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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
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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
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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
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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,

CGES-310-1
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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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88e

CG-474s

Must. 94a
PLT 511-1 Rear Oil Seal Installing Tool

if the sealing face {1) filust. 90 is undamaged use either
special tool to install the oil seal. To offset the oil seal
as shown in section "B” illust. 93 place the thinner ring
(4) Wlust. 94 on the tool and press the oil seal in, For
offsetting as shown in section "C” place the thicker or
both ring(s) (5} on the tool (3} and press the oil seal in,

NOTE: When offsetting always use a new seal,
Install the seal with its open side toward the engine.

Keep the outer case of the seal dry when the seal is
pressed in.

When in place the seal must be at right angles to the
crankshaft otherwise oil leakage may develop.

A :]

PP

tllust. 95
0il Seal Installed in Flywheel Housing

A — First location = 1.6 mm {.059in.}
B — Second location= 3.6 mm {.138in.}
C — Third location = 55 mm {217 in.)

1 — Flywheel housing present design
2 — Double lip oil seal, outer

DIA 140 mm (5,512 in.}
3 — Flywheel

Either service tool can be used to install rear oil seal in
an engine equipped with a flywheet housing,

When renewing the double tip oil seal be certain its main
lip is toward the engine, i. e. the dust lip must be installed
toward the flywheel,

For installation and offsetting the oil seal (2} Hlust. 95
Jw: the respective tool and spacer rings available for this
purpose.,

install the seal with its open side toward the engine.

Keep the outer case of the seal dry when the seal is
pressed in.

NOTE: Current engines equipped with a flywheel
housing use a 130 mm (5.12") DIA single fip oil seal.
Follow dimensions for offsetting the oil seal shown in
Hlust, 83.

Crankshaft Pinion

Check crankshaft pinion for wear and chipping. |f dam-
aged replace the pinjon as follows:

Remove spacer ring (12) [Hust. 85 and O-ring {11} from
crankshaft front end.

Hlust, 96

1 — Crankshaft pinion
2 — Finished surface
3 — Main bearing journal

Place the crankshaft pinion on an anvil and hold it in
position, Hlust. 96, The bearing journal {3) must not
touch the anvil edge.

Slide a metal sleeve over the finished surface (2) to pro-
tect it from damage. Wrap a rag around the chisel to
catch any possible chippings.

CGES-310-1
PRINTED IN UNITED STATES OF AMERICA

P



Hiust, 97
Split the pinion with a few firm hammer blows at its
weakest point, i.e., at the timing slot, see arrow Hust. 97,

Caution: Beware of chippings! Use protective gloves
and safety goggles.

Hust. 98

1 — Timing slot
2 — Rolt pin

Smooth the pinion seat before installing the new pinion.
Heat replacement pinion to approx. 200°C = 400°F.

Use thermomelt stick FES 115-2 to determine gear tem-
perature, Do not overheat!

Slide the pinion on the shaft with the chamfered side to-
wards the bearing journal and make sure that ro!l pin 12)
engages in timing slot (1) lllust, 98,

Balancer Drive Gear
{Welded)

Check the balancer drive gear for wear and replace with
a new one, if necessary.

Grind off welded joint {1) lllust. 99 and drive the geat
from the crankshaft,

Remove all traces of the broken or damaged drive gear.

53

iust. 99

1 — Welded joint

2 — Thrust face

3 — Bearing journal
4 — Meshing marks

Deburr and remove nicks and scratches from the mating
surfaces of the crankshaft and balancer drive gear.

Install a new roll pin the crankshaft arid slip the drive
gear on the crankshaft with the two marked teeth to the
flywhee! side.

NOTE: On later production engines the gear must be
heated before installation. See “Specifications”. Use a
suitable thermomelt stick to determine specified shrink-
ing temperatures.

Weld the gear in four places as shown in Nlust. 100 or
1o1. e BT

I —
45% Approx. i 457 Approx.

457 Approx.

45° Approx.
r—te—

FESM:2618

thust. 100
Installing Diagram for Balancer Drive Gear on
Early Production Engines {D-2086)
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The weld must not project above the finished bearing
thrust surface of crankshaft. Weld 4 places 20 mm =
3/4" wide.

Use low hydrogen electrodes to prevent under weld
cracking.

While welding, protect journals against darmage caused
by molten electrode particles.

On later production engines replace the balancer drive
gear as described above,

However, weld tne gear as shown in lllust. 101,

tHust, 101

1+3 — Welded joints over full contact length on both
sides of gear.
2+4 — Welded joints
5 — Marked teeth on flywheel side
6 — Roll pin
7 — 45 mm=1-3/4"

ltust, 102

After Welding:

1. Check the balancer drive gear for run-out and out-
of-true, Hlust, 102. See ““Specifications”.

2. Rebalance crankshaft. See “Specifications”.
NOTE: Drill balancing holes in web areas provided for

this purpose. Observe dia. depth and spacing of the
existing balancing hales,

Balancer Drive Gear
(shrink-fit)

——

\ 22°415°

Niust. 103

1 — Mark on tooth
2 — Notch on erankshaft

The balancer drive gear, illust, 103 is a shrink-fit on the
crankshaft.

Before removing a worn gear be certain the crankshaft is
marked with notch {2} Wust. 103. f there is no notch
{2) on the crankshaft flange, mark the crankshaft in a
suitable way.

When replacing the gear, it must be split similary as the
crankshaft pinion is split, see llust. 96.

Deburr and remove nicks and scratehes from the mating
surfaces of the crankshaft and balancer drive gear.

Heat the drive gear (see Specifications}. Use thermomelt
stick FES 115-1 to determine gear temperature. Align
the single mark (1) with the notch {2), on the crankshaft
fiange (1lust, 103}
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Do not weld the shrink-fit gear.
After installation check for run-out, Hiust, 102,

Balance Weights (6-cyl. only)

Nlust, 104

4 — Balance weight bolts
b — Crankpin
8 — Main bearing journal

1 — Sealing face
2 — Crankshaft pinion
3 — Balance weight

Check balance weight balts (4) llust. 104 for proper
torque load, Retighten, if necessary,

NOTE: Service too! 04-575 socket adapter is to be used
for servicing balance weight retaining bolts.

IMPORTANT

Bolts (4) may not be loosened as a change in
position of the screws would disturb the crank-
shaft balance,

H, for some reason or other, balance weights have to be
removed this should be done only if a proper balancing
machine is available to rebalance the crankshaft.

Proceed as follows:

Balance weights Illust. 108 are numbered consacutively
from 1--12, beginning at the front end, corresponding
to crankshaft webs, This order may.not be altered,

The two mounting holes are drilled slightly off-center,
When mounting the weight make stuire that its protruding
flank is on the crankpin side. Balance weights must be
at right angles to the crankshaft center line. Contact
faces of balance weights and crankshaft webs must be
absolutely clean, dry, level and free from burrs.

55

Tighten balance weight bolts in two steps to specified
torque, see “Special Nut and Bolt Torque Data’. Re-
balance crankshaft, see ““Specifications” and IHust. 105,

(51

IHust, 105

1 — Crankshaft web
2 — Balance weight
3 — Balance bores
4 — g0°
5—19mm=.75
6 — 20.0 mm = 79" {D-310)
25.0.mm = 98" (D-358, DT-358, DT-402)

Figures (5) and (6) IHust. 105 represent the permissible
maximum dimensions and positions of the balancing
holes. Observe details {Illust. 105) whenever hales must
be drilled.

Reassembly and installation

NOTE: When installing new main bearing caps refer to
instructions furnished with the caps for assembly pro-
cedure,

Place upper bearing insert halves (free of oil) in the
crankcase,

Be certain.the inserts are fully seated, oil holes are in
line and locking tangs on the inserts fit into recesses.

Spread a film of SAE 30 engine oil on the bearing inserts
and place the erankshaft in the crankcase hearings.

Bearing caps (2) Iflust. 106 are numbered from front to
rear with consecutive numbers, Be certain to install the
caps in their correct positions with the cast dimples {3)
pointing to the injection pump side of the engine.
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When installing the main thrust bearing cap {without
dowel bushings} be certain the thrust flanges {3) Hlust.
108 of the upper and lower bearing insert are absolutely
in line,

Check thrust fiangs alignment with feeler gauge (1)
IHust. 109 on top ard bottom.

itlust, 106

1 — Guide pins {for alignment)
2 — Main bearing cap {lateral alignment}
3 — Cast dimples (on injection pump side}

k]
4 3 Nust, 109
% Checking thrust tlange alignment
! - 2 ' 1 — Feeler gauge
llust, 107 2 — Screwdriver or lever

Guide pin {two required)

1—-125 mm =492
2— 865 mm=217 "
3— 122mm A80"
4 — 149 mm 587"

B n

Whenever installing main bearing caps without dowel

bushings use guide pins (1} Ilfust. 106 to facilitate in-

stallation, See also |1lust. 107,
TR voIgeo

illust, 110
Torquing main bearing bolts

Torque main bearing bolts in three steps, Refer to “Spe-
cial nut and bolt torque data”, see Hlust. 110.

Hlust, 108
Main thrust bearing {shown without crankshaft When torquing main bearing bolts, observe the following
1o permit uncbstructed view} sequence:
1 — Lateral alignment taces in crankcase 3-2-4-1 {3-cylinder engines}
2 — Bearing cap {without dowel bushings) 34-2-5-1 {4-cylinder engines)
3 — Thrust bearing flanges 4-5-3-6-2-7-1 {6-cylinder engines}
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NOTE 2:

Whenever a reground crankshaft is installed, be sure
running clearance of the journals is within "Specifica-
tions’", Proceed as follows:

Remove the center main bearing cap and the lower bear-
ing, and insert a suitable length of 0.20 mm (.008"}
virgin lead wire across the bearing surface of the lower
bearing and the crankshaft journal. Install the bearing
cap and tighten the cap bolts to specified torque.

Do not turn the crankshaft while the wire is in place.
Remove the bearing cap, and carefully remove the wire,
which will have been crushed to the amount of clearance
present, Measure the wire, using a micrometer. The
Hlust. 110a clearance desired is given in “Specifications”.

1 — Special wrench
2 — Ol pump

The otl pump is mounted on bearing cap number 1.
These two parts can he installed as a unit. A special
wrench {1) llust. 110a is required to tighten the RH
main bearing cap screw. After main bearing cap screws
are tightened, the crankshaft must rotate freely when
turned by hand.

Take care, that main bearing bolts of the same material
designation are used.

NOTE 1:

Pitch diameter bolts and correspondingly higher torque o’

values may be used in place of necked-down bolts, Hiust. 112

provided the bearing caps are chamfered to clear the Checking Crankshaft End Play

radius on the underside of the bolt head. See {2) lHust,

111. Check end play of crankshaft. See “Specifications”, and

Hlust, 112,

1\ Installing Rear Oif Seal

\\74/ a. Seal must be clean and lubricated as fotiows

‘SLEE O

Génge.

Must. 191
Main Bearing Cap

1 — Sguare corner Hiust. 113
2 — Reworked cap with chamfered corner
0.8 — 1.2 mm x 45° {03 — .05" x-45°%) 1 — Seal jumper
2 -- Stud
CGES-310-1
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Single Lip-Coat lip with clean engine oil,

Double Lip-Fill cavity between lips approx. 2/3 with
“Molykote BR2" or ""Shel!l Alvania 3",
b. Apply some engine oil onto crankshaft sealing face.

Install stud {2} Iliust. 113 using liquid sealer, Instalt the
rear oil seal retainer with new gasket., Take care not to
damage the oil seal.

Use seal jumper {1) for protection.
NOTE: Seal jumper (1) must be made focally as follows:

Cone angle of the jumper 130 — 150° The smaller taper
diameter must be 5,50 mm = .217"" less than the seal lip
diameter. The taper face must be polished.

Wi

Must. 114

1 — Sealing bar
2 — Seal strip

Replace sealing bar (1) ust. 114 and insert the two seal
strips (2), using liquid sealer. The sealing bar must be
exactly in line with the adjacent crankcase flange, Check
with a straight edge before tightening cap screws and re-
align, if necessary,

Timing Gear Train

lMust. 116
Timing Gear Train Adjustment

1 — Single punch marks
2 -~ Double punch marks

When meshing timing gears be sure single punch marks
{1} Hust, 1156 are in line, Double punch marks (2) line-
up with the camshaft gear.

CRANKSHAFT PULLEY/VIBRATION
DAMPER

General
The crankshaft pulley acts as a vibration damper,

On DT-358 and DT-402 engines an additional vibration
damper, version {2} Hust. 116 is installed.

NOTE: Vibration damper and pulley {2) are balanced as
one unit, Therefore, it is not recommended to separate
them; otherwise the unit has to be rebalanced to a maxi-
murm residual imbalance of 20 cmg (0.275 oz-inch) after
reassembly,

lust. 116

1 — Crankshaft puiley
2 — Crankshaft puliey
with vibration damper

3 — Wedage rings
4 — Thrust rings
5 — Retainer piate

The pulleys are fastened either with wedge rims, 1Hust.
118 or with clamping ring, llfust. 119.

Removal

a) Remove the cap screws, retainer plété and thrust
ring.

b) Tap the pulley with a8 hammer to loosen it and it
will slide off the wedge rings.
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Hlust, 117

1 — Pair of wedge type rings 3 — Clamping ring, see

2 — Thrust rings

(2} Hust. 121

NOTE: It should not be necessary to use a puller to
remove the crankshaft front puiley,

3A
5 )
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& T
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2
1 fllust. 118

Crankshaft Pulley, Fastened with Wedge Rings

1 — Vibration damper
2 — Pulley

3 or 3A — Wedge rings
4 — Thrust rings

5’ Retainer plate

6 — Dowel pin

7 — Spacer ring

8 —Crankshaft pinion

9 — Roli pin
10"~ Bolts
11°2 Timing slot
12 — il seal
12 — O-ting
14 — Bolts
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Since a repair is unpracticable, a damaged pulley must be
replaced with a new one,

Inspect wedge rings for cracks and rust and replace as
necessary.

Reassembly and Installation

Reassemble all parts as shown in Hiust. 118 or 119.
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IHust. 119
V-belt Pulley, Fastened with Clamping Ring

1 — V-belt pulley
2 — Clamping ring

3 — Retainer plate
4 — Retainer bolts

Hlust. 120

1 — Idler gear 5 — Groove pin

Cleaning, Inspection and Repair
g P P 2 — Crankshaft pinion  § — Timing slot

3 — Spacer ring 7 — Gasket

Thoroughly clean all parts. ."'Inspect puliey for cracks, .
4 — O-ring

wear, burrs on the belt grooves and damage to the bore,
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Stide spacer ring {3} with Q-ring (4) in the crankshaft,
IHlust. 120. The chamfered side of the spacer ring must
face the O-ring. The protruding groove pin (5) must
engage in the timing slot {6},

Be sure that wedge rings {3) 1lust. 118 as well as the
pulley bore are completely clean and dry, i e,, free
from oil and grease. First slide one inner wedge ring {3)
on the crankshaft front end.

Insert the outer wedge rings and one thrust ring {4} into
the belt pulley bore.

Slide the belt pulley on the crankshaft front end, engag-
ing timing slot {11} over dowel pin (6). Fit the remain-
ing inner wedge ring. Slots of wedge ring should be
evenly distributed over the entire circumference,

‘G D

Hust. 121

1 — Contact face
2 — Timing slot

Insert outer thrust ring {4). Replace retainer plate {5}
and secure with oiled retainer bolts {14).

To obtain necessary stati€ friction all contact faces (1)
Mlust, 121 of clamping ring and crankshaft front end
must be free of oil, rust and dirt,

Be surz that spacer ring dowel pin engages timing slot.

Oil and tighten retainer bolts in three steps as specified
in “‘Special Nut and Bolt Torgue Data”,

Replace and tighten V-beit,

Hiust, 122

CGES-3101
PRINTED IN UNITED STATES OF AMERICA

e



N

o ~,

BALANCER 61
{4—cyl. engines only)

General

The function of the balancer is to reduce engine vibra-
tions. Engine vibrations result from pistons travelling
faster and having higher accelerations during the upper

T
/14

half of their stroke than they do during the lower half of
the stroke. See lllusts. 123 and 124.

Centerline of

A = |ncreased piston travel
in the upper half of the

' 7 crankshaft

Itlust, 123 B = Reduced piston travel
Diagram of piston travel in

in the lower half of the

stroke relation to stroke stroke
| 1
— Without balancar |
Vibrating i
force |
L— with balancer q Cl 9. T
‘ i I
A B C D E
YDC ha— - TDC
BpC —-
& 90°  N\# 135°
Centorline of _ : 2 5 T an A 3
crankshaf? S\ S /3 5 S Syl A g
4 : g & J

©
.
Al Vo’

EN@. 1 & Mo. 4 pistons

%"‘””“ﬁﬁi% "’2?? jﬁz’a’x % '- i
{ohet (003 IO 649

Mo, 2 & No. 3 pistons
Hust. 124
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[) nertia Forca
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Balancer woeights

Engine balancer operation
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The engine balancer is mounted to the underside of the
engine. Lubrication is provided by a drilled oil passage in
the crankcase from the engine main oil gallery that lines
up with a passage in the balancer when it is installed.

The balancer consists of two eccentric weights located
below the crankshaft in the exact center of the engine.
The weights are driven by a ring gear, which is shrunk on
to the crankshaft,

The ring gear drives the weights in opposite directions at
twice crankshaft speed because the vertical shaking for-
ces oceur at twice engine speed. The balancer gears are
matched and timed to each other {lllust. 129) by means

of timing marks stamped on the gears. They are also. ti-
med to the engine by means of a marked tooth on the
balancer drive gear which is indexed between two mar-
ked teeth on the ring gear,

Important: The engine balancer has been changed to ac-
commodate the higher rpm for use in other applications,
The balancer weights and balancer housing have been
made heavier {Hlust..125). The crankshaft gear which
drives the balancer has been made wider and has a fulil
back-up surface on the crankshaft, The crankshaft gears
and balancers must be serviced with the same design
parts as originally equipped unless all parts are changed.

Housing differances

Rolf pins driven

Gear width Roll pins driven
from top down differs from botiom up
oip NEW
FESM-3024
1tust, 126
Balancer comparison
Specifications Balancer weight shaft bore in housing
Weight shaft bUShing 1.D. 23.069 mm = .9082” Roll pin side of housing 2358 mm _ .9283"
23.097 mm 9094 2360 mm  9292"
, Opposite side of roll pin 2300 mm _ 9055”7
Shaft diameter at bearing 2298 mm _ 90561" 2208 mm _ 0047"
surface area 23.000 mm .90b5"
Backlash - between crank-
. shaft ring gear and driving
Weight assembly running 0.069 mm - 0027 weight gear 0.25-0.40 mm = .01-.016"
clearance on shaft 0.108 mm 0042
on D-268 0.23-0.50 mm = .009-.020"
Weight assembly end 020 mm _ 008 " Backlash - between mating

clearance in housing 0.40 mm .01e”

weight gears 0.18-0.23 mm = ,007-.009"
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Removal and Disassembly

Drain the engine lubricating oil. Remove the oil pan, and
oil level gauge.

Remove the two cap screws halding the oil suction tube
in place and remove the oil suction tube assembly and
O-ring.

Locate No. 2 piston at top dead center. Check to see
that the marked teeth on the crankshaft gear and the ba-
lancer drive gear are aligned. Also, check to see that the
timing marks on the balancer idler gear and balancer
drive gear line up. Also check the backlash between
crankshaft ring gear and balancer before removing the
balancer, See ''Specifications’,

Remave the two remaining cap screws holding the balan-
cer in place and remove the batancer from the crankcase,

Wash assembly in ciean solvent and blow dry with com-
pressed air,

Check the backlash of the balancer gears to determine
their condition before disassembly, [Hust. 131.

FESM-3025

Hlust, 126
Weight shaft partially removed

Drive the roll pins out of the housing and into the shaft.
{Refer to 1lust, 130},

Press the shafts out of the housing and weights by press-
ing against the plug end {opposite the roll pin end).

Note: The diameter of the weight shaft is slightly larger
on the pin end. Therefore the shafts can only be driven
out of the housing towards this end,

Semove the weights from the housing and remove the
pins from the shafts.
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Inspaction and Repair

Clean all parts thoroughly in solvent and blow dry with
compressed air,

FESM-3026

Hlust, 127
nspection points of a typical balancer,

1 — Oif passages

2 — Bushings
3 — Shaft
4 — Roll pins

Check the bushings in the weights for wear {Illust, 127},
refer to “Specifications” for bushing 1.D. Replace the
weight assembly as necessary.

