CGES-310-1
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Hlust, 83d
Cutting Tool

A — Max. permissible inclination when regrinding:
30 minutes
X — Cutting depth, adjustable.

1 — Spindle 7 — Ring nut

2 — Stop-bell 8 — Handle

3 — Cutter 9 — Set screw

4 — Guide 10 — Set screw

5 — Key 11 — Adjusting nut
6 — Washer

If a second cut is needed, rotate the adjusting nut
counterclockwise to the next marking only and
repeat step 10 and 11.

12. Repeat resurfacing procedure until the ledge of the
counterhore is properly cleaned up and exactly par-
allel to the crankcase deck.

13. Resurface the remaining counterbores as necessary.

NOTE: To obtain specified cylinder sieeve protru-
sion place shims hetween counterbore ledge and
sleeve. See Hlust. 83, Shims of following thick-
nesses are available:

0.05 mm (.002")
0.10 mm {.004")
0.256 mm {.010")
0.50 mm (.0207)
0.80 mm {.031")

DO NOT exceed maximum protrusion,
Grinding the Cutter
The cutter is of a select grade of carbide to give maxi-
mum tool-life and is accurately ground with precise
angles on the cutting edges. Never attempt to grind the
tool without special equipment.

After regrinding cutting edges must be square, permitting
a tolerance {A) 1llust. 83d.

NOTE: 1f counterbore service tool PLT-546 is used,
refer to instructions sent with the tool.

CRANKCASE DESIGN CHANGE
Description

The crankcases for 4 and 6 cylinder engines have been
changed as follows:

1. The camshaft bearing seals and oil supply bores which
are not used any longer have been eliminated from
new style crankcases,

_ £

NN

illust. 84
New 4 Cylinder Crankcase

2. The quantity of camshaft bearings has been reduced
from 5 to 3 {including front bearing) on 4 cylinder
crankecases and from 7 to 4 on 6 cylinder crankcases.

lead bronze camshaft bearing bushings have replaced
old style tin-babbit bearings for all engines.

. CGES-31041
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Service Instructions:

NOTE: Refer to camshaft section for additional service
instructions.

1. New lead bronze bearings must be used with new
style camshafts.

2. Displaced type {tin-babbit) bearings are to be used on
3 cylinder engines or 4 and 6 cylinder crankcases
equipped with displaced type camshaft.

3. A displaced type camshaft may not be used in.a new
style crankcase.

4. When instafling a new type camshaft in a dispiaced
style crankecase, remove old style {tin-babbit) bearings;
Before installing new type camshaft, the oil bores of
the free journals must be closed with plugs (IH Part

4 B g o g g

R

| ANAANANRANN

o
Ny |

%
 CG-877%

Hllust, B4a
Oil Bore Plug Positions for 6 Cylinder Crankcase

No. 3 228 562 R1) to maintain oil pressure at re-
maining bearings. These plugs are to be installed in
the lower camshaft bearing seat oil bore.

NOTE: Oil bore plugs are installed only at those
positions where there will be no camshaft bearing,

43

Three oil bore plugs are to be installed at the number 2,
4 and 6 free journal bearing positions for 6 cylinder
crankcase.

Two oll bore plugs are to be instalied at the number 2
and 4 bearing positions for 4 cylinder crankcases.

Be sure to drive plugs deep enough to allow installation
of new type lead-bronze camshaft bearings.

Camshalt bushings must
be flush with these To be flush with

surfaces /\ front face

u
. ._l:,h:
TM -
o
/,_J,\,u__\_,b.«
Oil holes in all camshaft bushings must CG-5788

line up with oil holes in crankcose

Must. 84b
Camshaft Bushing/Bearing Positioning

IMPORTANT:  After boring camshaft bushings all
machining -chips must be cleaned from crankcase.
All oil passage plugs must be removed and passages
fiushed with solvent followed by compressed air. Flush-
ing should start at each of the camshaft oil passages
which are between the tappet bores. The camshaft
bushing 1.D. oil holes should be blocked to ensure that
the bushing O.D. oil passage is clean. Each main bearing
oil passage and main oil gallery must also be flushed
and cleaned.

CGES-310-1
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CRANKSHAFT, V-BELT PULLEY

INust. 85

Crankshaft and Balancer {4-cyl-engine)

General

Crankshafts for 3, 4 and 6 cylinder engines are designed
in such & way that basic dimensions of crankpins and
journals are the same on ali shafts, see “Specifications”.