Check the weight shaft bearing surfaces for signs of ex-
cessive wear, Clearance are given in “’Specifications” in
this supplement,

Check the weight shaft housing bores, shaft diameters
and shaft fit in housing., Replace shaft or housing, which-
ever is necessary for proper fit, Refer to “Specifications”.

Check and, if recessary, clean out the lubricating oil
passages in the housing.

Inspect the gear teeth for chipping or other signs of ex-
cessive wear. Replace both weights as an assembly if
necessary.
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Hlust, 128

1 — Present connecting rod {change
on bearing cap} (D-239)

2 — Former connecting rod (D-239)

3 — Milled face

Where a new balancer assembly has replaced the oid as-
sembly, NEW connecting rod assemblies {llust. 128)
with manufactured clearances in the bearing caps must
be installed. Refer to “Installation”,

Note: Present connecting rods (with milled face (3)) are
installed from 1973 and up,

Reassembly

When installing the balancer weights make sure that the
single punch mark “B", Iffust. 128, of the drive weight
{1) is in line with the double punch mark "C" of the
driven weight {2) and the timing mark A" is on the top
for all models except D-268.

MOTE: D-268 balancer assemblies have a single punch
timing mark located at point “A’ but a double punch
mark at point "B, The driven weight has a single
punch mark located at point "“C”.

Apply lubricating oil to the weight shafts and the bush-
ings in the weights,

Install the drive weight in the weight housing by driving
the weight shaft {plug end first) into place with a brass
hammer, taking care the roll pin bores of the shafts are
in ling with the pin bores of the housing.

Drive new double roll pins {one driven inside the other)
into the housing and weight shafts as shown in ltlust,
130, Note that the roll pin installation differs between
housings.

Check the backlash of the balancer gears (lllust. 131) 1o
determine their condition before installing the balancer.
Refer to “'Specifications’”.

Apply engine ail to the thrust faces of the weight (both
sides} while turning the weights a few times.

Mlust. 129
Balance Weight Assembly Timing Marks on the Gears
For Models D-206, D-239, DT-239 and D-246

1 — Drive weight
2 — Driven weight
A - B - C ~ Punch marks

FESM-3028
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FESM-3029

[tlust, 130
Location of installed rotl pin (1)

instaiation

Position No. 2 piston at TDC,

Position a new O-ring {{4) lllust. 134) in the recessed
seat on the mounting face of the balancer housing.

Install the balancer. Be certain punch mark "A" Hiust.
129 matches with the punch marked teeth on the crank-
shaft ring gear.

<y
& ' o
KA‘L;? -Lﬁ”‘ (*i},ﬁl.:l;‘ M FESM-2020
:I]uét. 131 Chalk markings (arrow [Hust. 132} will facilitate proper
Checking backlash balancer installation, e
CGES-310-1
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If connecting rod clearance is less than 2 mm {.078"') re-
move and disassemble the balancer.

Rework the balancer housing on its central radius {1)
Hlust, 133 to obtain dimension A",

lust, 132
Marked teeth in mesh

sAfter balancer installation proceed as follows: Hiust. 133

1,

1 — Reworked radius

With the engine up-side down check the backlash A— 13mm = 50"

between crankshaft ring gear and balancer drive

gear. See ""Specifications”. Note: Reworking of the balancer housing may become
necessary when replacing connecting rods on D-239/246
Turn the crankshaft and check for sufficient clea- engines.

rance between balancer housing  and connecting
rods, [Hust. 132a.

tHiust, 134

1 — O-rings, pipe sealing
243 — O-rings, flange seating
4 — Q-ring, housing sealing

Finally install fub, manifold, IHust. 134,

Ifhust. 132a
Arrow — Check connecting rod clearance here Be certain all O-rings are properly seated,

 CGES-310
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IHust. 135

FLYWHEEL WITH RING GEAR

o |

67

General

The flywheel (2} Iliust. 135 is secured to the crankshaft
with seven special bolts (1) of the pitch diameter type, A
dowel pin in the crankshaft rear flange ensures correct
location of the flywheel, The flywheel varies, depend-
ing on engine application, clutch or torque converter
make. The ring gear is the same for all engine versions,

Tractor engines may be equipped with a single or a dual
clutch, In PAY Loaders and Crawlers a torque converter
is used instead of the regular clutch. Flywheels for com-
bine engines are somewhat differently designed, Tractors
have the clutch shaft supported in a prelubricated ball
bearing {1} Hlust. 141,

For repairs on torque converters see respective Service
Manual,

Specifications

P

S

4

Hlust, 136
Flywheel for 346/1046 tractor engines
with dual clutch

1.8492"

T 46986 mm

2 — Ring gear {shrink-fit)
3 — Recess for dual clutch cover
4 — Friction surface

7.8498"

CGES-310-1
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Removal and Disassembly

femove clutch assembly or torque converter, [Hust. 137.

X

Hlust. 137
Fiywheel for tractor engine with single clutch

1 — Clutch assembly

2 _ Clutch assembly retainer bolts
3 — Flywheel

4 — Flywheel ring gear

5 — Flywheel housing

6 — Starter pinion protective cap
7 — Clutch housing dowel pins

1liust. 138

femove flywheel boits, Hust. 138.

Support the flywheel before removing the last bolt,

Iflust. 139
Guide pins in place

Hiust, 140
Angular lifting hook

Tools as shown in Hust, 139 snd 140 facilitate removal
and installation of the flywheel. it is recommended to
make them locally.

Cleaning, Inspection and Repair

Clean the flywheel thoroughly and inspect the friction
surface for ridges, scores, grooves, heat cracks, and bur-
ned spots.

If the friction surface is in bad condition, replace the fly-
whee! with a new one.

CGES-3101
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If only slightly damaged, reface by surface grinding or
trueing-up in a lathe and polish over with a fine grade of
emery cloth.

Take care to remove only as much material as is neces-
sary to true up the friction surface, otherwise clearance
between flywheel bolts heads and clutch disk is reduced
to a dangerous degree.

Care should be taken to rework the flywheel recess {3)
{lust. 136 for the clutch cover by the same amount as
the friction surface to maintain sufficient spring tension,

Hiust, 141
1 - Ball bearing, prelubricated 4 — Seating face

2 — Dowel pin bore 5 — Flywheel ring gear

3 — Bore for retainer bolt

Caution: Be sure the flywheel is exactly centered when
rotating it, The friction surface must be paratlel with the
seating face {4) llust. 141, Deviations of more than
0.05 mm = .002" are not permissible,

Check condition of ball bearing {1} and replace, if neces-
sary. Use a suitable drift punch for removal, Inspect
bearing seat against specifications. Press in new bearing,
making sure that it is flush with the seating face {4).

The ring gear (5) for the starter is a shrink-fit on the fiy-
wheel. Replace this gear if teeth are badly worn or chip-
ped or if the gear has worked loose on its seat. Use a
blunt cold chisel to remove the ring gear.

Check the seating face on flywheel for damage., Remve
burrs ete., if necessary.

Heat the new ring gear to 2000-2709C = 4000-5200F,
place on fiywheel and allow to coo! down. Be sure the
ring gear is tight against the shoulder of the flywheel,
The camfered sides of the teeth (clash sides) must be to-
ward the crankshaft {starter side}. Permissible out-of-
true of ring gear = 0.3 mm (.02"}.

69

Hiust, 142 K
1 — Surface, flush with ring gear
2 — Starter side of ring gear

With flywheels for torque converters the ring gear must
be flush with surface {1} llust. 142,

Catuion: If a ring gear has worked loose on the flywheel,
do not attempt to secure by welding. Remove the loose
gear and replace with a new one or replace flywhesl with
ring gear.

installation

Hlust. 143
1 — Rear oi! seal retainer 4 — Dowel pin
2 — Qil seal 5 — Stud

3 — Crankshaft flange, rear 6 — Starter pinion

Replace flywheel with ring gear on crankshaft flange {3)
Hlust, 143 taking care that dowel pin (4} seats properiy
in the flywheel bore. Use guide pins {Hlust, 139} and
lifting hook (1llust, 140},

Be sure all seating faces are clean and dry,

Tighten flywheel bolts in crosswise sequence in two pas-
ses. Refer to “Special Bolt and Nut Torque Specifica-
tions”,

Repiace clutch assembly or torque converter.
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PISTONS, CYLINDER SLEEVES AND CONNECTING RODS

4 1©
2_——©
—

E3IPF2H

N

4 —< 6\%

Hiust, 144

1 — Piston ring (first compression}

2 — Piston ring {second compression)
3 — Oil control ring

4 — Piston and sleeve package

5 — Retainer plug

6 — Pistan pin
. 7 ~ Sleeve
. 8 — Cylinder sleeve O-ring
9 — Bushing
10 — Rod assembly
11 — Bearing
12 — Bolt
13 — Nut
General

Neuss—build |H—engines have heen changed from four
to three ring type pistons.

Four ring pistons are no fonger available for service.

Pistons fitted with three rings and their cylinder sleeves
are not classified in groups, however, they should be
replaced as a set,

Whenever individual four ring type pistons fail, it is re-
commended to replace all piston sleeve assemblies of the
respective engine 10 avoid imbalance,

Piston dia and ““FRONT" arrow are stamped on the
piston crown,

For cylinder sleeve identification see "“Specifications",

NOTE: Pistons and cylinder sleeves must be handled
with care. Any fall or knock might result in out-of-
round,

NOTE: Tightening procedure for connecting rod nuts
has been changed.

A new “angle” tightening procedure for connecting rod
nuts must now be used repiacing the old “‘torque’’
tightening method.

Whenever the oil pan is removed, slightly loosen the

connecting rod nuts and retighten them using the
“angle” tightening procedure according to lllust. 168a.

IMPORTANT

Diameter of cylinder sieeve O-ring groove in the
crankcase has been reduced by 0.22 mm {.0086
inch) in the fall of 1979,

Groove Diameter:

A — NEW=118.32 ~ 118.68 mm Serial no. up
A (4,658 — 4.668 inch)

B —OLD=118.564 — 118.80 mm
(4.667 - 4,677 inch} up to Serial no,

Together with this change two new G-rings {8} have been
intreduced which must be used as follows:

A — for NEW groove DIA, O-ring with golden tracers.
B — for OLD grocve DIA, O-ring with red tracers,
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In brackets { ) max. permissible wear before reconditioning,

2

G 5788,

P

at DIA.
at DIA,

I

i ] o)
e —

“%-B“-L-—
-

llust, 145
Piston, measuring points

Piston clearance in sleeve measured 90 degrees from pin
hole, mm (inch)

(1): 0.09 — 0.13 (.0035 — .0050)
(2): 0.15 — 0.20 (.0059 — .0079)

98.32mm _ 3.871"

= 0.1 = 004"
98.35mm 38727 '0-10mm=.004") x

99.90 mm _ 3.933"
99.92 mm  3.934"

{-0,10 mm = 004"} xx

99.92 mm _ 3.934"

99.95 mm 3935 (0-10mm =.004") xxx

98.25 mm _ 3.868"

0.1 - 004"
98.28mm  3.8eg" (O-10mm hx

99.81 mm _ 3.930"

XX
. - -0.10 mm - .004"
99.85mm _ 30377 (010mm b xxx

35.997 mm _ 14172"

= +0. = 0012
36.002mm 141737 (O3 mm =.0012") z

CGES-310-1
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37.997 mm _ 1.4959"

+0.03 mm = .0012"
38.00Zmm 149617 | mm }z2

9.5mm= 37"y
4mm =.,16"yy

593 mm = 233"y
50 mm = 1.97" yy

Piston ring grooves:

i

Keystone {See NOTE on page 73)

3.24 mm -
3.26 mm

277
128"

{+0.05 mm = ,002") yy

244 mm _ 096"
247mm 097"

{(+0.05 mm = .002")

Keystone (DT-402 only) {See NOTE on page 73)

Piston ring height:

111

479mm  .188"

- +0.05 mm = 002"
482mm 190 \0.05mm )
Keystone y
3.15mm  .1240"

: - -0.05 mm - .002"
31amm  L123e" (005 mm by
2.375mm  .0935"

= .0.05 mm = 002"
2.363mm  po3o~ 008 m )

Keystone {DT-402)

4.737 mm _ .1865"
4725 mm  .1860"

{-0.05 mm = 002"}

X = axcept for D-246/268/DT-402
xx = D-246/268

xxx = DT-402

y = Piston with Full Keystone top ring and insert
yy = Piston with rectangular top ring without insert
Z = Naturally aspirated engine
zz = Turbocharged Engine
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Specifications — Continued

o

Piston ring grooves: {Mexico only) Piston ring gap:
324mm _ ,1275" - o Compression rings
: 356mm - 285" \10.05mm=.002") 035 mm _ 014" o o
055 mm oz e mmE.

324 mm _ .1278"

+0.05 mm = .002"
326mm_ i2g3 (o08mm )

Bottom ring
3.24 mm 275" o 0.26 mm 010"
tH — = +{0.05 = 002 . = = "
326mm_ .izs3" 005 mm ) 040 mm _ _oigT (t10mm=.04")
4.80 mm .1889"
v - = +0. =.002"
M 4,82 mm .18988" (+0.05 mm =.002")
Piston ring height: {Mexico only) Piston pin:
3.15mm _  .1240" R Dia
= 314mm  .123s '0.08mm=.002% 36.991Tmm _ 141700 5015 mm = .0006") 2
35987 mm  1.4168" ' o
" — 3.15 mm - L1240 (-0.05 mm = .002")
3.14 mm .1236" "
3799t mm  1.4957
= (-0.015 mm = 0006} zz
i 37.987 mm  1.4855"
M - 3.15 mm - 1240 (-0.05 mm - 002"}
3.14 mm .1236" ) ’ (/
v — 4.737 mm _ .1865 (-0.05 mm = 002} Clearance in piston )
4725 mm  .1860" 0006 mm _ 0002 | oo oo
0.015 mm 0006’ : ’

Piston ring clearance in grooves:

089 -.122 mm {,0035" - .0048") vy
Clearance in bushing

1 — .051-.381mm (.0020" - 0150 v 0.021 mm .0D08"

0.035mm .0G14"

{(+0.06 mm = .002"} ¢
H - .076-.107 mm (.0030" - .0042"}

0.035 mm _ .0014"

H — .051-.381 mm (.0020" - .0150") {DT-402) 0.049mm . 0019”

{(+0.05 mm = .002} zz

H — .036-.061 mm {.0014" - ,0024"")

y = Piston with Full Keystone top ring and insert
yy = Piston with rectangular top ring without insert
z = Naturally aspirated engine
zz = Turbocharged engine
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Ilust, 146 Front
Protrusion of Pistons —

0.32 (.0126) ., ,
A 7070 (.0275) {4-3/8" stroke engines)
Hust, 147

0.36 (0141} (5.06” and 5-1/2" strake engines Measuring points, cylinder sleeve

A=074 (0291)
1 — Crankcase
2 — Cylinder sleeve

3 ~ Piston
02289
Note: Piston ring groove, ring height and clearance can- é 0 T 7T 7 T T E T 72T T 77T T 7T,
not be accurately measured on full Keystone rings except
as follows:

a) Insert Perfect Circle Piston Ring Gauge No. 1 (1/8- 4 |
inch x 15°) in ring groove.

b) If one or both of the shoulders of the gauge touch
ring groove land, piston must be renlaced, ?

YA ITLLLTLLLL LA ITLLLLLEAA TS LT IA LA LG TS SIS S

¢) Measure clearance of Keystone ring in groove by ring

drop method to assure adequate ciearance of.06%-.381 | (e 3
mm (002 - 015"},

e 2 —FEE—

IHust, 148
Cylinder sleeve

CGES-310-1
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Refer to lltust. 148

98.425 mm _ 3.8750"
T 9B.449 mm = 3.8789”

0.05 mm = .002" out-of-round} x)

1 {-0.10 mm = 004" or

1 - 100.000 mm _ 39370” {-0.10 mm = .004" or
100.024 mm 3.8379"

0.05 mm = .002" cut-of-round}  xx)

2 — 200 mm =7.874"
2 — 215 mm = 8.464"

{4 3/8"” stroke engines)
{5.06" and 5 1/2" stroke engines)

.3031"
3037

5_ 7.700 mm _
7.715 mm

4 — 119 mm = 4 685"

x = except for D-246/268/DT-402
xx = D-246/268/DT-402

3
%m
[~

5 3
[~
? | 74— 2
S <
4]
o
§
[/
2-—--!:--/
/’/
A
- MH\*_“——--_‘
Hust, 148

Cylinder Sleeve Protrusion

1 — Crankcase

2 — Sleeve

3 — Quter flange

4 — Shim {use only if necessary}

008mm  ,0031” - oo
5—0.12mm = opazs (0:05mm=.002")

[Hust. 150
Connecting rod

NOTE: For DT-388 and DT-402 refer to tllust. 162 for
additional information.

_ 18796 mm_ 7.400 "
188,01 mm 7402 "

{4 3/8' stroke engines)

21384 mm _ 8419" (5.08and5 1/2”

21380 mm  8421"  stroke engines)
36.012 mm _ 1.4178"
2 - R N ) )
%022 mm  141gy (To08mm=.0012")

38.026mm _ 1.4971"
38.036mm  1.4975"

{(+0.03 mm = .0012%)
3~ 406 mm=.16" {except DT-358/DT-402}

3— 1.5mm =06 (DT-358/DT-402}

% = Naturally Aspirated engines
xx = Turbocharged engines

Removal and Disassembly

Remove cylinder head ana oi: pan. See respective secti-
ons of this manual,

Turn the engine bottom side up and remove connecting
rods individually,

Mark the connecting rods from front to rear with con-
secutive figures,

Carefully store connecting rod bearing inserts, so that
they can be reinstalled in their original positions when
reused,
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Itlust. 151 fHlust, 163
Checking cylinder sleeve wear Remowng or installing piston
rings with ring expander

Check cylinder sleeve wear before removal, tllust, 151,
See “Specifications”. Sleeve bore can be measured with
a cylinder dial gauge.

YLERST

If excessively worn, remove the cylinder sleeves, using

the removing tool as shown in {lust. 152, see parts cata-
log.

s

Hlust, 154
Removing or installing piston
pin circlips

[Must, 152
Removing cylinder sleeves

Mark pistons from front to rear with consecutive figures
before they are removed.

Continue as shown in |llusts, 153 1o 155,

llust, 165
Removing or installing piston pin

CGES-310-i
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Cleaning, Inspection and Repair

Remove carbon deposits from the piston, cleaning also
ring grooves and lubricating holes.

Wash all parts in Diesel fuel and dry with compressed air.
Cylinder Steeves

Measure wear with sleeves in place {lllust. 151} and
replace worn cylinder sleeves with new ones,

NOTE: Replace cylinder sleeves and pistons as a set. To
avoid imbalance do not mix up three and four ring type

pistons in one engine.

Pistons

Hust. 166
Checking Piston OD

The piston is cam ground, therefore it has two different
diameters. To determine piston wear {piston clearance
to cylinder sleeve} its bigger diameter, across the thrust
face must be measured, see !llusts. 156 and 145, Com-
pare the result with “Specifications”.

inspect the piston for scuffed or scored skirt and the
piston ring grooves for wear, see "“Specifications”,

Check piston pin and its bores in the piston against
“Specifications”.

Discard any worn and/or damaged pistons.
Replace pistons and cylinder sleeves as a set.

NOTE: New piston pins may be used individually,
provided that the diameters of the pin bores in the
piston bosses are less than 36.04 mm {1.419") for natur-
ally aspirated engines or 38.04 mm (1.498"} for turbo-
charged engines. Qut-of-round of pin bore must be less
than 0.03 mm {.0012"}.

Piston Rings

To determine piston ring wear:

a) Check piston ring height using a micrometer.
b) Check piston ring gap using a feeler gauge.

Compare the results with “'Specifications”.

lust. 157
Piston Ring Gap

To check piston ring gap the ring must be placed square-
ly in a new cylinder sleeve, lllust, 167, Replace piston
rings as a set only,

NOTE 1: Pistons may be fitted with new ring sets pro-
vided float wear on sleeves and pistons is negligible,
Especially out-of-round of cylinder sleeves 0.056 mm
{.002'"} must not be exceeded.

NOTE 2: Before new piston rings are fitted, remove the
ridges left in the sleeves at the top of ring travel to avoid

noisy engine operation and the danger of top ring break-
age.

CONNECTING RODS

Replacing Piston Pin Bushings

To determine the piston pin clearance to piston pin
bushing subtract the diameter of a new pin (see “Speci-
fications”} from the inner diameter of the used bushing.
The pin clearance to the bushing should be less than
0.085 mm {.0034"), otherwise use new connecting rods
or replace the piston pin bushings as follows:

A} Naturally Aspirated and DT-239

1. Remove the old bushing and clean the eve,
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2. Lubricate and press in the new bushing taking care 7. Never attempt to replace piston pin bushings un-
less the necessary tools and machines are available.

its split is towards the side and the bushing clears
the edge of the connecting rod eye evenly on both

sides.

3. Drill the lubricating hole. See {3) Hiust. 150,

lust, 158
Checking connecting rod for sguareness

Before fine-boring the new piston pin bushing,
check the connecting rod for squareness and dis-
tortion, Iltust, 158,

Strictly observe dimensions (1) and {2) H#ust, 150,
when fine-boring the bushing, fllust. 159, 10 en-
sure correct piston head clearance.

A deviation of up 10 0.10 mm (.004"") from the
upper tolerance measurement of distance (1)
Hlust, 150 is permissibte,

Hiust, 159
Fine-boring piston pin bushing

CGES-310-1

Use a new connecting rod with bushing if neces-
sary,

[thest, 160
Checking alignment

1 — Stop
2 — Dial indicator, stylus
with bellcrank

After fine-boring install the piston and check for
crank pin to piston pin alignment, Ilust, 160.

Hf necessary realign by straightening the connect-
ing rod, lllust, 161,

A misalignment of max. 0.04 mm (.0018"") is per-
missible.

[Hust. 161
Straightening the connecting rod
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B) DT-358 and £ 4500 & iusines Use new O-rings when reinstalling cylinder sleeves, e
. Make sure O-rings and crankcase grooves are clean and ig
IR dry.
ii 4
: : {6E6-50

Coat the O-ring with engine oil and carefully install the
O-ring into the crankcase groove, Be sure the O-ring is
properly seated in its groove,

Porrm or e

Apply a lght film of engine oil to sealing face of sach
cylinder sleeve to ensure O-rings are not twisted in their
grooves as the sleeve is installed.

]

|
P
s

oﬁ

i
3

%

~3
e

Pl

2-—-3.-;
- 2
Hiust, 162 i
mm inch) ,
<1 —  {DT-402 oniv) ma king on No. 1 rod !
0 213.84 {8415)
T 213.89 {8.421)
3 38.026 (1.4970)
® 7T 38.036 11.4974)

4 —  DB7T-368: 25 iid
4 — | DTA02: 1.5 1 05;

5~ 05 15137 % 45°) l i e

—_— v ARV TG0y o : i N |
5o w44 ® ) N !

6 —  Evenly on hnvir sides ' ] i

7 —  Oil-passage llust. 163

Checking Cylinder Sleeves for Qut-of-Round

o

To replace piston pi hshings, proceed as follows:
Check the cylinder sleeves for possible out-of-round

With a support plate end a properly fitting adapter press especially in their sealing areas, [llust. 163.

the old piston pin bnsnings from the connecting rod, Do

not damage the curneeiing rod bore. Remove burrs and If out-of-round exceeds 0.02 mm {.0008") check for
clean the bore thoroughly, Press in the new bushings twisted O-rings, dirt, etc. and remedy the fault

from beoth sides i the connecting rod bore with a T )

hydraulic precision oross. NOTE: Check cylinder sleeve protrusion according to

Make sure the gap betwsen the bushings is within the lllusts. 83 and 83a.
specifications, see {4} illust. 162. Chamfer both bushings,
see (B).

Continue according to steps 4 to 9 under A},

IMPORTANT

On DT-402 engines the No. 1 connecting rod is of
controlied length so as not to interfere with the oil
pump. To prevent mixing up of connecting rods
the first rod is marked with a ""1’* at the bottom of
the rod cap, see {1} [llust. 162. For service pur-
poses only connecting rods with controlled length
are used.

Reassembly and installation

illust, 164
Cylinder Sleeves Cylinder Sleeves Locked
NOTE: Measure oyiinder sleeve Q-ring groove to deter- Before turning the engine bottom side up lock the cyl- (\
mine correct O-ring replacement. Refer to General for inder sleeves as shown in lllust. 164, to protect them -
groove diameter dithonsion, against dropping out.
CGES-310-1
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Pistons

When installing the piston, be certain the arrow on the
piston crown points to the front of the engine and the
boss of the upper connecting rod end is on the camshaft
side.

lust, 165
Installing the Piston

1 — Piston pin
2 — Special pliers
3 — Connecting rod ciamped in vise

Heat the piston to approx. 76°C {170° F} before installing
it, illust, 165.

Insert piston pin circlips, lllust. 154,

C ]
C 5 2
. " 3
& ":}
o
07 mamuer

P

lHust, 166
Arrangement of Piston Rings
{Pistons without insert for 1"}

1 — 1st compression ring
2 - 2nd compression ring
3 — Qil control ring

NOTE: Illust, 1662 shows piston ring eguipment of
DT-402 engine. On this version ring {2) is marked with
"TOP 3" for identification,

Use a ring expander {ltlust. 153) and install piston rings
as shown in Must. 166 or 166a.

LBE VY
- 3 o
1
[ j
l ]
ol T
.
[ust. 166a
Arrangement of Piston Rings
{Piston with insert {4)
1 — 1st compression ring
2 — 2nd compression ring
3 — Oil control ring
4 — Insert
A — Piston pin bore nominal
DIA: N. A. engines:
38 mm (1.4 in.)
DT-engines:
38 mm (1.5in.)
Note: IHust. 166a shows piston ring equipment of

DT-402 engine. On this version ring {2} is marked with
“TOP 3" for identification.

Use a ring expander ({llust. 153) and install piston rings
as shown in {llust. 166 or 166a.

Take care the word TOP on the rings points to the
cylinder head. Start by installing the oil control ring
and work upwards toward the piston crown.

Caution: Do not overspread rings.

Connecting Rod

IHust. 167
1 — Boss of the upper connecting rod end
2 — identical mating figures on connecting
rod and bearing cap
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Observe the following when installing the piston and
connecting rod assembly,

a} Boss (1} Hlust. 167 must be on the camshaft side.
b} Mating figures {2) must be in line.

¢} Reused pistons and/or reused bearing inserts must be
reinstalled in their original positions.

d} On DT-402 observe No. 1 marking on first connecting
rod.

e} Be sure to install bearing inserts with oil bores in the
correct position.

f) Lubricate pistons and cylinder sleeves with engine oil
SAE 30 before installation. Also lubricate crankpins
and bearing inserts.

g} Use a piston ring compresser and insert piston with
connecting rod assembly through top of crankcase.

“Angle” Tightening Procedure for Connecting Rod Nuts

Hiust, 168
Tightening Connecting Rod Nuts

Proceed as follows:

1. Pre-tighten connecting rod nuts to a torque load of
25 Nem (18,5 Ib/ft), lllust. 168,

2. Tighten the nuts further by turning them through an
angle of 120° which corresponds to 2 flats of the nut,
Hust, 168a,

NOTE: The 120° angle can be easily controlled by
marking the connecting rod nuts (socket) in relation to
the bearing cap.

After cornecting rod bearing caps are installed, check
for proper side clearanca 0.16 — 0.30 mm (.006 —~012"),
see {llust, 163,

litust. 168a
“Angte'’ Tightening Procedure for Connecting Rod Nuts

Ifust. 169
Checking Connecting Rod Side Clearance

1 — Connecting rod nut
2 — Feeler gauge

NOTE 1: Whenever the crankshaft is reground to any
undersize the crankpir runring clearance should be
checked,

Use the virgin lead wire method for this purpose as out-
lined in “"Main bearing fitting procedure”, See “‘Specifi-
cations”,

NOTE 2: Check the protrusion of every piston when-
ever the piston pin bushings have been replaced, see
tlusts, 170 and 1486,

IHust, 170
Checking piston protrusion

CGES-31¢-1
PRINTED IN UNITED SFATES OF AMERICA

P



81

OIL PUMP

IfHlust, 171
Qil Pump, Present Design

General

The gear-type oil pump, V".ist. 171, supplies all bearings
and moving parts of the e.~yine with the necessary lubri-
cant, The oil pump is driven by the crankshaft pinion
via idler gear (10) and oil pump drive gear {15). Idler
gear is carried on two tapered roller bearings.

The oil is taken in from the crankecase oil sump through
the suction screen and passes under pressure through a
pipe to the oil filter, whence it is distributed via the
main oil gallery to the oil passages in crankcase and cyl-
inder head and to alf bearings.

Body gears for 3, 4 and 6 cyl. engines differ in effective
width, resulting in a different pump capacity to meet the
tubricating oil demand of the various engines. See
“Specifications’’,

A spring-loaded relief valve {8} is provided in the pump
body to maintain the specified circulating pressure by
returning oil in excess of requirements direct to the oil
sump,

NOTE: Seiflocking nut (14} lust. 171 replaces the
former fastening method with shaft nut, lock washer
and tab washer.

IMPORTANT

The new self-locking nut {14} must not be used on
idler gear shafts with milled slots for the old tab
washers. When using the new locking nut, remove
the slotted shaft and install the new idler gear
shaft {20} without a slot, see lllust, 183a,
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Specifications

I

Ve

9,958
SRE

~

S

YL

(st 172
Qil pump housing

in brackets {) max. permissible wear before reconditioning.

1 — Pump housing {3-cyl.- engines) :g?’;_ﬁi :E - ggﬁ:g:' (4+0.05 mm = .0019'.,)
Restam - LS oo ove'
2 . 0 %8 . _I0 005 cov
3 — Idler gear shaft, OD 13‘13215 Emnrg - ;g%g (- 0.05 mm = .0019"}
Idler gear bore, dia 121;&? :2 = ___7]22; (+ 0.05 mm = .0018"}
Drive gear {15) lllust. 171, shaft dia }ggg? rgz - ;328 (- 0.05 mm = .0019")
Body gears {9}, width {3-eyl.- engines) :g;gg rrnng - gggg' (- 0.05 mm = .0019")
{4-cyl.- engines) 2SI, - 5% (-0.05 mm = 0019")

(B-cyl.- engines) 38.494 mm 1.5150"

38,520 mm = 15165" ':' 0B mm= 0019 }

End.play

Idler gear (10) 0.0 -0.05mm=,0 -0019"

Drive gear (15) 0.05--0.10 mm = 0019—.0039" {0.10 mm = .004")

Running clearance

Body gears (9) 0.03—0.08 mm = .0012—0031” {£0.10 mm = .004")

Backlash

Crankshaft pinion/idler gear {10) 0.15-0.88 mm = .006—.015" (+0:2 mm =.008")

Idler-gear (10} / drive gear (15) 0.20-0.36 mm = 008—.014" (+0.3 mm = .012")

Spring (7) NEW oLb

Free length 72.4 mm = 285" or'85,8 mm = 338" 64 mm =2.520"

Test length 47.2 mm = 186" or 472 mm= 186" 47.2 mm = 1.858"

Test load 147N-="33 Ibs or 223N =50 ths, 80—89 N =18--20-Ibf
CGES:310-1
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Removal and Disassembly

Removal of the oil pump, see lllust, 88a.

[Hust, 175
t — Cover
‘ 2 — Housing
lust, 173 3 - ldler body gear
Checking gear backlash 4 — ldler gear
5 — Carrier

It is a good practice to check cil pump gear backlash and
end play before removing {and disassembling) the pump. Remove cover (1}, housing (2}, and idler gear {3}, Illust.

See "Specifications”. 176,

lust, 174 ' Hlust, 176
Removing the relief valve
Split off and remove driving body gear, Hlust, 176,
1 — Retainer washer
2 — Spring
3 — Valve

Remove the relief valve, Hlust, 174, Use protective gloves and goggles.
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Niust, 177

1 — Oil pump drive gear

2 — ldler gear

if necessary, remove the idler gear (2} Iilust. 177,

Cleaning, Inspection and Repair

Note: Insert bolts (3) before installing the gear (2}
fust, 178.

Heat body gear (Z) to 200—4000C {390—7500F},
Slide the hot gear onto shaft {1), making certain, that a

gep of 0.10 mm (.004") is obtained bet.ween gear and
pump carrier (B), Check with a feeler gauge (4).

IHust, 179

Install gear (3} llust. 175 and reassemble the oil pump
as shown in 1llust, 179,

Wash all parts and check them against “'Specifications”.

Tighten the housing bolts evenly, observing a crosswise

Replace worn parts or the complete pump if worn ex- sequence,

cessively.

[Hust. 178

Be sure the pump rotates without binding.

) [Hust. 180
1 — Drive gear shaft
2 ~— Driving body gear {shrink-fit} install the relief valve, using special tool, Iliust, 180, See

3 — Housing bolts

also 1ust, 174,

4 — Feeler gauge (0.10 mm = .004")

5 — Pump carrier

Instail the idler gear as follows:
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IHust. 181

1 — Long hub end

2 — Circlip

3 — Washer

4 — Quter race

5 — Inner roller bearing

Insert circlip (2) Hiust. 181 in its groove. Replace washer
{3} facing the long hub end side {1) of the gear. Install
the two outer races (4} with their small diameter facing
the inside of the gear,

illust, 182

1 — Inner roller bearing
2 — Drift punch

Use the drift punch provided for this purpose and drive
the inner roller bearing on the shaft, see Iliust. 179.

Lubricate roller bearings with engine oil SAE 20,

Place idler gear on shaft with short hub end facing the
oil pump.

Instalf the second roller bearing, tab washer, lock washer
and shaft nut in this seauence,

Tighten the shaft nut until an idler gear end play of
0 —0.05mm (0 — .002 in.} is obtained, llust. 180,

Lock the shaft nut,

85

IHust. 183
Adjusting ldler Gear End Play

Idler Gear Fastening with Self-Locking Nut

NOTE: The self-locking nut must have a minimum
(thread-resistance} torque of 4.5 Nem {3.3 |bf-ft) on
the total thread area hefore the specified end play of
idler gear {illust. 183} is obtained. Muts not reaching
this torque have to be replaced. Do notreuse, Replace
the self-locking nut after every dismantling.

IMPORTANT

Do not use the self-locking nut on slotted idler
gear shaft. Replace these shafts as follows:

Idler Gear Shaft Replacement

Hlust, 183a

1. Press out idler gear shaft (A), lllust, 1833, taking care
not to damage the shaft bore.

2. Measure the shaft bore diameter, If the diameter ex-
ceeds 18,88 mm (785"} use a new oil pump carrier
and shaft without siot.

3. Apply liguid loctite into the bore and press in the
new shaft, observing dimension (B}, .6 — .8 mm
{.023 — .031".

Installation

See {llusts. 88a and 110a.
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WATER PUMP

illust, 184

1—8 components of water pump

General

Depending on application, some components of the
water pump may vary in design. See “'Specifications’’.

The HD bearing and housing {7+6) may be used instead
of the lighter version but not vice—versa.

Refer to Parts Catalog for detailed information.

Bearing (7)
Shaft ends, dia {large) 24.000 mm _ .9449"
23.887 mm 9444
{smalt) 17.006 mm _ .8894"
16.993 mm .6eeq”

Note: Bearing shaft ends may be both small
diameter or-a large and small diameter.

Hication 0D (large} 47.000 mm 1.8500"
Specifications 46,987 mm 1.8498"
Hub (8) Hiust, 184

{smail) 38.100mm _ 1.500 "
Bore, dia {large) 23.957 mm _ .9432" 38.087 mm 1499

23.939 mm  .9425"

(small} 16.962 mm _ .6677" Body (6)

16.944 mm .BB70"
. " {small) 38.063 mm _ 1.4885"
Bore, dia ig-gg m ggg: 3®.0/9mm  1.4991"
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Removal and Disassembly Replace V-belt pulley when inside of “V'' is worn and
belt is riding low,

3o,

Hlust, 185
Removal or installation of water pump
Remove fan, V-belt pulley and pump (11lust, 185}, [Nust, 13°
Removal of e ting

1 — Spring luddsd 1 acking
2 — Rear shaft ey
3~ Hub

Remove bearing face rirg and (-ring out of impeller,
[Hust, 188,

illust, 186
Removing impeller

07374

1 — Jack screw 1/2° — 13
2 — lmpeller

Use screw {1} Hlust, 186 to remove impelier {2).
Cleaning, Inspection and Repair

Clean all parts and dry with compressed air,

Replace bearing assembly {1) filust. 190 with a new one,
if pump has been running rough and/or noisy.

NOTE: When servicing the water pump always replace
spring loaded packing bearing face ring (5) and O-rings fHlust. 188
{6 and 7} Hlust. 190. Removing bearing faua ring
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For details see lusts. 191—-193.

IHust, 188
Disassembled pump
1 — Bearing [Hust. 191
2 — Body Pump bearing flush with front
face of pump bod
Reassembly \\ pump body
%‘ Clean and coat the bore of the pump body with engine
A : oil SAE 20 before installing the bearing.
2 ‘ Use an arbor press and suitable mandrel and support
N sleeve for bearing installatiorn.
z : A 4
APt . ‘ K 7 Bearing must be flush with body {see arrow lllust. 191},
ol N
5
; =T 9
4
B —8
6
1
3
ust, 190
A—Gap0.3—-85mm= 012 -.020"
B — Hub must be flush with shaft end
1 — Bearing 6 — O-ring (early
2 — Hub version only)
: Hlust, 192
3 — Body 7 — O-ring st .
4 — Springlleaded packing 8 — Impeller tnstalling packing
‘B — Bearing face ring 9 — Plastic plug 1 — Installing sleeve. packin
1 ~ Installing s , packing
Reassembie pump as shown in lust. 190, 2 — Support slesve, body front
CCES-31D-1
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When installing spring-foaded packing {4} Hiust. 190 and
bearing face ring (5) make sure that

al O-rings {6 and 7) are installed,
b} packing and face ring are properly seated,
c) sealing faces of packing and face ring are not da-

maged.

Clerance A" lllust. 190 must be maintained when press-
ing on impeller.

To correct clearance, use a 1/2" jack screw as shown in
Hlust, 186.

Press on hub flush, see ""B*" 1ltust. 180.

fHust, 193
Pressing on impeller

89

Must. 194
Checking height of blade edges

Clean the fan,
Inspect fan for cracks and distortion. Check to see that
all blade leading edges are in line, as shown in 1ltust. 104.

NOTE: Fans differ in shape of blades, effective dia-
meter, number of blades and direction of air flow;
see resp. Parts Catalog.

Check for loosened rivets.

If blades are cracked or distorted, replace the fan with
new one.

Max. permissible run-out at the fan blade tip {installed},
1.5 — 2.0 mm {0.06 — 0.08 inch).

installation

Sealing faces on pump and engine front cover must be
clean and even.

Torgue bolts equally and in a crosswise sequence,
Install V-belt pulley, spacer and fan.
Adjust V-belt according to ""Operator’s Manual”.

When using new V-beit inform customer to readjust in
time,
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THERMOSTAT AND COOLANT MANIFOLD

Hlust. 195

A — Long coolant manifold
B — Short coolant manifold

General

Upper and lower section of [llust. 195 show two differ-
ent versions of thermostat and coolant manifold used at
present, see A" and "B".

The thermostat controls the coolant flow within the en-
gine,

When the thermostat is closed, coolant is circulated by

the water pump through the crankcase into the cylinder
head and to the water manifold and back to the water
pump.

When the thermostat opens, the coolant leaves the cy-
linder head and water manifold and enters the radiator.

Coalant temperature is controlled by temperature sen-
der unit {10} and transmitted to a temperature gauge on
the instrument panel,
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Specifications
Thermostat {5) Illust. 195
Opening temperature

Fully open at
Full stroke

78—820C = 172—-1800F
88—920C = {90-1980F
8 —9 mm = .315-,368""
Thermostat {13}

Opening temperature 80—-840C = 176--1830F
Fully open at 850C = 203°F
Full stroke 9 mm = 355"

Removal and Disassembly

; a
Hlust, 196

1 — Thermaostat

2 — Connection to radiator

3 — Hose connection to coolant manifold
4 — Hose connection to water channel

5 — Temperature sender unit

6 — Coolani manifold

7 — Water channal (by-pass)

Drain the cooling system. Remove exhaust manifold and
coolant manifold,

To remove thermostat {1} Hlust, 196 loosen hose ciamps
of connections (3} and {4).

To remove the thermostat of the short coolant manifold,
Hiust. 197, remove thermostat housing (4} and lift out
the insert,

21

Hiust, 197

1 — Cover

2 — Coolant manifold

3 — Retainer boits

4 — Housing,thermostat

5 — Connecting hose

8 — Hose clamps

7 — By-pass

8 ~ Temperature-sender unit

inspection and Repair

Ptace the thermostat in water, Heat the water and obser-
ve opening begin and check if the full stroke of the ther-
mostat is within "*Specifications’’.

Make a similar test with the temperature sender unit,
Check the registered temperature on the heat indicator
against a reading taken with a reliable thermometer.