NOTE 7:r |f crankshaft regrinding to the second or third
undersize (lllust. 86) becomes necessary, it is important
to determine the process by which the crankshaft has
been hardened at the factory.

Hardening Processes:!

a) “Deep Nitroc” {gas nitriding process) present crank-
shaft hardening.

Deep-Nitroc hardened crankshafts have an “'N”
stamped on the front face of the first web for identi-
fication. These crankshafts require re-hardening after
regrinding to second or third undersize, see Hlust, 86,

b} “Tufftriding” (bath nitriding process}. These crank-
shafts can be ground to a first or a second undersize
only. Re-hardening is necessary after regrinding to
second undersize, {Refer to Note 2}.

¢) “Induction’’ hardened crankshafts can be recondi-
tioned to a first, second or third undersize without
rehardening. {Refer to Note 2},

NOTE 2: Tufftrided and induction hardened crankshafts
are without identification marks. These crankshafts may
be identified by a hardness check on a crankshaft web,

DO NOT CHECK HARDNESS ON JOURNALS.

While on tuffrided crankshafts journals and webs are
hardened, induction hardened crankshafts have a limited
hardness area (A) lllust, 85a on crankpins and journals

only.
C

GA-9388.

Itiust. 85a

A — Hardness area on journals and crankpins of induc-
tion hardened crankshafts,

B—-2~—3mm (0079 —0.12 inch}

C-—55+06mm {0.216 + 0.02 inch)

ft is recommended that reconditioning be done at
Renewal Stations where equipment and experience can
produce quality standards as outlined in “Specifications”.
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Main and connecting rod bearing inserts are available for
standard, first, second or third undersize, Engine models
DT-238, D-268, DT-358 and DT-402 DO NOT have
third undersize bearings,

Two seals, ane at each end, prevent leakage of engine lu-
bricating oil around the ends of the crankshaft. The rear
oil seal can be offset twice in the rear oil seal retainer,

Handle the crankshaft with care and protect it against
dropping, striking etc. to prevent damage.

Straightening

Induction hardened crankshafts can be straightened.
However, “Deep-Nitroc” and “Tufftrided” crankshafts
MUST NOT be straightened. Even slight straightening
with complete absence of cracks will endanger the high

strength built into the shaft.

Refer to Parts Catalog for availability of undersize in-
serts for main and connecting rod bearings,

When installing a reground crankshaft be sure to use the
respective undersize bearing inserts.

Crankshaft Rear End Sealing Flange
The rear oil seal, running on the sealing flange can be
offset twice in the oil seal retainer or in the flywheel

housing, see 1Hust. 93 and 95 respectively.

If the sealing face of the flange is worn, it may be re-
conditioned by hard chromium plating.

45
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IMust. 85b

1 — Flywheel seat
2 — Permissible working range of oil seal lip.

A — 110,00 — 1029 mm
{4.3307 — 4,3299 inch)

B — 6.5 mm {.25 inch}

C — 9.6 mm (.37 inch}

D — 6.2 mm (.24 inch)

NOTE: Finish sealing face to DIA (A} lllust. 85b by
plunge-cut grinding.

CGES-310-1
PRINTED IN UNITED STATES OF AMERICA



46

Specifications

In brackets { } max. permissible wear-rating before raplacing or reconditioning crankshaft,

55.00 mm _ 2.1663"
1- 75498 mm  2.1645"
2 — Standard size _79.99 mm _ 3.1492"
79.97 mm 3.1484"
Istundersize 79.740 mm _ 3.1393"
79.721 mm 3.1386"
2nd undersize 79.490 mm _ 3.1205" |
79.471 mm 3.1287"
**) 3rd undersize _79.240 mm _ 3.1194"
79.221 mm 3.1189"
3 — Standard size 6399 mm_ _ 285193
6397 mm 251856"
Istundersize 63.740mm _ 2.5094" |
63.721 mm 2.6087"
2nd undersize _63.490 mm__ 2.4886"
63.471 mm 2.4988"
**) 3rd undersize _63.240 mm__ 2.4898" |
63.221 mm 2.4890"
110.00 mm _ 4.3307"
4~70098 mm  4.3299"
5 — 4 cylinder engines only
150.026 mm _ 5.9065" .
160.200 mm _ 5.9134" (D-239, D-248, D-206
160.175 mm 5.9124" above 2200/min)
160.210 mm__ 6.3075"
160236 mm  6.3085" (D-268)