Repairs on temperature sender unit and thermostat
should not be attempted. In case of failure, unsatisfact-
ory service or damage, replace defective parts with new
parts,

Check the coolant manifold for cracks and/or distortion
of connecting flanges.

Check all hose connections for cracks and replace brittie
parts with new ones.

Installation

Use new gaskets {2} and {12} !llust, 185 for manifold
and thermostat,

To obtain a positive earth connection a copper washer
{instead of a lockwasher} must be placed under one of
the lower stud nuts.

Tighten the temperature sender unit to specified torque,

See "Special Nut and Boeit Torque Data’".
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FUEL SYSTEM

NOTE:

Refer to GSS-1460-3 or 185-1522-3 for Fuel Injection

Pump Test Bench and Fuel Rate Specifications.

INTRODUCTION

This manual contains servicing instructions for Robert Refer to information for appropriate pump model when
Bosch fuel injection pump models EP/VA and EP/VE. servicing.
CGES-310-1
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FUEL SYSTEM

Hiust. 188

1 — Fuel tank
2 — Suction lines
3 — Shut-off valve

General

lHlust. 198 shows a typical fuel system with fuel tank lo-
cated above the injection pump tevel to provide gravity
flow,

Depending on application, the fuel tank may also be in
line or below the injection pump, using a camshaft dri-
ven feed pump to ensure a pasitive fuel supply.

Depending on operating conditions a water trap and a
"“watch-dog” filter can be installed in addition to the re-
gular filters,

4 — Dual filter
5 — Injection pump
6 — Injection pipes

7 — Nozzle holder assembly
8 — Fuel return line
9 — Excess fuel return line

The main units of the fuel system are covered individu-
aliy in the following.

Engines may also be equipped with "'CAV" Pumps.
However, this manual does not contain maintenance and
servicing instructions regarding ""CAV"'pumps,

Where necessary, therefore, such information should be
obtained from the manufacturer.
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9 FUEL INJECTION PUMP EP/VA ..H..CR..

Hiust. 199

Supply and return fuel
Charging pump pressure

Auxiliary governing circuit

Jion

Injection pressure
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L.egend to lHust, 199:;

1 — Charging pump
2 — Roller retainer
3 — Face cam
4 — Distributor plunger
5 — Return spring
6 — Charging pressure regulating valve
7 — Automatic timing device
8 — Fuel return valve
9 - Throttle
10 — Control plinger assembiy
11 — Automatic control plunger for excess
fuel (turbocharged engines oniy}
12 — Delivery valve
13 — Holder, delivery valve

14 — Screen

15 — Spring

16 — Shims

17 — Shim
General

The Robert Bosch model EP/VA ... H ...CR ... fuel in-
jection pump is a single plunger, rotary distributor type
pump incorporating a hydraulic spill port governor.

A single plunger, actuated by & face cam, pressurizes the
fuel in two separate circuits. Primarily, it supplies high-
pressure fuel to the nozzles and, secondly, a lower-pres-
sure fuel to an auxiliary circuit for controfling fuel deli-
very to the engine, At the same time, rotation of the
plunger distributes pressurized fuel from the primary cir-
cuit to the individual nozzles,

The accessory units, such as the hydraulic governor,
charging pump, and automatic timing device are located
inside the pressurized fuel filled housing.

The main component parts of the pump are:
1. Charging pump (1} llust. 199, charging. pump

pressure regulating valve (8}, and fuel return valve
(81,

95

2. Automatic timing device (7} consisting of a spring-
loaded piston, roller retalner (2}, and connecting
pin,

3. Hydraulic head, housing the mated distributor
plunger {4) and the hydraulic governor, the latter
consisting of throttle {8}, control plunger (10),
control plunger spring {21) {llust. 200, check valve
{19), and delivery valves {12} I!lust, 199,

Principle of Operation
Charging Pump

The vane type charging pump (1} iilust. 199 having six
steel vanes, is built around the drive shaft, The capacity
of the charging pump is greater than the requirerments of -
the engine, The excess fuel is used to cool and lubricate
the pump and is recirculated to the fuel tank. Charging
pump pressure is controlied by a pressure reguiating val-
ve (6). Pump output is exposed to the automatic timing
device {7) and to the charging chamber around the hy-
draulic head, Charging pump pressure will vary with the
speed of the engine. i

f

Automatic Timing Device

Automatic timing advance is accomplished by the rota-
tion of the cam roller retainer. Charging pump fuel pres-
sure is exposed to one end of the spring loaded advance
piston (7). As the pressure increases, due to an increase
in pump speed, the piston moves over against the pressu-
re of the advance spring. This rotates the roller retainer
{2} in the advance direction.
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Hydraulic Head
@. —1 Injection pressure
4 [ 1 Auxiliary governing circuit
1 &= v n A2 13
8 3 Charging pump pressure
7 1 1 — Hydraulic head
y 2 — Filling port, auxiliary circuit
== = = N 15 3 — Filling groove
6 ( = .-;5 4 — Throttle
N ¥ = 5 — Throttle flow area
/1 £ = 6 — Throttle compensating area
5 AN 7 — Qutlet port
g /] > 16 8 — Delivery valve, pressure chamber
/. 9 — Qutlet nipple with delivery valve
- 3 17 10 — Distributing groove
4 11 — Annulus, upper
12 — OQverflow passage
- _ 18 13 — Filling passage, upper
3 i <44 > 14 — Stop slot
15 — Restriction
/] 19 16 — Control plunger
17 — Spill port for maximum control plunger }ift
e 20 18 — Spill port for end of delivery
2 22 19 — Check valve
20 - Spill port, auxiliary circuit
L 24 2 21 - Control plunger spring
23 22 — Control groove
23 — Plunger
IHust, 200 24 — Annulus, lower
Phantom view of hydraulic head
19 26 27 4 16 For legend 1-24 refer to [Hust, 200
\
25 — Charging purnp circuit
26 — Auxiliary governing circuit pump
27 — Injection circuit pump.
12 28 — Control helix of the controf plunger
28 289 — Mechanical control slunger stop
A ]8
5 BDC ~ Position of the Distributor Plungsr
-
- T * ' The inner pump housing, the governing — and injection
/ / / ’/’ & A; e~ /1 circdits — are under charging pump pressure, Hllust, 201,
"/ ///II S 7]
2 2013 o g
Must, 201
Distributor plunger (23) in BDC
CGES:318:1
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Fuel Delivery

%%7///7///1 { %

AN

N

OO

.4

lltust, 202

a} On the injection stroke, fuel in the injection circuit
{27} Hlust. 201 is pressurized and directed by the
distributing groove through the various outlet
ports to the individual delivery valves (9).

b) Fuel in the governing circuit {26) is also pressuri-
zed and directed via throttle (4) and check valve
(19} behind the control plunger {16} and forces
the latter against control plunger spring {21). See

akso 1Hust, 202,
End of Fuel Delivery
7/ < 7 7 //‘/ B
L7727 >
=) 9

7

Hiust, 203

The end of fuel delivery is reached as soon as helix (28)
Hlust. 201 of the control plunger clears the spill port
(18). See also Hlust, 203.

97

Reiurn Stroke

v

G 5715,

AU Y

lHlust, 204
Distributor plunger in TDC

OO

On the plunger return stroke check valve {19) lllust. 201
and delivery valve {8) are closed.

Control plunger spring {21) forces control plunger {16)
against its mechanical stop (29) displacing governor
circuit fuel via throttle {4),

See also Hlust, 204

Max. Torques

Iltust, 205

a1l — Control plunger travel at max, torque
29 — Mechanical stop

At maximum torque the control plunger is using its full
stroke {al} Illust. 205 returning to its mechanical stop
(29) every time,
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Partial Load

Hlust. 208

a2 -~ Control plunger travel at partial foad
30 — Hydraulic stop

In partial load position the return flow of fuel in the
governing circuit is restricted by helixes on the throttle,
This creates a hydraulic stop {30) Illust, 206 resulting
in a minor trave! (a2} of the control plunger to end fuel
delivery.

Stop Position

Itlust, 207

14 — Stop slot of the
control plunger

By rotating the control plunger to stop position the stop
slot {14) 11ust.207 is brought into atignment with the
spill port {18) Hlust, 200. This connects high pressure
circuit to the inner pump housing stopping al injection.

Excess Fuel for Starting
7

Hlust, 208

Fuel delivery is at its maximum when the control plun-
ger is rotated so that it does not open the high pressure
circuit, that is, when there is no reciprocating movement
of the control plunger. To accomplish this, a restriction
{15} Illust. 208 on the controf plunger travels across
the passage between the plunger section for the auxiliary
fuel circuit and the charging chamber. This keeps the
passage open for excess starting fuel. For starting, the
operator manually holds the control plunger in the
excess-fuel-for-starting position.

When the engine starts and attains sustaining speed, the
auxitiary fuel quantity is increased to a point where it no
longer can be returned through the restriction {15) 1llust
200 and the throttle helix (6}. Pressure builds up behind
the control plunger and the plunger starts reciprocating,
thus reducing the fuel quantity by spilt port action, even
if the control lever is not immediately returned to the
normal operating position,

Delivery Valves

\

4
llust, 209

4 — Torqgue land with flat
6 — ldentification number

1 — Seat and guide
2 — Valve
3 — Retraction land
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The delivery valves {lllust, 209) are designed to furnish
line retraction and torque rise as needed for good perfor-
mance, The delivery valve and its seat are a selective fit
and must not be interchanged,

All valves are identified with a number imprinted on the
outside of the valve seat or on the flutes of the valve.
Some have only the last six numerals of the complete
number,

All valves have a retraction land, and some also have flats
on the lands. The size of the flats, plus engine speed and
fuel rate are considerations in determining the injection
line “leak back" or line retraction,

Some valves have a torque land while others have not. If
the valve has a torque land, it will have at least one flat,
The presence or absence of a torque land, the number
and size of the flats, plus fuel rate and engine speed are
design considerations in providing the fusl delivery dif-
ferential for overload torque rise.

Checks and Adjustments
Low and High ldle

1. Start the engine and disconnect the throttle linka-
ge as soon as the engine is hot,

2. Loosen the low idle screw locknut and adjust the
screw in or out until specified low idle rpm is rea-
ched. Use a portable tachometer to read the rpm.,
Refer to “Specifications” for correct rpm in
Service Manual GSS-1460-3 or 1S5-1522-3,

3. Secure the locknut and recheck rpm,

4, To adjust high idle, hold the throttle lever against
the high idle stop with a large rubber band or
O-ring. Loosen the locknut and adjust the screw in
or out until the correct rpm is reached, Refer to
""Specifications’ for correct speed.

5, When correct rpm is reached, secure locknut, Re-
check high and low idle and correct as necessary.

Start and Stop Position Adjustment

1. Disconnect the shut-off cable, Loosen the locknut
on the shut-off plunger, see I'lust. 210, Back the
stop out several turns.

2. With the engine running at approx, 900 rpm, move
the control lever rearward until engine speed in-
creasas. Turn the stop in untit the plunger just con-
tacts the lever, see fllust, 210. Recheck several
times.

89

[Hust. 210
Setting excess fuel for starting

if the control lever is moved slowly rearward, the engine
may die before this position is reached.

3. Move the controd lever fully rearward to depress
the plunger. The engine must shut off at all thrott-
le settings. Check for shut-off at high idle Read-
just if necessary,

4. Be certain the cable works freely before reconnect-
ing to the control lever.

Note: Power output adjustment, see Illust. 221.

Fuel Supply Pressure

Nust. 211
Vacuum gauge instatled

Install a vacuum gauge of -0.1 to +0.15 MPa (-14 10 +21
PSI) range, as shown in IHust, 211,

With engine warm and running at rated load speed, the
vacuum reading should not exceed -0.02 MPa (-2.8 PSI},

CGES-310-1
PRINTED IN UNITED STATES OF AMERICA




100

Otherwise, check for restricted fuel filters, shut-off valve
and/or supply line,

Charging Pump Efficiency

To check charging pump effeciency install a vacuum gau-
ge as shown in 1Hust. 211,

With engine running at high idle speed close the shut-off
valve.

Before the engine dies, take & vacuum reading which
should be 0.06—0.08 MPa (8 10 11 PSH).

Note: |f, after the engine has died, the pointer of the
gauge drops to zero too quickly, check the shut-off valve
and the fuel supply line for possible leaks. Remedy the
fault and recheck charging pump efficiency.

Charging Pump Pressure and Autornatic Timing
Device

Recommended equipment:

Precision tachometer, 0 — 3000 rpm

Precision pressure gauge, 0 — 1.5 MPa (0 — 210 PSI)
Timing Piston Gauge, R. Bosch order number 1688 130
121 and Intermediate Mounting Flange R, Bosch number
1 685700 104,

Roll pin removing tool, R. Bosch order number KDEP
1027 or Puller PLT-356-6

Home made regulating valve adjusting tool, as shown in
llust, 223,

A) Charging Pump Pressure
Close fuel shut-off valve,

Remove cover plate at timing advance piston,

install timing gauge (1} and pressure gauge {2), lllusts.
212 and 213, See Note.

Open the fuel shut-off vaive.

IHust. 212/213

1 — Timing gauge
2 — Pressure gauge, 0—1.5 MPa {0-210 PSI)

Start the engine and check charging pump pressure at
minimum overload speed and rated load speed, Refer to
"Specifications”. it is necessary to load the engine when
making these checks, These Figures are located in
Service Manual GSS-1460-3 or 185-1522-3,

To increase charging pump pressure place the adjusting
tool (Hlust. 223) onto the head of the regulating valve
{6) Iust. 199 and carefully turn its spindle clockwise
while the engine is runaing.

If the adjusting tool is not available '“tap’ in the plug {1)
illust. 214 to increase charging pump pressure,

Illust, 214
Cross section of regulating valve
1 — Plug 3 — Piston
2 — Spring 4 — Roll pin

To reduce charging pump pressure remove the regulating
valve and proceed as follows:

Puli out the roli pin (4) llust. 214, using Bosch tool
KBDEP 1027, 1lust, 215,
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Roll pin can be removed using puller tool PLT-356-6.
Force puller end of tool through roll pin untit it com-
presses the spring enough to expand the pulier. Then
tap rolt pin out with the slide hammer.

lust, 215
Removing roll pin (4) Hlust. 214

Remove piston {3) and spring (2) {!lust. 214 and “tap”
the plug (1) outwards, as shown in Hlust. 218,

1Hust. 2186
"Tapping’’ back plug (1) lilust. 214
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NOTE to Timing Gauge: -
Instead of using Robert Bosch Timing Piston Gauge
to adjust charge pump pressure install timing window
adapter PLT-356-1 and timing window PLT-357-5,

Also instal! charge pressure piate adapter PLT-356-2,
snubber PLT-860-6 and a 0-150 psi gauge PL.T-354.

When reinstalling the regulating valve be syre the roll pin
is flush with the valve body.

B} Automatic Timing Device

Install the timing gauge (1) Hlust, 212/213.

Before checking timing device operation be sure that:
a) Engine is at operating temperature

b} Charging pump pressure is within “‘Specifications’.

Run the engine and note the advance piston travel read-
ings at minimum overload engine speed and at full injec-
tion pump advance,

Compare the readings with “Specification” in Service
Manual GSS-1460-3 or 188-1522-3.

To adjust advance piston travel, remove injection pump
from the engine.

Increase the shimming behind thé advance piston spring
to retard timing, decrease shims to advance timing.

Note to A and B: If adjustments as outlined above are
not successful, the injection pump must be repaired,
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Flow Bench Testing

The necessary drive and fitting adapters have been made
available to connect the Robert Bosch EP/VA series in-
jection pumps to the Bacharach test stand.

This manual will not attempt to instruct the servicemen
on operating the test bench. This must be obtained from
the supplier of that equipment,

Prior to Test

Make the necessary connections and run the pump to
purge the air from the lines and pump housing.

Adjust the supply pump on the test bench to furnish
specified pressure.

Test Conditions

Test oil OL 61 v 11 (R. Bosch)
or

Sheli calibration fluid B

40--4560C {104—113°F)

2 kPa (2.8 PS1)

EP 8511/9

EF EP 182

15 MPa {2133 PSi)

Test oil temperature

Supply pressure

Nozzle holder (R. Bosch}

Nozzle {R. Bosch)

Nozzle opening pressure
for checking excess fuel
for starting

Fuel injection pipes

20 MPa (2844 PSI)
6x2x840 mm ({.236x.078x33")

Maximum Fuel Delivery

Maximum fuel delivery must be adjusted on loaded en-
gine. There are two methods of loading the engine.

a) with a dynamometer, measuring horse power,

b} with a hydraulic loading valve, measuring fuel con-
sumption,

We are not observing horse power here, we are on-
ly setting the injection pump to deliver the speci-
fied amount of fuel, which should result in correct
horse power,

While a) generally requires that the engine is-removed
from the machine b) is generally applied when only the
injection pump has heen taken down and the -engine re-
mained "in situ”.

As a) is generally known only. b} is described here,

Warning: Do not attempt to reset the injection pump at
random since overfueling and uncontrolled horsepower
above specified limits are dangsarous,

Before setting the injection pump be sure to check the
following:

Engine and Nozzles
1. Air cleaner restriction
2. Compression
3. Blow-by
4. Nozzle opening pressure )  (nozzle
5, Nozzie leakage } mounted)
6. Delivery valve leakage )
7. Highidle rpm
8. Lubricating oil pressure
9. Fuel temperature

10. Operating temperature
11, Valve clearance
12, Static timing

Injection Pump

13. Supply pressure

14, Charging pump efficiency and pressure
16, Timing advance

Note: Power output adjustment, see )llust, 221.
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[Hust. 217
Fuel rator hook up

Install the fuel rator, F ES 97-1, using the following fittings and hoses: (see Illust. 217)

1 — Fuel return in

2 — Fuel return out

3 — Transfer pump

4 — Fuel supply in

5 — Fuel supply out
Phantom arrow =
warm up

Full arrow = warm up
and test

F ES 97 - 27 connector
FESS7- 7hose

F ES 87 - 28 connector
FES97- 7hose

F ES 97 - 29 adapter

F ES 97 - 6A hose

F ES 97 - 21 connector
FES97- 6hose

F ES 97 - 20 connector

F ES 87 - 21 connector

FESS87- Bhose

CGES-310-1

B = Battery 12V

D = Injection nozzie

EP = Injection pump

F = Fuel filters
*FP = Feed pump

FR = Fuel rator

S = Shut-off valve
“SF = Safety filter (watchdog)
T = Tank fusl
*W = Water trap

MV = Timing gauge 3 144 778 R2

* = if 50 equipped
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For further details on Fuel Rator method refer to pam-
philet “GSS 1393 Measuring Fuel Consumption on Diesel
Engines”.

Testing for Fuel Consumption using the Hydrau-
fic System to Load the Engine.

oo

mEm 63437

Hiust. 218

T — Hydraulic pump

2 — Control valve

3 — Loading valve {restriction control)
4 — Power cylinder {disconnected)

Schematic view of hydraulic loading valve method {can
only be applied with diverter method [Hust. 219 or 220},

For starting and warm-up loading valve {3) 1llust, 218 is
wide open, then put the system on demand with control
valve (2} and adjust engine speed at full throttle by load-
ing the hydraulic system, i.e. gradually closing loading
valve (3),

Consumption of active nozzles (1) lllust, 219 and diver-
ter nozzles (3) is measured in the Fuel Rator.

After warm-up, adjust loading valve to the required rpm
speed and hold test lines (10} illust, 220 (not line (7))
into measuring glass {9) for a specified time controiled
with stop watch (8),

Note: As only three {(two) nozzles are used in this test
either the time factor or the quantity measured must be
multiplied by 2 to obtain actual consumption.

IHlust, 218
Diverter method, using Fuel Rator and
hydrautic loading valve

1 Active nozzles, cyl. 1-3 {cyl 2 and 3 *}
2 — Dead nozzles, cyl. 4-6 {cyl 1 and 4 *}
3 — Diverter nozzles

4 — Return tine to Fuel Rator

5 — Spray screen

6 — Inlet from Fuel Rator

* = On 4-cylinder engines

Load the engine with the loading control valve or dyna-
morneter until engine rpm drops to rated speed,

Check fuel consumption with the Fuel Rator at rated
load speed. Readjust the maximum fuel stop screw
{Mlust. 221) as necessary to obtain specified fuel con-
sumption, keeping rpm at rated speed with the loading
valve. Refer to “Specifications” in Service Manual
(G55-1460-3 or 155-1522-3,

When specified fuel consumption is obtained, check the
fuel consumption at 100 rpm below rated load speed.
The fuel consumption must show a decrease as is stated
in “Specifications”, If this does not occur, check for
improper control plunger spring or replace spring.
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Hiust, 220

Diverter method using measuring glass
and hydraulic loading valve

1 — Active nozzles, cyl 1-3 {cyl 2 and 3 *}
2 — Dead nozzles, cy! 4-6 {cyl 1 and 4 *)
3 — Diverter nozzies

4 — Return line to fuel tank

5 — Spray screen

6 — Injection pump

Increase load on engine until overload is reached. Check
fuel consumption at minimum overload speed. Never ad-
just the fuel stop screw in excess of the specified maxi-
mum in an attempt to rectify poor engine performance.
Apart from excessive fuel consumption the condition of
the engine would deteriorate rapidly due to the additio-
nal load,

Adjusting Power OQutput

To increase power output turn the maximum fuel stop

7 — Leak line from diverter nozzles
8 — Stop watch
9 — Graduated measuring glass

10 — Test lines

¥ = on 4-cylinder engines

screw {llust. 221) counter clockwise, while keeping the
engine test rpm constant with the dynamometer or load-
ing device (3) Hiust, 218,

To reduce power output turn the screw in respectively.

Tighten the lock nut of the stop screw after adjustment
is made.
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o
€ Maximum fuel
stop screw

@W

e N

FESM-3528

IHust, 221
Adjusting maximum fuel delivery, typical
injection pump “"BR" shown,

5 ’ "0LRZ D
icing “'CR”’ | injection Pump’
Servicing “'CR’ Fuel Inj p 3 4 2 o
The following tools are recommended to be made fo- \\ i -
cally for servicing the fuel injection pump. o ] I A S
T T [T e s e e o] ‘
6 \ \
1 —o =i {7 5 4
*LPLE D é % q_“—"i-‘ibw-a-dg-ﬁ
N ——
N « o
\\\\\ﬁ&\\\\\* It ,_
e 4 12 13
- 5o )
IEW X
I1ust. 223
Hiust. 22.2 Charging pump pressure setting tool
Container for storing charging pump rotor assy Material: Steel
Material: Hard wood or alu t—70mm = 276 " 7— 3bmm= 14"
2~12mm = 5B0Q " B—-20 mm= 79"
1— 42 mm = 1.654" Dia 3~ Smm= .197"Digand 9— 10 mm = 305"
Z2—11mm= .42" 6mm = 24 "long 10—-30 mm= 1.18 "
3—15mm-= 589 " 4 — 5/8' wrench 11—21 mm= .83 "Dia
4_-18mm = .71 " Dia 5 — 3/8" thread 12— 105 mm = 413"
5— 50 mm = 2" Dia 86— 2mm = 08" 13~ 15 mm = 58 "
CGES-310-1
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30
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7 lust, 226
Alignment tool, hydraulic head
Mlust, 224 Material: Mild Steel
Container for storing rotler retainer assembly, .
Material: Hard wood or plastic. T—760mm = 3
2—11.0mm = 43"
t—74mm = 3 " Dia 5—18mm= 71" 12.90 mm 508" )
2-26mm=1 “Dia 6—30mm = 1.18 * Dia 3~ 1550 mm = —55+ Dia
3~ 20mm = 80 " 7— 68mm = 268 " Dia _ ’ .,
4— 2mm = 08" 4— 05mm= .02
5-15.0mm = .59 Dia
175 mm _ 689" .
6= 77 m = e D
] — ap®
3
<
©
R }
tHust, 225

Protection sheet, used for snap ring removal

(two required)

Material: Alu, 1 mm {,.04’") thick

1-- 508mm =
2—254mm =
R— 86mm =

2!1
1'1
34"
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A — Bushing
1— 18.1 mm
2-—17.5mm
3 220 mm
4 — 20.0 mm
5 «— 60.0 mm

o onounn

713" Dia
.689" Dia
.86 " Dia
g9
236 "

5 £z
2°30°

! 1 1 1
12 3
) é

: .

4 Py A P
e —
iflust. 227

Drive shaft snap ring installing tool

Material; Steel

B — Bushing

1—220mm = .86 " Dia

2— 170 mm = 673" Dia

3—-180mm = 71 "Dia

4~ 30mm= .12°

5—280mm = 1,10 “
CGES-310-1
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C — Cone
1—18.0mm
2— 168 mm
3 - 15.0mm
4— 8.0mm
5~ 440 mm

oo no

71 " Dia
.665" Dia
.58 " Dia
320
173 "

T




A — Plate

Material: Steal
1— 55,0 mm
2— 34.0mm
3~ 26,0mm
4 — 10.5 mm
5—-17.5mm
6 — 2x 450
7— 2.0mm
B-— 50mm

| L3 I I L | R (I | S

e L) i

dEI_N_M_.

a 20° e | .
]
6 -
e—2 %
/ L
3 :
- 1
a7
5
M10
( 35" UNF)

1
2= M10
- ¢35 "UnF )
I N [ !
3 4 if:;'}__'_?“' SI R 18 \
| e
e ) eopi——es T —n

2.15 "
1.34 "
10 "
4137
.69
.08 "' x 459
.08 "
20 7

ITlust, 228

Eccentric race removing tool

B — Bolt
Material: Steel

1w 20 mm =
2— 20mm =
3— 25mm =
4 — 100 mm =
5—60.0mm =
6— 17.0mm =

CGES-310-1
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Material: Hardwood or Alu.

C — Handle
1 — 165.0 mm
2— 430mm
3— B65.2mm
4— 298.9mm
5— 30.0mm
§— 150mm
7— BO.Omm

2| | N | A | O | I H

o
423

1.

e

2.567"
1.177"

12

M
oo

"

N
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1Must, 229
Telescopic tool for determining control plunger
spring shim thickness
Material: Steel

LH RH
1—195mm= 777" 11— 200mm = 79 “
. 2w 74mm = 292" Dia
800mm _ 316 . ' e
2_ 801 mm = ‘3154u Dla 3 - 6.5 mm = .256 Dla
. 8.01 mm 3164 .
3~ 94mm = .37 "Dia 4 — = -+ Dia
4 100mm = 394" Dis 803mm 3162
H5— 40mm = 1§ " 5— 30mm = 118"
6~ 0bmm= 02"
Removal and Disassembly of VA Pump Remove rectangular cover plate from the crankcase front
cover,

Thoroughiy clean the left side of the engine to prevent

dirt from entering the pump. Cap or plug all lines and Remove nut (1) lllust. 230 and hub capscrews {3},
ports as they are opened,

Remove the injection pipes. Disconnect all lines from
the pump, See Ilust, 198,

ust. 231
Pulling hub from drive shaft

Remove gear with hub from the shaft, Hiust. 231.

. i o o Note: Turn engine if necessary to place keyway in "up
Hlust. 230 st '

) position’’ {eleven o'clock} to prevent the Woodruff-key

1 — Drive shaft nut from dropping into the ail pan, when the hub is removed.,

2 — Hub

Remove injection pump retainer nuts, using a special
3 — Hub cap screws {three) J pump g P

wrench extension for loosening the inner nut, see
Ilust. 436,
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NOTE: When removing the injection pump be sure
mating gears {pump drive gear — idler gear} are not
disengaged to maintain the original timing.

Take off injection pump after cleaning externally.

To disassemble the pump proceed as follows:

Hust. 232
Injection pump mounted in holding fixture

1 — Chisel marks
2 — Effective length of stop screw
3 — Shut-off plunger

Mount the pump in F ES 111-1 holding fixture. Clamp
the fixture in a vise. Before removing the throttie lever
and control plunger lever, mark the levers,

Before loosening the lock nuts of the lever stop screws,
note the effective length of all stop screws and of the
shut-off plunger, this will facilitate reassembly, see |llust.
232,

illust, 233
Throttle and control plunger lever removed

111

Unhook the torsion springs from both levers,

Remove the nut on both levers using 3 10 mm wrench.
Draw off the levers. Do not loose the washer located
under the control plunger lever, See lllust. 233. Remove
the stop plate,

filust. 234

1 — Throttle shaft assembly
2 — Control plunger shaft assembly

Remove assemblies (1) and {2} lllus:, 234,

Disassemble the throttle and control plunger shatt as-
semblies as shown in Hlusts, 235 and 238.

“NgESD

Hiust, 235
Components of control plunger shaft assembly
1 — Bushing
2 — Shaft
3 - O-rings
4 — Washer
5 — Selected shim
6 — Spring

CGES-310-1
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liust. 236 Hlust, 238
Components of throttle shaft assembly 1 — Control plunger
. 2 — Screws
1 — Q-rings 3 — End plug
2 — Washer 4 — Delivery valves
3 — Spring
g: gzzliting Remove control plunger {1) Illust. 238, delivery valves
{4} end plug (3} and screws (2) in this sequence.

o
w ‘ B

N 4 _\ ;
A‘é e
Nust, 237 Hust. 239
1 — Throttle
2 — Spacer Remove the distributor head with a slight twisting mo-

tion, See {lust, 239,

Do not drop the plunger, The plunger may remain in the
distributor head or it may remain within the pump hous-

Remove throttle (1) (Hust. 237, Do not loose tha ground
ing. Remove the shim located under the plunger foot.

spacer {2) agit is mated to the distributor head.

CGES 3161
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[Htust. 240
Plunger assembly
1 — Shim
2 - Plunger

3 — Trufftrided shims

4 — Grooved washer

5 — Spring seat

6 - Plunger return spring
7 - Distributor head

Note: Shim {1} Hlust, 240 is used to correct plunger lift
to port closure, It is available in different thicknesses.
Numbers and thickness of shims (3} may also differ,
they are used to correct plunger return spring preload.
Do not lose shims.

{ust, 241
1 — Screen
2 - Screen spring
3 - Q-ring

Remove the screen (1}, screen spring {2) and O-ring (3),
Hlust. 241,

ilust. 242

1 - Face cam

Remove face cam (1) 1lfust. 247,

2

Intde nin

e

o,

Remove the timing Bois i ves ang el oo e it

243,

" R R
g

Hiusg 7
Remove advarncs nsts ool

itlust, 244,
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Do not lose shim{s} which may be located in the end cap.

IHust, 248
Ilust. 245 Removing roller retainer assembly
Remove fuel return valve, |llust. 246, To remove the roller retainer, push the advance piston

pin into the pump using a suitable punch, [llust, 248.

Lift the roller retainer out of the pump housing.

Nust, 246

Remove clamp from advance piston pin, {llust, 246,

Hust, 249
Roller retainer assembly removed

1 — Advance piston pin
2 — Milled area
3 — Dished washer

Remove advance piston pin, 1ilust. 249,

Note: The rollers, bushings and pins are a selactive fit
and must be kept with their respective parts and in the
same location on the retainer,

Carefully store the roller retainer assembly so as not to
dislocate any of the parts of the assembly,

Hust, 247
Remove retainer pin and flexible coupling, [llust. 247, for this purpose.

A home made container {Illust, 224} is recommended

CGES-310-1
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Uigst, 260

Remove advance piston, [lust. 250,

IHust. 251
Remove charge pressure regulating valve, 1llust. 251.

Must, 252
Remaving drive shaft assainbly

Remove the two cross-recess retainer screws in the sup-
port ring,

CGES-310-1
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Position the pump in a vise as shown in Iflust, 252,

Hold handle "'C"" of tool {lliust. 228) against the retai-
ner ring to prevent dropping and slightly tap the fixtu-
re to facilitate drive shaft removal.

If the ecceniric race {6) Illust. 254 sticks in the pump
housing, proceed as follows:

— — N 3
" b ! !
2 ]
‘EI i .
[ 3
roo 2
II at 0
-
|l I
] |l
Lo
II ||
- ;'L:.I’]i J
11 |
! ii
I —
-k

[Must. 253
Use of the eccentric race removing tool
1 - Eccentric race 3 — Plate
2 — Bolt 4 — Handle

Uise the home-made too! {illust. 228) and clamp the ec-
centric race as shown in lllust, 253,

Move the handle of the tool to and fro to free the eccen-
tric race,

Just as the race comes loose, back it out together with
the tool.

Carefully remove all metal chips, which may be caused
in removal.
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Hitst #na

P shglt asserably ceoe

b Lirie shaty

2 Loraing! Ulust Ao
3 - Charging Lnv st
4 Supnort ity

b Buentii racd
5
7

-

Rat@inet seima s
- Sndp ving

Use protection shest {IHust. 22b} wher removitg the
snap ring (7} 1Hust, 254 from the drive shaft,

Place the container (2] ouer the charging pump 1otor as
sembly, 1o prevent vanes trom fatfing out.

tHlust. 265
Removing rotor and support ring

invert the drive shaft and slide the rotor from the drive
shaft, See | ljust. 255,

Remove Woodruff key and support ring with grooved
thrust washer,

Cleaning, inspection and Repair

Note: All parts of the injection pump should be
thoroughly cleaned in clean Dieset fuel. All ports and
drilled passages must! be open and clean to assure proper
operation of the pump,

Inspect each component of the injection pump for wear;
crauk s and other damage.

Replace worn or darnaged parts with new ones.

Note: Replace the distributor head with a new one if the
engine tends to surge at low idle or if low idle speed can-
not be properly adjusted.

The fatlowing components must be replaced as a set.

a)  Distibutor head with injection plunger, throttle
and control plunger.

b} Pump housing with advance piston.
c) Roller retainer ring with rollers and pins.

d) Charging pump rotor with vanes and eccentric race.
Reassembly

Beplace all O-rings, gaskets and drive shaft seal. immerse
gach component (also O-rings and gaskets) in clean Die-
sel fuel before reassembly.

Observe strict cleanliness.

Itlust, 256
Drive shaft and rotor assembly

1 — Drive shaft

2 — Grooved washer
3 - Support ring

4 — Rotor assembly
5 — Snap ring

6 — Woodruff key

CGES-310-1
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Place washer {2) Hllust. 256 on the drive shaft. Place the
support ring {3} on the drive shaft, so that its smooth
side wilt contact the rotor.

Insert the Woodruff key {6}. Stide the rotor assembly (4)
in place with the recess in its bore facing the threaded
shaft end. Take off the container used for storing the ro-
tor assambly, Secure the rotor with snap ring (8}, using
the snap ring installing tool, lHust, 226,

2

Hiust. 267
Drive shaft and charging pump assembly

1 — Retainer screw holes
2 — Fuel passage

The screw holes (1) differ in their relation to the inner
diameter of the eccentric race. See arrow Hlust, 257.

Place the eccentric race over the rotor in such a way that
the screw hole with the greater distance to the inner dia-
meter is on the right-hand side and the fuel passage (2) is
on top, see fllust. 257.

Align the holes of the support ring and eccentric race,

Invert the pump housing as shown in llust, 258. Care-
fully insert the drive shaft assembly using the handle {4}
Hlust. 283 to facilitate installation,

Holde the drive shaft assembly in paosition and turn the
pump open side up,

Before installing the retainer screws make sure that all
holes.of the support ring are in line with the holes of the
eccentric race and the fuel passage (2) tlust, 257 is on
1op of the pump housing.

Install the retainer screws and torque them alternately
and evenly to0 57.6 kpem (50 Ibs.in.).
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INust, 258
instalting drive shaft assembly

Ithust, 259

1 — Advance piston pin
2 — Milled area
3 ~ Dished washer

Push the advance piston pin {1) Hiust. 259 in its bores in
the retainer ring, Be sure its milled area (2) goes to the
center of the ring and is facing up.

Note: In case the roller pins have been dropped during
disassembly and rollers have been mixed up, check to see
the protrusion of each roller is equai.

A deviation in roller protrusion up to0 0.020 mm {.0008'")
is permissible,
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When installing rollers do not overlook: dished washers
{3). Make sure the dished-out side of the washer goes to
the retainer ring.

Q)

[lfust, 260
tnstalling roller retainer ring assembly

Carefully install the roller retainer ring assembly into the
pump housing. The advance piston pin goss to the top of
the pump housing. Position drive shaft tangs as shown in
Hiust. 260,

Iust, 261
Advarice piston

1 — Nozzle bore
2 — Piston recess (power side)

A calibrated nozzle bore is provided on the power side
of the advance piston. See {1) and (2) llfust, 261.

When installing the advance piston be sure its power side
goes 1o the timing hole side of the pump housing, Also,
the smallest of the central cross-bores goes to the top of
the pump housing,

Before pushing the piston in its bore install the pi bush-
ing with some petroleum jelly.

ITfust. 262
Installing advance piston pin

Center the bushing in the advance piston using a slightly
tapered pin, See lHust, 262, Push the pin into the bush-
ing and secure the pin as shown in Hiust. 263 and 264.

IMust. 263
Instailing retainer pin

Install the retainer pin. install the flexible coupling,
[Hust. 263 and retainer pin clamp, Hust. 264,
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Install shims, if any, in the end cap and place the end
cap over the spring, See [Hust. 2686,

MNust, 264
Installing clamp
Move the advance piston full stroxe a few times to make ' =
sure there is no binding. [flust. 267
, . i imi inter
Install the cover on the power side of the advance piston. Installing timing po

Position the pointer half-way in its adjusting slot, cuta-
way section up. See llfust. 267,

INust, 265
Installing fuel return valve

Hlust, 268
tnstalling face cam

1 — Face cam
2 — Index pin

Align the plunger index pin in the face cam with the

Must. 266 keyway in the drive shaft and install the face cam. See
Installing advance piston spring 1Hust. 268,
CGES-310-1
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Hiust, 269
Instaliing plunger
1 — Shim
2 — Plunger
3 - O-ring

instal! shim {1) Illust. 268) as found in disassembly in
the face cam. Install the plunger (2} indexing the slot in
the plunger foot with the index pin in the face cam.
Place O-ring {3) in the recess of the pump housing.

Note: Do not install the. plunger return spring, spring
seat, shims, grooved washer, and screen yet,’

Aligning the Distributor Head

IHust, 270

1 — Control plunger bushing
2 — Alignment toot

Install the distributor head with O-ring, lllust. 270, To
position the distributor head, a home-made tocl {lllust.
227} should be used,

Proceed as follows:

Tighten the distributor head retainer screws and back
out each screw half a turn,

Siide the alignment tool in the control plunger bushing
and insert the latter in its bore as shown in lHlust, 270,

Slightly press the tool against the distributor head, while
turning the head to and fro,

Alignment is felt by an even contact of the alignment
tool,

Retighten the retainer screws and remove the alignment
tool.

Hiust, 271

1 — Throttle with ground spacer
2 — Control plunger

Install the throttle with ground spacer.

Install the control plunger, |Hust. 271.

Determining Comtrol Plunger Shim Thicknes:

Ta measure the distance from the spring seat on the in-
stalled contro! plunger to the bottom of the spring
pocket in the plunger shaft use the home-made telesco-

pic tool, fllust. 229,

Proceed as follows:
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llust, 272

1 — Telescopic tool
2 — Control plunger shaft assembiy
3 — Control plunger

Adjust the initial length of telescopic tool to 27.00 mm
{1.07""} and insert it into the spring pocket of the plun-
ger shaft, Hiust. 272,

Be sure, no shim is in the spring pockat.

Hlust, 273

1 — Control plunger bushing
2 — Comtrel plunger shaft

Install control plunger shaft assembly without O-rings,
llust. 273, Depress bushing {1} only as illustrated (see
arrow} until its flange is contacting the pump housing,
compressing telescopic tool,
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Hiust, 274

Remave the control plunger shaft assembly and carefully
measure the tool length as shown in liust. 274.

Example:

Measured toof length 26,00 mm (1.024"}
Pre-load length of control
plunger spring as given in
“Flow Bench Test Speci-
fications"

Thickness of shim, required

24.65 mm [ 970"}
1.35 mm { .083")

MNote: Shim thickness must be determined whenever
pump housing, distributor head or control plunger shaft
assembly are replaced with new parts,

illust, 275
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Install the control plunger shaft with spring, selected
shim, washer and new O-rings, |flust. 275,

Be sure the pin on the shaft engages the slot on the con-
trol plunger, This can be observed by looking through
the throttle bore.

iHust, 276

1 — Throttle shaft assembly
2 — Control plunger shaft assembly

install the throttle shaft assembly with spring and new
O-ring. Do not overlock the washer, located between
shaft and bushing, |llust. 276.

Be sure the pin on the shaft engages the notch on the
throttle foot.

Note: The mark on the ends of the throttle and control
plungsr shaft are indexed with the shaft pin.

Position the throttle mark between 10 and 11 o'clock.

Position the contred plungar miark at 6 to 7 o'clock.