* {max, out-of-round 0.004 mm (.00015")
** {except DT-239, D-268, DT-358, DT-402

h A

IMust. 86
4405 mm

{all engines, except

6~ 74395 mm

4205 mm

1'7342:: early type D-268 and
1.7303 DT-402)

1.6585" (Early type D-268

4195 mm
36.60 mm

1.6515" and DT-402 only)
1.4408"

36.70 mm

B — Standard size

1st undersize

2nd undersize

** 3rd undersize

1.4449"

36.65 mm 1.4429"

36.69 mm 1.4445"
36.90 mm 1.4b28""

36.94 mm 1.4543"
37.15 mm_ _ 1.4626"

3719 mm 1.4642"

3740 mm 1.4724""

37.44 mm 1.4740"

9~ 2600 mm=1.0236" Standard size
256875 mm = 1,0187" 1st undersize
25750 mm = 1.0137" 2nd undersize
#%) 25625 mm = 1.0088" 3rd undersize

56,60 mm

2.1889"

10—~ 5552 mm

64.302 mm

= 21858~ (D-155, D-206, D-310}

_ 2.5316" {D-179, D239, DT-239,

64,222 mm

62.81 mm

2.5284" D-246, D-358, DT-358)

2.7484"

£9.89 mm

Surface finish:

= 2_7515” (D"ZGS, DT'402}

journals and crankpins (2 & 3) Ra 0.2 um

{8 Micro-inch)

flange (4) Ra 0.26 — 0.6 um {10 — 20 Micro-inch)
Rt max., 5 um (200 Micro-inch)
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Journals and Crankpins

Hardness
Hardness depth
Hardness
Hardness depth
Hardness
Hardness depth
Radii on journals
Radii on crankpins
Max. permissible out-of-round
Permissible taper per 1 inch length

{tufftrided crankshafts)

{induction hardened crankshafts)

{Deep-Nitroc hardened crankshafts)

47

B0—565 HRe
2-3mm=.078-.118"

400 HYV

min. 0.25 mm = .0098""

480 HY

min. 0.25 mm = .0088""
49-55 mm=.1929—.2165"
5.7—6.3 mm = .2244—.2480"

0.004 mm = .00015 (before reconditioning 0.05 mm = .002)

0.004 mm = .00015"

Run-out on every one of the journals, with ends of the crankshaft placed in V-blocks,

D-155, D-179
D-206. D-239, DT-239, D-246, D-268
D-310, D-358, DT-358, DT-402

Paralielism crankpins to journals, permissible deviation
Permissible eccentricity of dia (5) lllust. 86 to journals No 2+4

Main and Connscting Rod Bearing Inserts
Actual bearing material thickness
Main Thrust Bearing Insert (8) lilust, 86

Width, Standard

Width, 1st undersize

Width, 2nd undersize

*) Width, 3rd undersize

Crankshaft Rear Sealing Flange

Permissible run-out
Permissible out-of-true

Crankshaft Running Clearance and End Play

Running clearance in the main bearings (new)

End play

Connecting Rod

Running clerance on crankpins {new)
Side clearance

Crankshaft

Max. permissible imbalance, measured at the front and rear journal

D-155, D-179, D-206, D-268, D-239, DT-239, D-246 (3 and 4 cylinder)

D-310, D-358, DT-358, DT-402 (6 cylinder [with counterweights] )

*Jexcept DT-239, D-268, DT-358, DT-402

CGES-310-1

0.20 mm = ,0078"

040 mm = 0157

0.60 mm = ,0236"
0.010 mm = ,00039"
0.020 mm = .00078"

0.020 — 0,024 mm = 0008 — .0010"

36.500 mm _ 1.4370"
36.461 mm 1.4354"

36.750 mm _  1.4468"
36.711 mm 1.4453"

37.000 mm _  1.4567"

36.961 mm 1.45562"

37.250 mm _ 1.4665"
37211 mm 1.4660"

0.050 mm = 0020
0.020 mm = .00078"

0.070 — 0,140 mm = .00275 — .00551"
0.15 -0.23 mm=.,0059 - .0080 "
(+ 0.07 mm = ,003")

0.060 — 0.120 mm = ,0023 — .0047"
016 -0.25 mm=006 —.010 "

45 cmg = .626 oz.inch
60 cmg = B35 oz.inch
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Bslancer Drive Gear (10) Hiust. 85

Engine Number of iD
teath mm {inch}

D206 up 10 150.000 {5.90565)
2200/min 80 150026 (6.9064]
D-230
D246 150.035  (5.9069)
D-206 above 80 150.076  {5.9085)
2200/min

160.035  (6.3006)
D-268 90 160.076  (6.3022)

*} Instatled and in relation to journals No, 2 + 4

Crankshaft Pinion (6} llust, 85

Runout *} Qutof True  Shrinking Temperswrs
mm {inch) mm finch} oc {OF}
0.08 (.0031) 0.10  {.0038} 100 {212}
0.06 {,0024} 0.04 (0018} 180—200 (356-392)

0.06 (.0024) 0.04 (.0016)

NQTE: Remove balancer drive gear {10) Hlust. 85 (4 cyl.)