Install the stop plate, so that the throttle and plunger
shaft assernblies will be Kebt in place,

1Hust, 277

1 — Plunger end plug
2 — Vent screw

3 — Holder

4 — Spring

5 —~ Delivery valve

Install delivery valves, lllust. 277, Do not install end plug
{1} yet,

Checking Plunger Lift to Port Closure

To check plunger ift to port closure position the throttle
and contro! plunger shafts as mentioned above,

FES 1114

Hiust, 278
Checking plunger 1ift 16 port closure
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Note: 1llust. 278 shows the displaced “BR" injection
pump. When checking the “CR'* maodel, instal] the F ES
111-6 fitting with banjo bolt and gaskets in the fuel in-
let port of the pump.

Connect F ES 72-3 hose and F ES 71 A hand pump. Po-
sition F ES 67 dial indicator to read plunger travel. See
NMust, 278,

Install the drive shaft nut. Zero the dial indicator,

Apply pressure with the hand pump. Fuel will flow out
the distributor head plunger bore. Slowly turn the drive
shaft clockwise {viewed from the drive end) untit the
flow stops. Check and record the reading. Recheck the
reading by slowly turning the drive shaft counterclock-
wise, Flow must start again within 0.025 mm (.001") of
the figure recorded. If the fuel cut-off is not abrupt the
plunger is probably worn and hard starting may result,

The figure recorded in the above step is the plunger |ift
to port closure, The specified reading must be as listed in
Specifications, 1f the figure recarded was more than spe-
cified, place a thicker shim under the plunger foot. If the
figure recorded was less than specified, place a thinner
shim under the plunger foot,

Note: In case the actual shim thickness required lies bet-
ween two available shims of the assortmant, use the
thicker shim to correct ptunger lift to port closure.

The thickness of the shim located between plunger foot
and face cam will also determine plunger return spring
tension,

To maintain proper spring tension, the local thickness of
the shim pack located under the spring seat must be de-
creased by the same amount as the thickness of the
single shim under the plunger foot has been increased
and vice versa,

Checking and Shimming Pumps with “Q"" Pre—
Stroke

MNote: The fuel leakage test does not apply to this pump.

The “O” Pre--Stroke pumps have a different setting for
each pump within pump models, The setting for each
pump is marked on the pump. See (2} lliust, 278b.

Stamped an the pump head is the “0O" Pre—Stroke code.
This marking on the pump head is generally a four digit
number, example: 23.52, If gnly a three digit number is
shown, example: 352 place a nurmber two (2) ahead of
the number 23.52 and place a decimal in the second pla-
ce. This figure is the mm depth from counterbore in the
head to the top of the plunger at bottom dead center re-
ference A" or 23.52 mm.
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Hlust. 2783

A - Pre-Stroke dimension
B — Top face to plunger depth
C -- Counterbore depth

{lhust. 278b

1 - Depth micrometer
2 -— Pre—Stroke code

Using a depth micrometer, establish the depth from top
face of pump to plunger reference “'B" and depth of
counterbore reference ""C”. The difference between
these dimensions is the counterbore to plunger meastre-
ment reference A", IHlust. 278a.
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Select the proper shim to bring measured dimension to
specified dimension.

iHust, 279
1 -- Distributor plunger
2 - Screen
3 — O-ring

After plunger lift to port closure is checked proceed as
follows:

Remove the throttle and control plunger shaft assem-
blies and the distributor head,

Place the selected shim in the face cam. Place the selec-
ted shim pack, grooved washer, spring seat and return
spring on the plunger in this order,

Install the plunger indexing the siot in the plunger foot
with the index pin in the face cam.

instali the screen (2) with spring, Screen holes must be
on top side,

Place O-ring (3} into its counterbore as shown, [llust,
279,

Carefully insert the distributor head into the pump hous-
ing and align the head. See llus, 270.

Torque head retainer screws to 121 kpem {105 Ibs.in},

Install the throttle ard control piunger, throttle and con-
trol plunger shaft assernblies and the stop plate.

instsll the throttle and control plunger levers, observ-
ing the marks, made before removal. {1llust, 232.)

Recheck plunger lift to port ciosure and adjust the tim-
ing pointer,

Setting the Timing Pointer

With the plunger lift to port closure correct, turn the
drive shaft until the plunger travels {lifts) 1.00 mm
(.039""). At this point, align the pointer on the roller
retainer with the scribe line on the face cam and lock
screw, The keyway in the drive shaft must be up when
setting the pointer.

Adjusting the Injection Pump

Set the injection pump 1o test bench specifications
whenever possible,

in an emergency, adjust the repaired injection pump by
using a dynamometer or using the fuel rator method,

Instailing the Injection Pump

Refer 1o “Tuning—Up".
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FUEL INJECTIONPUMPVE ... F ...

General

The fuel injection pump VE ... F ... isa develop-
ment based on the field proven EP/VA series of rotary
type pumps.

The new design incorporates a centrifugal variable speed
governor acting on a metering sleeve via an assembly of
control levers, as opposed to the hydraulic governing
principle used with the previous EP/VA series.

i E 4 /9 2200

L
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The following variations are available to meet require-
ments in different applications;

al  Aneroid {turbocharged engines only}
b} Solenoid (electric shut down}
€} Auxiliary springs for metering control

Designation Cade
The name plate on the pump housing shows the pump

mode! in code form and indicates pump characteristics
as shown in the example below:

12
T——Variation Na.

Lesignating certain features in the pump

Direction of rotation, R — right } as viewed
L —teft ) from drive
end

Max. rated speed

Centrifugal governor

Plunger dia in mm

No. of cylinders or pressure outlats

Size of pump

This section covers the fuel injection system especially
basic design features and operating principle of pump
and governor.

Rotary pump

Disassembly and repair should only be attempted if

skilled personnel and the necessary equipment are avai-
lable.

For removal and instaflation of the injection pump refer
to following.
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Removal of VE Injection Pump DT-402/DT-358

Thoroughly clean the left side of the engine to prevent
dirt from -entering the pump. Cap or pluy alf lines and
ports as they are opened. Remove the injection pipes.
Disconnect lines and linkage f:om the pump.

Hlust, 280

1 — Drive shaft nut
2 — Hub
3 — Hub cap screw {three)

Remove rectangular cover plate from the crankcase front
cover.

Remove nut (1) lllust, 280 and hub capserews {3},

Must. 281
Pulling hub from drive shaft

Turn engine if necessarv to place keyway in “up posi-
tion.” (This is to prevent the woodruff key from
dropping into the oil pan when the hub is removed),

NOTE: When removing the injection pump be sure
mating gears {pump drive gear — idler gear} are not dis-
engaged to maintain the original timing.

Note: Current VE fuel injection pumps have redesigned
pump housings or redesigned water channel allowing use
of normal socket extension for loosening and tightening
inner flange nut. (See llust. 436).

Forearly type units remove injection pump retainer nuts,
using a special ring-wrench for loosening the inner nut,
see |Husts. 282 and 263,

Note: Take care to mark the position of the pump on
pump flange and front cover to facilitate reassembly.

L7 %:\

iflust, 282
Removal or instatlation of pump

1 — Washer and nut
2 — Special ring-wrench

“TYEE-2

ilust. 283
Special ring-wrench {clearance 1/2")

Installing and Timing VE Injection Pump

1. Position the engine on the compression stroke num-
ber one eylinder (Intake and exhaust valves are
closed},

2. Turn the crankshaft in direction of rotation until
the timing pointer (1) is in {ine with the specified
timing mark {2} on the graduation, lllust. 284.
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Apply liguid sealer to both sides of new gasket {2} Illust.
286.

Place woodruff key into keyway of injection pump drive
shaft,

Turn keyway in eleven o'clock position {in line with
delivery valve outlet “A"™).

On engines with water pump carrier {2} Hlust. 287 tighten
the injection pump in a perpendicular position, On
DT-402 engines with water channel (1) take care to tilt
the injection pump toward the engine ali the way within
the play of the flange siots (2} MNlust, 288 before tighten-
ing. Be sure washers (1} lllust. 282 are in place and
tighten stud nuts in steps to 24 Nem {18 Ibf-ft).

llust. 284

1 - Pointer

2 — Graduation on the front pulley '06?5'V9 s
For static degrees of the respective engine, see timing (
chart,

Read the graduation on the front pulley as outlined in
IHust. 285,

DCHl  [wof | ] [2)o] [
‘ % ! R

. : |
| {
] ! ! . 3
3 | ! o L
1 2 3 ey

Niyst. 287
fflust. 285
One graduation mark - 2°
1—-TDC mark
2—-10°BTDC
3-20°BTDC

Remove cover plate of the injection pump {ifust, 294,

. Hltust. 288
Hiust, 286 {DT-402 with {1} Hlust. 287
1 — Engine front plate T — Stud 3 — Engine
2 — Gasket 2 — Slot 4 — Injection pump
CGES-3101
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YLUSD == 1

ust. 289

1 — Injection pump drive gear
2 — Timing marks

Make sure the timing mark {2} of idier gear aligns with
the specified figure on the drive gear {1} Ilust. 289 as
outlined in the timing chart for injection pump drive
gears. {Page 127 or 180}

NOTE: Since the idler gear is a walking gear, proper
timing alignment {2} lllust. 289 will not always be noted.

If the engine is on number one compression at the speci-
fied static timing and the injection pump is installed
with the timing pointer at the scribed line on the face
cam, the pump will be “timed".

' However, if the complete timing gear train has been re-
moved, the timing of the gear train must be reset as
shown in llust, 431,

1
Hlust, 290

1 —Hub
2 — Hub retainer bolts with washers
3 — Keyway {in 11 o’clock position}

Install hub (1) Hiust, 280, use quality bolts (six lines
Hiust, 291 and steel washers,

Tighten bolts {2} Yltust, 280 stightly.

‘EEEG - VO

lust. 291

Install lock washer and nut {2) lllust, 292, Block the
engine and torque nut (2) to 93 Nem {69 Ibf-ft.) Loosen
bolts _(3) Hlust. 292,

2 1
illust, 292

1 — Hub —
2 — Hub retainer nut with fock washer
3 — Bolts, hub to gear, see 1llust, 291

{hust, 293
Adjusting the injection pump

Tum the injection pump drive shaft unti! the pointer on
the roller ring is in line with the scribe mark on the face
cam |Hust. 294,

At this point, tighten retainer bolts in steps to 27 Nemn
(20 1bf-ft),

Finally make sure that both timing points;

a) on the front pulley lllust. 284
and

b) on the roller ring Hlust. 294 are in line with their
respective marks as specified in timing chart.
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Timing Chart
Application Engine Marked tooth on pump gear Static timing deg, BTDC
650 HD (39924) Hydr. Excavator DT-402 16
953 HS Combine DT-402 5 16
953 GD Combine bT-402 16
1458 Whee! Tractor DT-402 14
6530 A Series Il Payloader DT-402 8 16
1255 Wheel Tractor DT-358 b 10

IMlust. 294

1 — Pointer on roller ring
2 — Sceribe line on face cam

NOTE: If the injection pump drive gear timing number
is not known, the following procedure applies:

Bar engine to position number one piston on compres-
sion at the specified static timing, Install injection pump
with the pump timing pointer in lina with the scribed
line on the face cam [lust, 284, The pump will now be
timed.

Checking VE Injection Pump Timing with Dial
indicator

Before checking injection pump timing the engine must
be in static timing position (deg. BTDC).

1. Using a suitable fitting rest the stylus of the dial
indicator on the face of the distributor plunger.
Pre-load 1.0 — 2.0 mm (.04 to".08"}, Nlust. 285.

2. Slightly turn the crankshaft to and fro to find the
bottom dead center for the distr-butor plunger.

3. With the distributor glunger in BDC zero the dial
indicator,

4. Turn the crankshaft in direction of rotation until
the pointer (3} lllust, 295 is in line with the speci-
fied static timing mark on the front pulley.

ust. 295

1 — Graduation marks, pulley

2 — Pointer on engine front cover
3 — Pointer on roller ring

4 — Seribe line on face cam

5 — Fitting, dial indicator

6 — Dial indicator

5. In this position the dial indicator reading should be
1.0 mm (.0394”) and the pointer {2} lilust 295
should be in line with the scribe mark on the face
cam,

Note: If prestroke travel of the distributor plunger
1.00 mm (,0394") is correct, the pointer {2} may be re-
adjusted as necessary.

Note to paragraph 4, prevent reading errors!

a) Be sure your eye is in line with timing pointer (2}
and graduation mark on pulley (1} in a vertical
position.

b) Be sure your eye is in line with timing pointer (3)
and scribe line on face cam {4} in a horizontal
position.
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FUEL INJECTIONPUMPVE ... F ...

23 28 22 29 19 i8

VSBEg-g9

21
24
3
&
5
6 7 8 9 10 11 12
illust, 296
Legend to Hiust. 296 and 297
1 - Feed pump 16 — Tensioning lever {speed control)
2 — Fuel tank 17 — Full load adjusting screw
3 — Charging pump 18 — Torgue control lever
4 — Governor drive gear 19 — Fuel return valve
5 — Roller retainer assembly 20 -~ Shut-off lever
6 ~ Face cam 21 — Governor sleeve
7 — Advance piston 22 — Governor spring
8 — Return spring 23 — Throttle lever
9 — Metering sleeve 24 — Governor
10 — Plunger 25 — Charging pressure valve
11 — Delivery valve 26 — Not used
12 — Delivery valve holder 27 — Fuel filter
13 — Injection nozzle 28 — Makx. speed stop screw
14 — Stop, tensioning lever 29 — Low idle stop screw
15 — Starting lever
CGES-316-1
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m Supply to feed pump h1  max. fuel for starting
m Feed pump pressure M1 Fuicrum for 18

227337 Charging pump pressure M2 Piwot for 15and 16

Injection pressure M2  fixed in 18

Return fuel to tank

ltust, 297
Pringiple of Operation The accessory units, such as the centrifugal governor,
charging pump, and automatic timing device are located
The Robert Bosch model VE ... F . fugl injection inside the pressurized fuel filled housing.
pump is a single plunger, rotary distributor type pump
incorporating a centrifugal spill port governor. The main component parts of the pumg are:
A single plunger (10) actuated by a face cam {18)
pressurizes the fuel while rotation of the plunger distri-
butes it to supply the delivery valves (11) and nozzles 1. Charging pump (3), charging pump pressture re-
(33} gulating valve (25}, end fuel return valve {19).
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3~
4 —
5 —
6 —
7 -
g —
10
12 —
15 —
16 —
17 —
18—
19 —
20 -
21 —

FUEL INJECTIONPUMP VE ... F ..

Automatic timing device (7) consisting of a spring- 3. Centrifugal governor (24) consisting of four fly-
loaded piston, roller retainer (b}, and connecting weights, sliding sleeve {21}, control lever assembly
pin. {15, 16, 18), and melering sleeve (9).
38 22 23 2928 2007777319 18
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ust. 298
Charging pumyp 22 —
Gavernor drive gear 23 —
Rotler retainer assembly 28 —
Face cam 29 —
Advance piston 30 -
Metering sleeve 31 -
Pumping plungsar GV

Delivery valve holder

Starting lever

Tensioning lever {speed control)
Fuli load adjusting screw
Torque control lever

Fuel return valve

Shut-off lever

Governor sleeve

Governor spring
Throttle lever

Max. speed stop screw
Low idle stop screw
Retainer

Idle spring

Starting spring

33 — Pump housing

34 -

Drive ghaft

35 - Thrust washer
36 -- Governor shaft
37 — Governor cage
38 — Fiyweights

39 — Spill port
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FUEL INJECTION PUMP VE ... F ...

LDa

e
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Hiust, 289 —
Hust, 301
Low idle position
Shut-off position
a - ldle governor range {no fuel displacement)

h2Z — min. effective plunger stroks
Special Equipment:
LDA = Aneroid-(turbocharged engines)
ELAB = Electric shut-off (Sofenoid)

Note: Other equipment may be used, depending on
engine application,

wwsgisve (|1 Refer to filust, 298:
Charging Pump

The vane type charging pump (3} having four steg| vanes,
is built around the drive shaft. The capacity of the charg-
ing pump is greater than the requirements of the engina.
The excess fuel is used to cool and lubricate the pump
and is recirculated to the fuel tank. Charging pump pres-
sure is controiled by a pressure regulating valve. Pump
output is exposed to the automatic timing device (7} and
to the pump housing. Charging pump pressure will vary
with the speed of the engine.

Automatic Timing Device

Hltust, 300 Autamatic timing advance is accomplished by the rota-
tion of the cam roller retainer, Charging pump fuel pres-
sure is exposed to one end of the spring loaded advance

Full load position piston {7). As the pressure increases, due 10 an increase
in pump speed, the piston moves over Against the pressu-
b — Tension range of governor spring re of the advance spring. This rotates the roller rewiner
h3 — Effective piunger stroke {B) in the advance direction.
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Centrifugal Governor

The governor cage assy (37) rotates on a stationary shaft
{36), driven by gear (4) at engine speed.

With increasing speed centrifugal force, acting on rear
ends of flyweights (38) results in an outward movement
pushing governor sleeve (21) against lever assembly {15
and 16}. As levers {15 and 16} pivot rearward, metering
sleeve (9) is moved farward, resulting in an earlier spill
port action (39), dacreasing engine speed. Governor
spring {22) resists movement of governor sleeve (21) de-
pending on the throttle setting (23), resulting in a ba-
lance between spring force and centrifugal force of go-
vernor for a stable engine speed.

As the engine is loaded rpm speed tends to decrease re-
suiting in less centrifugal force at the governor. Spring
(22) pulils lever assembly (15—16) torward, while meter-
ing sleeve slides back to delay spill port acticn for an in-
cresse in engine speed until again a balance is achieved
between spring (22) and governor.

Negative Torque Control
On some applicaticons, this device, consisting of an addi-

tional lever and spring is fitted on the starting lever (15),
see also Illust. 313,

The purpose of this device is to control lug or torque
rise and to reduce smecke by cutting back excessive fuel
delivery in the low rpm range.

BPM speed ssttings and adjustment of torque characte-
ristics are independent of each other see {17, 28 and 29),

Starting lever (15} is provided with a weak leaf type
sping to move metering sleeve (9) rearward for maxi-
mum starting fuel when the engine is stopped, see also
h1 IHlust. 297,

As the engine is started and picks up speed this spring
is depressed by the governor, automatically cutting out
maximum starting fuei.

Shut-off Position

Shut-off is accomplished with lever (20) lllust. 298
which overrides governor spring (22} to move metering
sleeve (9} forward, opening spill port all the way.

On some applications an electric shut-off’is used. A sole-
noid valve controls fuel supply to the high pressure cir-
cuit. When cutting the current this valve closes the supp-
ly passage to stop the engine.

24 27 28 29

26 8 92 1011 12 13
Aneroid S b

g |
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7— S
[ — 3
5 - ,
4 -
3 e

A,

T ]

25 24 23 22 21 20 19
1 — Packing ring
2 - Plug
3 — Nut, spring tension adjustment
4 — Spring
5 — Diaphragm

14
«--15
16
7
18
Iltust. 302
6 — Washer 18 — Control rod
7 — Cover 19 — Ring, seal
8 ~ Adjusting screw 20 - Fitot union
9 — O-ring 21 — Q-ring
10 — Washer 22 — Washer tension
1t — Lock nut 23 — Actuating pin
12 — Jam nut 24 — Belicrank
13 - Lock washer 25 — Housing

14 — Spacer

15 — Hollow screw
16 — Jam nut

17 - Pilot sleeve

26 — Boost pressure inket
27 — Pivot pin for (24)
28 — Packing ring

29 — Screw

CGES-310-1
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Refer to Hiust. 302:

Some injection pumps used on turbocharged engines are
equipped with an "Aneroid’” which acts as a pneumatic
regutating device in relation to the boost pressure.

The purpose of the aneroid is to reduce or eliminate ex-
haust smoke during fast acceleration, especially when
starting

Whenever the throttle of the injection pump is turned
rapidly to the full-load position, the pump will immedi-
ately deliver the maximum amount of governed fuel.
The trbocharger, however, does not recover it rpm
guite as fast and during this lag of time there is insuf-
ficient air (boost pressure) to provide complete combu-
stion. The aneroid (wher properly adjusted) will cut

Servicing the Pump

back fuel supply of the injection pump until sufficient
boost pressure is delivered to the engine. With the ane-
roid in the fuel cut-back position, insufficient boost
pressure allows the return spring 4 to move the
diaphragm (5) and control rod {18) to the fully raised
position. The control rod has a taper to convert vertical
movement of rod {18) into horizontal moverment of pin
(23}, This pin actuates the bellcrank {24) acting on the
tension lever (16) Hlust. 298 to cut back fuel delivery,

Increasing boost pressure from ‘ntake manifold pushes
down the diaphragm and contro! rad. This movement is
taken up and converted by pin (23). As bellcrank {24) is
under tension fror governor spring, actuating pin 123) is
pushed in, permitting free oscillation of tension lever,
i.e. fuel delivery is controtled by the centrifugal governor
only.

Must. 303
Fuel Injection Pump {Rotary Modei VE .. F ..}

1 — Throttie laver

2 — Shut-off laver

3 — Stop screw, low idle

4 - Stop screw, high idle

5 — Adjusting screw, full lnad

For injection pump removal and installation see previous
discussion.

8 - Stop screw, shut-oft lever iravel

7 - Aneroid

8 - Breather hose (aneroid)

9 - Cover, timing hoe

10 - End cover, advange piston spring side)

Before attempting 1o service the pump it is strongly re-

~commended o stedy “Princigle of Operation” 10 get fa-

miliar with this pueap modet.

CGES-310-1
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Disassembly

Note: Reference numbers correspond in the following
illustrations to those in Hllust. 304.

llust. 305

Mount the pump in a holding fixture as shown in lllust.
305 (or similar).

‘65889

L

CG-8912

{llust. 306

Remove pump cover retainer screws.
Tilt cover {67) as shown in Illust. 306.

First, unhook governor spring {122} from retainer pin
{120). Do not overspread the spring.

Unhook the other end of the governor spring.
Remove throttle lever {72} and outer washer {69),
Push throttle lever shaft (68) out of the pump cover,

Remove O-ring (66), inner washer (69), and O-ring
(92). Ilust, 307.

o
il

CG-8973

Hlust, 307

1989-0

CG-8914
Hlust, 308

Remove shut-off lever assy. (76) (if so equipped) in
the same sequence as mentioned for the throttle lever.
Remove full-load adjusting screw (88). Ifust. 308.

2888-9

Niust. 309

Put the pump In vertical position.

Using tool KDEP 1082 loosen the slotted round nut
(107) Hlust. 309,

Remove the governor shaft {(108). Take care not to drop
governor components, illust. 310, when removing the
shaft,

CGES-310-1
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-poea-0

CG-8917

Hust. 310

107 - Slotted round nut
108 - Governor shaft
110 —~ Thrust washer
111 — Shim plate

112 — Governor assy
113 — Filyweight

115 - Governor sleeve
117 — Plug {replaceable)

Using socket KDEP 1080, remove plunger end plug
(130).

+oRE-0

1{fust. 311

Remove delivery valves.
Using tool KDEP 2938, remove packing ring (84}.

Note: The outlet ports in the hydraulic head are marked
with capitals A, B, etc., “A” being the outlet for the first
cylinder of the engine.

Valve and guide are matched parts and must not be
mixed up.

It is good practice to store each delivery valve assy.
{Illust. 312) separately and to reinstall valves in their
original places.

Hlust. 312
Delivery valve components

54 — Packing ring
55 — Valve assy

56 - Spring
57 -~ Shim
58 — Holder

Remove the hydraulic head retainer screws (60).

Lift-off the hydraulic head (20} taking care springs {108),
quide pins {49), shims {48), and spring seats (47) do not
drop.

Lift the plunger with metering slteeve out of the pump
housing taking care shim {43}, slotted thrust washer (44},
spring seat (45), springs (46}, and the shim (52), the lat-
ter located in the recess in the plunger foot, do not drop.

Remove dog point pin screws (104} and gasket (108).

Lift the governor lever assy. out of the pump housing.

Remove face cam (29).

Remove cover {9} 1tust. 303.

Remove the timing pointer from roller retainer ring (20).
See arrow (A} llust. 314,

CGES-310-1
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CG-892¢

IHust. 313

85 — Starting lever
86 — Torgue control lever
99 - Tensioning lever

A — Lever, negative torque control
B — Spring, negative torque control

ST 68921

Fa

Hiust. 314

20 — Roller retainer ring

A -- Tap, timing pointer
B — Fuel return passage

Remove the advance piston end cap (37), gasket {30),

shim (35), Spring (34}, and washer (0.6 mm {.024"}
thick} (33},

139

Nust. 315

Remave flexibie drive coupling (27).
Remove retainer pin clamp (26},
Remove retainer pin (25).

Push the connecting pin {24} in the center of the roller

retainer ring (20), lllust. 315, to clear the advance
piston.

Remove advance piston {31) and swivel bushing {32).

B988-5

CG-8923

Hlust. 316
Advance piston assy. removal

31 — Advance piston
32 — Swivel bushing
33 — Washer, 0.6 mm (.024") thick

34 — Spring
35 — Shims
Remove cover (39) and gasket (36). 37 — End cap
CGES-310-1
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" ¢G-8924

Itlust. 317

Remove roller retainer ring (20} Hlust, 317.
Do not allow roller pins to drop out of the rollers {22).

Note: Rollers, bushings and pin are a selective fit and
must be kept with their respect:ve part in the same toca-
tion on the roller ring by using 4 storing container,

@
[+]
e}
-}
S

G I— S CG-8925

llust. 318
Nete: The storing container can be made locally. See

{Hlust 319. Material: Alu or plastic.

Push drive shaft (12} out of the pump housing, taking
care woodruff-key {13) does not drop.

YA,

NANNANN

o ——- ) -

(+]

caZ i,
(.08")
\

AN

;{

Hiust, 319
Dimensions in mm {inch})

CG-8927

iust, 320

Remove gear (16} and the rubber buifers from drive
shaft (12}

Remove slotted thrust washer (17).

Charging Pump Removal

Remove the two cross-recess retainer screws (10).

Slide home made tool {A), 1ust. 321 into the pump
housing against support ring (9} and charging pump assy.
50 that it cannot drop as the pump is turned in the
holding fixture.

CGES-310-1
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Hlust, 321
A — Home-made tool

6 — Rotor
8 — Eccentric race
9 — Support ring

; charging pump

Position the pump as shown in Hllust. 321.

Slowly back-off the tool (A}, If necessary, slightly tap

the holding fixture to facilitate charging pump removal.

Note: Tool (A) illust. 321 can be made locally., See

ltust. 322, Material: Alu ar plastic.

e ¢ 65,2101 - ey
(2.567" to
2.571")
HhE8 YO
!
43
i (1.7
¥
165 I
(8.56") [
=z () I30~|--
(1.2")
J /v
/&
f;
L_ v

Hlust, 322
Dimensions in mm {inch)

The charging pump rotor (8) illust. 321 and its vanes
are matched,

Store the rotor in & container so that the vanes cannot
drop out, [llust, 323.

Must, 323

Note: The storing container can be made locally, See

Itust, 324,

s BT d, 44 +0,3 ..

Mt

{1.732-1.744")

D o~
P %, ol O
wl] ' — 4 2
% ; =7
//// ! ‘/’/, e # 1
E :
18 =
{71}
N # 50 = CG-8931
CG-8928
{lfust, 324
Dimensions in mm {inch)
Material: Alu or plastic
CGES-310-1
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1lust. 325
A — Too!l KDEP 1086

134 + 133 — O-rings
135 — Charging pressure regulating valve

Using tool KDEP 1088 remove the charging pressure
requlating valve {135) Hlust, 325,

Remove O-rings (133} and (134).

Inspection

Thoroughiy clean all part of the injection pump in clean
diesel fuel.

Carefully inspect each part of the pump.
Replace worn or damaged components with new ones.

Especially check the distributer plunger using a magni-
fying glass.

The surface of the plungar must have a mirror-like finish.
If it has become dull or gray in appearance, the plunger
is worn excessively, i.e. plunger, metering slegve, and the
hydraulic nead must be replaced.
The edges of vertical slots and annular groove of the
plunger must appear sharp-edged and not round, when
examined with a magnifying glass.
Replace, if necessary.
Following components must be replaced as a unit.

al Plunger, metering sleeve, and hydraulic head.

) Roller retainer ring assy.

¢c) Charging pump assy.

CG-8932

Reaszembly

Observe strict cleanliness on the working place. Immerse
each part, also O-rings and gaskets, in clean diese! fuel or
test oil before reassembly.

Replace O-rings and gaskets with new ones.

Tighten each screw to specified torque.

Proceed as follows:

Press the seal ring (3) into the pump housing recess.

Ilust, 328

Place support ring (9), charging pump rotor (with the
convex side of its vanes outwards), eccentric race (6)
onto the installing tool in this sequence, |llust. 326.

The screw holes in the eccentric race differ in their
relation to the inner diameter of the race.

Place the eccentric race over the rotor in such a way that
the screw hole with the grester distance to the inner dia-
meter {see arrow lllust. 326) is on the right-hand side
and the fuel passage is on the top, when facing the
injection pump from the drive end,

CG-8934

illust. 327

CGES-310-1
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Align the screw holes in the support ring with the holes
in the eccentric race and slide the charging pump assemb-
ly into the pump housing.

Insert the pump and install the cross-recess screws (10).
Make sure the fuel passage (arrow) is positioned towards
the top of the pump housing. lilust. 327,

9
@
@
~
®

CG-8935

Nust, 328

Slide gear (16) over the drive shaft, with its undercut
side ahead, {llust. 328..

6488-9.

just. 329~

1 — Rubber bufter
2 — Roll pin

Using new rubber buffers {1) 1liust. 329 install gear (16)
onto the drive shaft,

Use some grease to stick the slotted thrust washer (17)
onto gear (16} and to hold woodruff-key {13} in the
keyway of drive shaft,

Must. 330

Insert the pump as shown in Hlust, 330,

Instail the drive shaft using the seal protecting sleave
KOEP 2939 to protect the lip of the seal (3).

Make sure the woodrutf-key has engaged the slot in the
charging pump rotor.

Remove the protection sleeve. lust. 330,
Hold the drive shaft in position and insert the pump so
the open side is up.

Roller Retainer Ring

Note: In case the roller pins have been dropped and rol-
lers have been mixed up, chack to sze the protrusion of
each roller is equal. A deviation in roller protrusion up
to 0.02 mm {.0008"'} is permissible,

When installing the rollers do not overlook the dish
washers (23),

Make sure the dished-out side of the washers goes against
the outside portion bf the roller retainer ring, Hlust, 331..
@

[}
0,
4

H
]

CG-8938

Hust, 331
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Push connecting pin {24) into the roller retainer ring.
iviake sure the cross hole in the pin goes to the center of

the ring and is facingup. Illust. 332,

‘weped

Hust. 332

Rotate the drive shaft so that its coupling tangs are pa-
rallel to the advance piston bore in the pump housing.

Place the roller retainer assy. into the pump housing so
that the connecting pin {24} goes to the advance piston
bore. itust. 333.

CG-8%940

Hust. 333

Using some petroleum jelly place the swivel bushing (32}
into the bore in the advance piston.

Insert the advance piston into the bore in the pump
housing. Make sure the spring pocket side of the piston
is on the pump timing hole side and the bore in swivel
bushing {32) is facing connecting pin {24).

‘CG-8939

1CG-8941
fHust. 334

Push the connecting pin into the advance piston swivel
bushing and secure the connecting pin by installing re-
tainer pin {25) and clamp (26). lllust, 334.

Must, 335

Total thickness of advance piston shim package is speci-
fied for each individua! pump. See Service Manual
(G55-1460-3 or 155-1522-3.

Shim thickness as given in the chart comprises 0.6 mm
(.024 in) for shim {33) Illust. 335 plus a variable thick-
ness for shims {35). {!llust. 316}

First place shim (33) into the spring pocket, then enter
spring {34) Must. 335.
Piace the required shims (35} in the end cap {37).

Note: At least one shim must be installed on each side of
the advance piston spring.

Instatl gasket (30} and end cap (37), on the other advance
piston side install gasket (36} and cover (38}

Instalt O-rings {133) and (134).
Using tool KDEP 1086 instalf the charging pressure regu-
tating valve {135).
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. CG-8943

Hlust. 336

Install fiexible coupling (27).

Hlust. 337

Align the plunger index pin A" in the face cam with
the keyway in the drive shaft and install the face cam.

Checking Dimension “PSD"
{plunger spring dimension)

This dimension Is the distance between the sealing face
on the hydraulic head and the face of the distributor
plunger. Hlust, 338,

+,CG-8944

"PSD”

[t —

68O

k\\\ﬁH‘Q -

\\\\\\\.\‘R\\\\\\\\\\\
A

//////////

Iust. 339

Clamp dial indicator 1 687 233 012 in the holder KDEP
1032.

Preload the indicator to about 25 mm {1in.}) and zero
the dial, [lfust. 339,

Enter guide pins (49) into their holes in the hydrauiic
head.

Place spring seats {47} and springs (46) [(without shims
{48} } on the hydraulic head.

CGES-310-1
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Reassemble the distributor plunger with shim (43},
slotted thrust washer {44} and spring seat (45) and slide
into the bore in the hydraulic head. Hiust. 340,

@ I

1144 CG-8947

Hiust. 340

Hold the hydrautic head horizontally

Force the dial indicator holder against the hydraulic
head and apply some thumb pressure to the piunger
foot. 1llust. 341,

R

0688-9}

cG-8048

Hiust, 341
Checking dimension "PSD'"

Record the dial indicator reading and compare with the
"PSD"” dimension listed in specifications of Service
Manual GSS-1460-3 or 185-16522-3,

Select shims {48} as necessary to obtain specified 'PSD"’
dimension,

In case the actual shim thickness required ties between
two available shims of the assortment, use the thicker
shim to correct plunger spring dimension.

Note 1: Only one shim {48) of the same thickness must
be placed underneath each of the spring seats (47).

Note 2: If necessary, replace springs (46) as a set.

CG-8965

iliust, 342

Assemble  linkage on  pump housing cover.
Slide shim (69) over the throttle lever shaft and push
O-ring (66) into its groove in the shaft, uding protection
steeve KDEP 2937, fliust. 342,

Insert the shaft assy. into the bore in the housing cover.
Install torsional spring {220) outer shim (69) and lever
(72), the latter parallel to the inner rigid shaft lever.
Secure fever (72} with lock washer (73) and nut {75}, If
so equipped, install the shut-off lever assy. as shown in
Hiust, 343,

$ 89 70 71
.
:J. LA Dok 74
;ﬁ ¢ 76

% . y 77
\ T g

& CG-8566
A 4/ —
itlust, 343
69 — shim 74 — nut
70 — O-ring 76 — shaft
71 — washer 77 — torsional spring

73 - lock washer 78 — shut-off lever
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fust. 344"

If the position of the shut-off lever has not been marked
before removal, instal} the shut-off lever as follows:

Place the home-made spacer bar into the housing cover
as shown in Nust, 344,

Apply thumb pressure on the inner shaft lever and in-
stali the outer lever (78} in such a way that there is a
minimum gap between the outer iever and the cover

Check and note this gap. See arrow Itlust. 344,

Secure the lever {78) with lock washer (73) and nut {74).

Note: The spacer bar used for shut-off lever adjustment
can be made locally according to lilust, 345, Material:
Mild steel,

CHSE8 - D

(1.09")

i 27 T oy

{1.08") (59"}
Hiust, 345

Dimensions in mm

Injection Pump Timing

A. Plunger Dimension “PD"
{(purmps without pre-gtroke only)

Dimension “PD" lilust. 348 is the distance between the
sealing face of the hydraulic head and the plunger face
when the plunger is in bottom dead center.

CG-3967

bt pD n

-y

£668-vY

N\\ \\M ;\

‘M\ SIS |

)7,
M

CG-8952

Hust, 346

Check "PD" dimension as follows:

Place any shim (52) into the recess in the plunger foot
{do not use petroleum jeliy etc.).

Align the index notch in the plunger foot with the index
pin in the face cam and place the plunger onto the face
cam.

Carefully slide the hydraulic head over the plunger and
into the pump housing.

Install hydraulic head retainer screws. Tighten the screws
to specified torque.

Pre-load and zero a dial indicator as mentioned before
(Itlust, 339).

Positicn the pump vertically.

CG-8954

IHust. 347
Checking plunger dimension
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Place the dial indicator on the sealing face of the hydrau-
lic head. illust. 347,

With the plunger in bottom dead center record the dial
indicator reading.

Recheck the reading by slowly rotating the drive shaft to
and fro.

The reading should correspond with the dimension in
»Specifications” of Fue! Injection Pump Service Manual.

Correct by selecting a suitable shim {52} is necessary.

Select a thicker shim {52} lliust. 348, if the dial indicator
reading is exceeding the specified "PD” and vice versa,

]
¥
o
o
-]
@

CG-8955

Hiust. 348

In case the actual shim thickness required lies between
two avaitable shims of the assortment, use the thicker
shim to correct the plunger dimension

Recheck plunger dimension.

" cG-8956

Hiust, 349

Use the socket KDEP 1080 and tighten the end plugto
specified torque. liust, 349,

MNote: Whenever removed, replace gasket (129) and plun-
ger end plug (130} with new ones.

Install delivery valves (55}, gasket (54), spring {(56),
shim {57}, and hoider (58}.

Tighten holder (58} 1o specified torque.
Remove the hydrautic head.

Make sure the distributor plunger slides in the hydraulic
head without binding.

B. Plunger Lift to Port Closure
{pump with pre-stroke only)

Empioy the overflow method to check plunger lift to
port closure as follows:

Piace any shim {52} into the recess in the plunger foot
{do not use petroieum jelly etc.).

Align the index pin in the face cam with the index noich
in the plunger foot and place the plunger onto the face
cam.

Place a soft auxiliary spring between the plunger foot
and the metering sleeve to hold the latter against the hy-
draulic head during the measurement.

Slide the metering sleeve over the plunger making sure
the machined face is towards the hydraulic head.

Carefully slide the hydragsic head over the plunger and
into the pump housing.

Install and tighten hydraalic head retainer screws.

Install a new gasket (129} and a rnew plunger end plug
(130).

Using socket KDEP 1080 tighten the end plug to speci-
fied torque,

install delivery valves.
Install governor shaft (108) temporarily.
Install pump housing cover temporarily.

Install plug M12 x 1.5 into the overflow throttie hole in
the pump housing cover to block the fuel return flow.

Install pre-stroke measuring device 1 688 130 045, ex-
tension and diat indicator 1 687 233 012 into the plun-
ger end plug tap.

CGES-310-1
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Using the proper bracket, flangs and clamp, fit the in-
jection pump on the test bench as shown in lllust, 350,

Eliminate drive line play.

t
g:
:

Iust. 350
*1 - Flange
2 — Clamping bracket
3 — Clamp

4 -- Dial indicator
5 — Pre-stroke measuring device
6 — Drip tube
7 — Hose, fuel supply
8 — Banjo fitting {pressure gauge connection)
9 — Fuel return valve {throttle)
10 — Inlet-union screw, extra lung
11 — Hose, fuel return
12 — Hose, boost pressure

* Previous flange 1 685 720 062 may be modified. See
IHust, 351.

Hust, 351
Modified flange 1 685 720 062
{dimensions in mm} (inch)

Connect fuel supply hose (7} Hlust. 350.

Note: 11 is not necessary to connect parts (8} to {12)
now, However the return fuel outlet must be plugged.

Switch on the test bench and adjust fuel supply pressure
to 20 kPa (2.9 psi).

Position the plunger in bottom dead center and zero the
diat indicator (fuel is flowing out of pipe (6) }.

Slowly turn the test bench drive clockwise (viewed from
pump drive end} until fuel outflow (6) 15 reduced 10 a
mere iricie,

This is the point of port closure, i.e. injection begin.

Record the dial indicator reading a1 this point.

Compare the recorded figure with the specified “PL" as
listed in “Specifications” of Fuel Injection Pump Service
Manual,

if the recorded figure exceeds the specified 'PL" dimen-
stan, place & thicker shim {52} under the plunger foot
and vice versa.

In case the actual shim thickness required lies beiween
two available shims of the assortiment, use the thicker

shim to correct plunger hift to port closure,

Recheck injection pump timing,

Setting the Timing Pointer

With plunger dimension “PD' ar plunger hft o port
closure "PL" correct, adjust the Uming pointer.

Hiust, 352

1 - Timing poinier
2 — Scribe line on the face cam

install a dial indicator in place of the plunger end plug.
{Hlust, 352,
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With the plunger in bottom dead center, pre-load the
dial indicator to about 4 nm (16"} and zero the dial.

Turn the pump drive shaft clockwise {viewed from drive
‘end) until the plunger travels (fifts) 1 mm (039"}

At this paint align poeriwer (3 with the seribe line (2)
and lock the pointer ietamer serew,

The keyway in the drnive shaft must be up fin 11 o'clock
position} whan setung the pomter

To complete the pump proveed as foliows,
Remave dial indicator or gre stioke iveasuring device

Remove the hydrauhe baead  susliary spring Gf used)
and selected shim (B2}

Remove the temporat iy instalied pat s, 6 pump housing
cover, governor shalt (168 dug po sorgws (104}, and
plug M12 x 1.5,

«
@
@
©
@

b CG-8949

lust. 353

drgrs-

Be sure the ball joint on the governor lever assy. slides
freely in the bore in the metering sleeve. !llust, 363.