Number of teeth 33 and pinion {6) before nitriding the crankshaft.
iD 54914 mm _ 2.1619"
54,935 mm 2.1628"

Re-hardening processes for nitrided crankshafts:

| = short time gas nitriding {4h)

Il = bath nitriding, tufftriding process {(4h)

Il =inducation hardening

Surface hardness: 'l and 1" HV10 400
“11" B0 HRe Rockwell {undersize minimum 40 HRc}

Factory Process

Undersize

Gas Nitrided

Bath Nitrided {Tufftrided)

U1, re-hardening

Not necessary

Not necessary

U2, re-hardening 1or Il

U3, re-hardening |

U3 not permissible

Instructions for Regrinding Crankshafts

The most important consideration is to avoid any burns
in the regrinding operation. Refer to |llust. 86 for re-
grinding dimensions.

The crankshafts are reground similar to any precision
crankshaft with the following precautions:

1. A mechanical or an automatic wheel dresser is manda-
tory to prevent chatter, burning and poor surface
finish. A hand stone should NEVER be used to rough
or fine dress the face or radii of the wheel. The radii
should blend evenly into the journal.

2. Selection of the grinding whee! is important because
too hard a whee! will increase the possibility of burn-
ing. An aluminum oxide wheel with a grit size of
approximately 50 and a maximum hardnass of “M"

will produce satisfactory resuits, with other condi-
tions being suitable,

3. Carefully check crankshaft for hair line cracks before
starting rework.

If cracks are present, do not grind,

4, Do not grind journals and crankpins beyond the
limits specified in (2 and 3} Hlust, 86.

5. Do not change the radii of journals and crankpins
and strictly observe their cylindricity.

6. Break all sharp edges.
7. Highly polish journals and crankpins.
NOTE: Before tegrinding “Nitrided” crankshafts align

journals individuatly to a T.1.R. of max, 0,05 mm (.002
inch} with the shaft in the machining tool,
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NOTE: f the sealing face of the crankshaft rear end is
worn, it may be reconditioned by hard chromium
plating.

Regrind and polish the reconditioned end to dimension
1llust. 86b.

Observe max. out-of-round = .0608 mm (.002"")
out-of-true = .0203 mm {,0008"}

It is recommended to use the plunge cutting method for
maximum sealing efficiency.

Removal and Disassembly

Remove oil pan, crankcase front cover, flywhee! and rear
oil seal retainer.

Hiust. 87
Checking Gear Backlash

NOTE:! It is good practice to check end play of the
crankshaft before removing it.

Also check the backlash of every gear of the timing gear
train, llust. B87. See “Camshaft” for gear backlash
“Specifications”

Nust, 87a
1 — Sealing har
2 — Oil suction and pressure pipe
3 — Seal strip

Turn the engine bottom side up and remove sealing bar
{1} lilust. 87a, pipes {2) and the balancer (4-cyl-engines).
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Hust, 88
Crankshaft {6-cyl-engine shown)

1 — Connecting rod bearing cap

2 — Connecting rod

3 — Main bearing caps

4 — Cast dimples {(on injection pump side)

NOTE:

1. Main bearing caps (3) lllust. 88 are numbered con-
secutively so they can be reinstalled to their origi-
nal positions.

2. Connecting rods are not numbered. However, it is
recommended to mark these accordingly so that they
can be reassembled to their original positions, On
DT-402 engines bearing cap of connecting rod No. 1
is marked with figure 1.

3. Also main bearing and connecting rod bearing inserts
are without any markings. On removal carefully store
them so they can be reassembled to their original
positions when reused.

Hlust, 88a
Removing or Installing Oil Pump

The oil pump may be removed as illustrated or as a unit
with main bearing cap No. one.

6-cyl.-engines:

To remove the crankshaft, pistons must be taken out of
their sleeves individually towards the cylinder head side.
As soon as a pair of connecting rod caps, Hlust, 88 is
lifted off, turn the crankshaft until respective pistons
can be pushed out of their sleeves.
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Zang doyditne

To remove i crankshaft only the connecting rod bear-
ing caps must be removed.

Hlust, 89
semaving Main Bearing Caps

Remawe brearinn cap bolts and use a locally made lever
toot ilusr (5} 1o it o4t bearing caps.

NGTFE: Tore tuit fength straight pins enter the bearing
cap. v Cumying effect resulting from the lever

arrahigeene will o the cap for removal,

Remuowe the «. anikshaft taking care not to damage ma-
chined avege by the Hfting tackle,

Cleassirig, lnspection and Repair

Clean all parts thoroughly with kerosene or Diesel fuet.
Blow through oilways with compressed air,

lilust. 90
Crankshaft (4-cyl.-engines}

1 — Sealing face
2 — Balancer drive gear
3 — Crankshaft pinion

Journals and Crankpins

Check the crankshaft for wear on journals and crankpins.
Due to intermittent load characteristics of engine opera-
tion wear becomes usually apparent as out-of-round
wear. Measure at right angles, see A’ and "B", Hiust.
90a,

-
o
=
4 er
] [~}
lr.;nn

{llust. 90a
Measuring Points, Crankshaft

Replace the crankshaft if outof-round wear exceeds
0.05 mm (.002").

Crankshafts may be fitted with new bearing inserts, if
out-of-round is less than 0.03 mm (.0012"}, provided
that journals are free of scoring marks and “hot spots”.

Main and Connecting Rod Bearing Inserts

When checking these bearing inserts it should be born in
mind that the actual bearing material is not more than
0.020 — 0.024 mm {.008 — .0010""). If this material is
worn away, journals are liable to scoring by contacting
the lead bronze base material.

YESRE P

Hlust. 91
Visual [nspection of Inserts

1 — Even bearing pattern, insert 0.k.
2 - Bearing material partly worn, replace

Bearing inserts found to be o.k. on visual inspection
should be measured to ensure sufficient life sxpectancy,
For details sse lllust. 92 and dimensions,
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{ltust, 92
Measuring Points, Bearing Inserts

A — Thickness of Inserts

New Worn Qut
Main Bearing  mm finch) mm finch)
Standard 2960 (.11685) 2952 (.1162)

2872 (31170)

1st undersize  3.085 {1214} 3.077 {1211}
3.097 (1219}

2nd undersize 3.210  {.1263) 3.202 (.12860}
3.222 {1268}

3rd undersize 3,335 (1313) 3,327 (1310}
3.347 (.1318)

Connecting rod bearing:

Standard 1.963 (.0772} 1.955 [(.0769)
1975 {.0777}

tst undersize 2088 {.0822) 1.988 {0782)
2,100 {.0826)

2nd undersize 2.213 (.0871) 2.205 (.0868)
2.225 (.0875)

3rd undersize 2.338 (.0920) 2.330 {0017}
2.350 {.0925)

If in doubt install new bearing inserts.
Main Thrust Bearing Insert {8) Ilust. 86

inspect actual bearing material of this insert similar to
main bearing inserts,

Replace the insert if:
a} actual bearing material wear is evident,

b} crankshaft end play {as checke:d before removal) is
excessive or nearing its wear limit,

NOTE: When installing a new crankshaft always install
new bearing inserts.
Crankshaft Rear Sealing Flange

Check condition of the sealing face for the rear oil seal.

51

Offset the new oil seal in the oil seal retainer, if the seal-
ing lip has worked into the sealing face.

NOTE: Depending on application oil seals may be
instalied as shown in Hlust,

L

M

79EB

Hlust, 83
Qil Seal Installed in Seal Retame

A — First location

1 15 mm {059 inch)
B — Second location 2
3

C-0.1 mrn 1 004 inch)

oy

C -- Third location 1.5 o . 085 ngh)
Section A’ 1llust, 93 shows the nona. =ty o0 the
oil seal when installed. In section "B 5 b vl o aff-
set to the front by approx. 1.5 mm { 05 Wi okl

can again he offset by 1.5 v 8BY; o ans o« om
section "C”. Special toot fo: rooe P
shown in Nlust. 94 or PLT B11-% o

Hust, 84 -

1 — Oil seal retainer

2 — Oil seal

3 — Installing tool

4 — Spacer ring for offsetting, sectiun
5 — Sparer ring for offse’ting, sactivr -
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