LB8e-t

Place shim (43), slotted thrust washer (44}, and spring
{45} on the plunger foot respectively.

Slide the metering sizeve over the plunger in such a way
that is machined ard polished face is toward the hy-
draulic head. Arrow lilust. 354,

senasaikaionios Tl 8

1lust. 365 ’

Install the plunger wassembly with weiected shim {52},
Make sure the nothon the phinger foot engages the in-
dex pin in the face cam

Install the governor lever assernbly, making sure its ball
joint engages the bore in the metering sleeve. Arrow
Hiust, 365.

Fasten the lever disy. by instpibing gaskets (105} and dog
point screws {1043,

Place the plunger return springs (481 onte spring seat
45).

-5688-9

CG-8952

lilust. 366

Using some petroleum jelly, insert guide pins {49), selec-
ted shim {48) lsee Checking "PSD*" Dimension), spring

CG-8950 A ? ; .
i seat (47), and springs {10B) in their bores in the hydrau-
tust, 354 lic head. lllust. 356.
CGES-310-1

PRINTED IN UNITED STATES OF AMERICA




FUEL INJECTION PUMP VE ... F .

Carefully install the hydraulic head making sure the
springs (108} go to the lower parts of the governor lever
assy.

Be sure guide pins {49) are still properly seated in the
bores in the hydraulic head.

Tighten hydraulic head retainer screws (60} 1o specified
tarque.

Hlust. 357

112 — Governor

113 — Flyweights

115 — Govarnaor sleeve
117 — End plug

Reassemble governor unit. lllust, 357.

Do not overlock the spacer washer (114) located be-
tween steeve (115} and the unit body.

To facilitate installation of the governor, use petroleum
jelly to stick the shim plate (110). and thrust washer
{111} onto the pump housing wall.

Place O-ring {109) into the groove in governor shaft
(108).

Slide the governor shaft through the tapped hole in the
pump housing into the governor unit and screw in untif a
clearance of 15 to 2.0 mm {052 to .072 in.), measured
from the shaft end to the pumo flange, is obtained. See
1Hust, 358.

151

5...20Mm

CG-8959
1Hust. 368

Hust, 359

Using a feeler gauge check governor end play. Arrow
(A} Htiust. 359,

Correct end play to 0.15 to 0.35 mm (006 to .014in.}
with shim plate (110) {arrow (B) ), if necessary.

CGES-310-1
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o
24
w0
[~}
o

CG-8957
Hlust. 360

110 - Shim plate {guvernor end play}

Miust. 361

Position the pump horizontally.

Using the socket KDEP 1082 tighten the nut (107) to
25-30 Nemn {18-22 Ibf-it).

Governor Sleeve Free Trave!l “GST”™

Using two cover retainer screws bolt stop bar {A) Hiust,
362 to pump housing, with its undercut side facing the
governar lever assy,

The “GST” dimension, i.e. free travel of governor sieeve
is the clearance between plug {117) {llust. 382 and the
starting lever (98) or, if so equipped, the negative torque
caontrol leve:,

95 "GCST” ‘OPEE- D

116 @

/ CG-8962
illust, 362

“GST'-Governor sleeve free travel {clearance)

A - Stop bar KDEP 1084 (pump without negative
torgue control lever shown)

INlust, 363
Checking "GST" on pump with negative
torque control lever

To check "GST dimension force fever {96) against stop
bar {A} and starting lever (95} against its stop pin in the
pump housing.

Using a feeler gauge check and record "GST'' clearance.

Compare the measured "GST" with the specified "GST"
listed in the *“Specifications” of Fuel Injection Pump
Service Manual,

If necessary, remove the complete governor unit and in-
stall the proper end plug (117} lliust. 362 to bring the
measured “GST" to specified "GST.”

CGES-310-1
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Remove plug {117} as shown in Hlust, 364,

Lo not overlook the circlip {116), lliust. 67, when in-
stalling the proper plug.

Reassemble governor unit and recheck "GST",

©
-]
@
<4
[+]

: bk CG-8964
HHust. 364
Removing governo siceve end plug (117)

! @
Hlust, 365
Install pump housing cover s follows:

Hook governor spring {122) in eye of lever {68) taking
care that the hook end is down as illustrated. lilust. 365,

‘6588-9

Carefully hook the other end of the governor spring into
retainer pin (12Q) taking care not 1o overlook idle spring
(121).

Do not overspread spring {122).

Note: 1t necessary, replace retainer pin {120) and idle
spring (121} as a set.

Tighten the cover retainer screws {123) to specified
torque.

CG-8971
Must. 367
Checking shui off lever travel

It the shut-off lever has been removed or stop screw {A)
has been backed off, travel of the shut-off lever must be
adjusted,

Place a feeler gauge of the same thickness as recorded
{refer to Hiust. 344) between the housing cover and the
shut-off lever. {Arrow lllust. 367).

Using a caliper gauge chack the shut-off lever trave! from
stop {0 stop.

s » Turn adjusting screw {A) in or out until 21.5 to 22.0 mm
I s ; {.846 to .B66 in.} lever travel is obtained.
i . CG-8970
Hiust. 366 Lock adjusting screw {A].
CGES-310-1
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SERVICING THE ANEROID

Note 1: Before servicing the aneroid it is necessary to Using an appropriate punch, push the pivot pin {57} out
study the functional description at the start of this book. of the aneroid housing.

in doing so, control lever (56} should drop, push it
Aownwards, if necessary.
Note 2; 11 difficulties arise and repair are doubtfull itis
advisable to replace the compleie anercid with a naw Using a pair of needle nose pliers remove the actuating
one. (See parts catalog). pin (34).

Remove caver (49).
Remove nut (53} and stop screw (H0).

Note 3: For reference numbers in the toliowing text see
flust. 371.

Exceptions:

{136} inlet-union screw
(122) governor spring
(120) retainer pin

{ 88} full load adjusting screw
{ 90} nut

See Illust. 304,

Disassembly

Remove inlet-union screw (138) and drain the pump, A
Hlust. 369

Bolt the pump to the holding fixture. Illust. 368.

Y
@
@
~i
s

o,
IHust. 370
lilust. 368 :
Mark the position of the dot mark on the retainer was-
Instatl anercid housing (1) temporarily. her {42) to the aneroid housing {lllust. 369) and to the
Remove plug (39), plugs {58) and gaskets (58). control shaft {(41) as shown in {llustration 370.

CGES-310-1
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lliust, 371
Aneroid is installed on pumps for turbocharged engines anly
CGES-310-1
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Q
&
©
©
®

Hlust. 372

Bemove the diaphragm with contiol shait (41). Hliust, 372

(]
@
2
«
lust. 373
Clamp the contoi shaft (411 0 a vise equipped with

hard rubber jaws.

Remove nut {458}, lock washer {44), retainer washer (42)
and diaphragm {43) 1llust, 373,

IHust, 374

Remove ratched nut (46} Hlust. 374.
Loosen hexagon nut {33). To do so modify a 24 mm
socket as shown in 1llust, 375.

‘¥LG6E-D

(.12")
~3

(1.22*) 3¢

Ilust. 375

Screw out pilot sleeve {31).
Remove lock spring (32} and nut (33} from the pilot
slesve.

Remove breather screw (G0).

Using the screw driver bit KDEP 1020 loosen the thread-
ed tension washer (35},

Do not remove this washer now.

Remove the aneroid housing from the pump housing.
Lift control lever {56) out of the pump housing.
Remove tension washer (35).

Using puller tool KDEP 1104 remove bushing {37).
Remove gasket (38).

If necessary remove throttie lever and shut-off iever as-
sembly.

Back-off full load adjusting'screw (88},

Inspection

Inspect the diaphragym for any sign of wear, fatigue and/
or leaks.

inspect nitot sleeve and all moving parts for wear.
Replace worn parts with new ones.
Replace O-rings and gaskets with new ones.

CGES-310-1
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Reassembly

Install the aneroid housing temporarily.

With the cross hole side (arrow lilust. 376) ahead screw
pilot sleeve {31) into the housing until dimension {B) =
7 to B mm (.28 t0 .31 in.} is obtained Ilust. 377,

L1680

&
=\

Hlust, 376

Hiust. 377

B—~7tc8mm{(.28t031in.)
31 — Pilot sleeve

To make sure the cross hole in sleeve {31) is in align-
ment with the bore in the aneroid housing, screw the
alignment tool KDEP 1103 completely into the bore in
the aneroid housing. Arrow lifust. 377.

With the alignment pin still in position install lock spring
{32} and hexagon nut {33).

Torque the nut to 25 to 30 Nem (18 to 22 Ibf, ),
Remove the alignment pin.

@
3
=]
<

{llust, 378

LLEGD

tiust. 379

Clamp contro! rod (411 in holehng Tixiuee KDEP 1102,
threaded end up.

Place the first relainer washer (427 onwe the control rod
dot mark downwards.

Position diaphragr (430 o e s
Wai 8.

SO Hown -

Place the second retamer washor (125 w1 e dhaphragm,
dot mark on top.

Rotate both washers to bring their dot marks in align-

ment with the color mark on the control rod top. illust.
379.

CGES-310-1
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‘268-0

illist. 380
To prevent damage 1o the diaphragm clamp both wash-
ers fogether using two small vice-grips. llust. 380,

Install lock washer {44) and torque nut{45)to 5 to 6 Nm
(44 to 53 Ibf. in.). 11lust, 382

& !
9 H
3 !
= o
B fn -
- S
1Hust. 381
To adjust stop screw (50} proceed as follows: llust. 383
Clamp dial indicater 1 687 2?33 012 in holder KDEP
1088. Check and record dimension (F) Iflust, 383,
Presoad indicator to approx. 10 mm (.39 in.} and zero Dimension (C) llust. 382 should exceed dimension (F})
the dial. llust. 381. by 0.5 to 0.6 mm (.020 tc .024 in.}, i.e. there shouid
be 0.5 mm (.020 in.} of clearance between top retainer
Check and record dimension {C) |llust, 382, washer {42} and cover (49).
CGES-310-1

PRINTED IN UNITED STATES OF AMERICA




169

FUEL INJECTIONPUMP VE ... F ...

o188-9

Hlust. 384

Install the ratched nut (46) tc obtain a preliminary clea-
rance of 2.2 mm (,087 in.}). Se= lliust. 384,

Slide a 2.2 mm (087 in) fesler gauge through the
breather hole to check the required clearance.

Setting Diaphragn Stroke “DS"

The “DS" is controlled by the thickness of the spacer
ring (48) which reduces clearance between pilot slegve
(31) and lower retainer washer (42).

To determine the thickness of this spacer a telescopic
“crush’’ sleeve is used to gage the actual clearance as
follows:

1) Extend crush sleeve KDEP 1105 to approx. 12 mm
{.47 in.}. lllust. 385,

Hlust, 385

2} Fit spring {47) and crush sleeve, small diameter
down as shown in Illust, 386,

IHust. 386

3} Install diaphragm assemibly and tighten cover {49)
1o crush the sleeve.

4} Remove cover, diaph ragm, spring and sieeve,
5) Measure crushed height of sleeve.

6) Deduct "DS" height in specification from ““crushed
dimension’ to obtain the correct spacer,

Example:
crushed dimension
DS dimension in chart
required spacer {48)

8.5 mm (.334 in.)
—4.5 mm {—.177 in.}
4 mm{.167 in.)

Illust. 387

Coat control rod (41} with Molycete FT 70 v 1,
Slide selected spacer ring (48} over the control rod,
lust, 387,

Insert the diaphragm assy into pilot sleeve (31). Be sure
the control rod slides in the pilot sleeve without binding.

CGES-310-1
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‘91689
=

L
-

Hlust. 388

Line up marks (A) lllust. 388 and install cover {49).
Torque screws (54) and {55) to 6—8 Nm (53-71 Ibf.-
in).

To install pilot union assy {37) use puller tool KDEP
1004.

Place O-ring {36) into recess of pilot union {37).

Slide union {37) over the puller tool large diameter
ahead.

Place gasket (38) onto the puiler tool.

install union assy {37} with puller tool into the aneroid
housing and remove the puller tool,

tnsert the pump in the holding fixture so that the drive
end is up.

Install the threaded tension washer (35).

Using the screw driver bit KDEP 1090, torgue the wash-
er to 9—12 Nem (80106 |bf. in.).

Position the pump horizontal.
Coat the actuating pin (34) with Moiycote Ft 70 v 1.

With the smaller diameter ahead insert the pin into pilot
union {37).

Coat contact area of bellcrank {56} with Molycote.

1lust. 389

Using an appropriate punch {arrow llust. 389) position
beflcrank {56) in the aneroid housing and insert pin {57),

Secure gaskets (59) and plugs (58}
Tarque the plugs to 6—7 Nem {63—62 Ibf. in.).

Install full toad adjusting screw {88}, taking care O-ring
{91) is completely seated in the aneroid housing recess.

Important: After fitting a repaired or a new aneroid the
full load adjusting screw required resetting and free tra-
vel of governor sleeve {the “GST" dimension) must be
rechecked. ;

CGES-310-1
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TESTING AND ADJUSTING

Preparation

.00 (8 o600 LB

0..250 kPa 15,0 MPa
19,6 MPa , A -~

O\}@Aaco

1 — Feed Pump
2 — Filter
3 — Feed pressure control {iniet}
4 — Pressure gauge
METRIC

0 — 60 kPa {feed pressure)
0 — 250 kPa (boost pressure}
0 — 1800 kPa (charging pressure)

ENGLISH

0 — 15 PS!} (feed pressure}
0 — 30 PSI {boost pressure}
0 — 300 PSt (charging pressure)

ust, 390
Line Diagram

5 — Nozzle holder assy
T x 19.6 MPa (2840 psi) opening pressure at outlet
port "A' {when testing excess fuel for starting) as
required: 15,0 MPa (2175 psi} opening pressure

6 — Measuring glass {overflow quantity)

7 — Fuel tank

8 — Fuel return valve

NOTE: Refer to G55-1460-3 or 155-1522-3 for Fuel
Injection Pump Test Bench and Fuel Rate Specifications.

CGES-3101
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fHust, 391
Fuel injection pump equipped with aneroid,
mounted on test bench

1 -- Clamping bracket
2 — Clamp
3 — Flange
4 — Hose, fuel supply
5 — Hose, to gauge 0—60 kPa (0—15 psi)
{feed pressure)
& — Hose, to gauge 0 — 1600 kPa (0300 psi)
{charging pump pressure)
7 — Hose, boost pressure
8 — Hose, return flow to reservoir
9 — QOverflow restriction
10 — Inlet-union screw (extra long}
11 - Timing advance gauge

Fit the pump on test bench, Connect up as illustrated.
Take care to eliminate drive line play,

Be sure gauge {11) is properly zeroed to advance piston
position.

Stylus should contac. advance piston rim.
Back-off low and high idle speed stop screws.

Use ""Sheel calibration Fluid B” at a temperature of 40+
5° C {104° — 113° F) and a constant feed pressure of
20 kPa (2.9 psil.

Adjusting

A Make sure governor shaft setting is cotrect. See
itust, 3568,

Using an auxiliary spring, hold the throttle lever
against the high idle stop scraw.

Set the fuel supply pressure to 20 kPa (2,9 psi) and

run the pump at rated speed for about 10 min. to
warm-up the test oil,

B Full Load Adjustment.

Push the throttle lever against the high idle stop
screw,

l§lust, 302

90

Hlust, 393

88 — Fuli load adjusting screw
89 — Spacer ring

I1f so equipped connect the shut-off solenoid to a 80 — Lock nut
12 V or 24 V power supply. 81 — O-ring
CGES:310-1
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At the pump speed given in “Specifications” set 1 2 3 L
the specified full-load delivery turning screw (88},
Hlust, 392 and 393, in or out as required.

After adjusiment be sure the O-ring (81) is fully
seated in its recess.

It the O-ring protrudes install a shorter screw (88).

On the other hand, if the screw (88) is too short,

either the full-load delivery adjustment can not be Ellust. 395
made or the thread for lock nut (90) is 100 short, Cross section of charging pump pressure regulator
Full-load delivery Limit t — Plug 3 — Piston
2 - Spring 4 — Roll pin
After full-load delivery adjustment screw 88 should
have no more than 1/3 of a turn before bottoming Pull out the roll pin (4) Hlust. 395 using puller tool
on spacering (89}, Use a spacer of a different size KDEP 1027. Illust. 396,
if necessary. b}
3
S
C  Timing Advance and Charging
Pump Pressure
Hold the throttle lever against the high idle adjust-
ing screw,
Vent timing gauge {11} Nust. 391 by loosening
the slotted head screw,
At pump speed given in “Specifications” the
specified charging pump pressure and at the speed
given the specified travel of the advance piston
must be attained,
{llust, 396
Removing roll pin {4} IHlust. 395
C 1. Charging Pump Pressure
Remove piston (3} and spring (2) Hlust. 395 and
If charging pump pressure is too low, slightly tap “tap” the plug (1) outwards, as shown in Iljust.
the plug of the pressure regulator {92) inwards as 397.
shown in llust. 394. When reinstalliing the pressure regulator use a new
roll pin and be sure this pin is flush with the valve
body.

Take care when installing the roll pin to prevent
formation of chips.

iNust. 394

It the charging pump pressure is too high, remove Hiust, 387
the regulator (92), using socket wrench KDEP 1086, “Tapping” back plug (1) llust, 3856

CGES-3101
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C2. Timing Advance

Timing advance is controlled by charging pump
pressure and pressure of advance piston spring.

If correct advance piston travel cannot be attained
by fully utilizing the limits of charging pump pres-
sure, install a different shim to change the load of
the advance piston spring.

To increase advance piston travel use a thinner shim
and vice versa,

Readijust full-load delivery, see "B above.

D Low lIdle Delivery (Governor idel run-out)
Nust. 389

Compare the reading with the specified angle in the
“Specifications”” of Fuel Injection Pump Service
Manual GS85-1460-3 or 155-1522-3.

E Excess Fuel for Starting

Measusre of outlet port “A,” using a nozzle holder
assembly set to an opening pressure of 19.6 MPa
2840 psi).

At the pump speed given in “Specifications” a
marked increase in fuel guantity should be noted.

Note: | starting fuel is less than specified the di-
: mension “GST" (the governor sleeve travel) may
Hlust. 398 be incorrect. See “Determining Dimension G5T.”
Iiust. 362 and 363.

82 — Low idle stop screw
F Governor End Run-Out

Hold the throttie lever against the low idle stop
screw {82). 1llust. 398,

At the pump speed given in “Specifications” adjust
the screw until the specified quantity of fuel is de-
livered.

If this requires an extreme adjustment of the screw
reposition the throttle lever on the serrations of the
shaft,

To do this run the pump approx. 1000/min to pro-
vide internal pressure.

ttlust, 400

If in doubt use a universal bevel protractor to check
the mounting angle of the lever. |llust, 380, A — Auxiliary Spring

CGES-310-1
PRINTED IN UNITED STATES OF AMERICA

Ea




G1.

G2,

165

FUEL INJECTIONPUMPVE ... F ...

Using an auxiliary spring (A) Htust, 400 hold the
throttle lever against high idle stop serew.

At the pump speed given in "Specifications” turn
the screw in until the specified quantity of fue! is
delivered,

Testing the Injection Pump

See "'Specifications.”

Check timing advance and charging pump pressure

Hold the throttle lever against the high idle stop
screw,

At the speeds given in "Specifications'’ advance
piston travel and charging pump pressure must be
within specified limits.

If corrections are necessary, see steps C1, and C2.

Note: A defective charging pump or charging pres-
sure regulator will affect charging pressure and ad-
vance piston travef,

Defects in the timing advance mechanism affect
only advance piston travel,

Overflow Quantity

At the pump speed given in “Specifications’” measure
the overflow quantity, Illust. 401,

Mlust. 401
Measuring overflow quantity

CGES-310-1

G3.

G4.

G5,

Fuel Delivery and Lugging Characteristics

Measure fuel delivery at the speeds given and with
the throttle lever and the shut-off lever positions
as specified,

Zoro Delivery (Stop}

At the pump speed given and with the throttle lever
in the specified position zero delivery should be
reached when the shut-off lever is pulled back o its
stop or the solenoid is switched off.

If this is not the case, readjust shut-off lever. See
illust. 344 and 367.

Excess Fuel for Starting

At the pump speed given the specified quantity of
fuel should be delivered {nozzie holder assy. at
outlet part A" set to 19.6 MPa (2840 psi} opening
pressure,}

Note: Do not push the throttle lever hard against
the high idle stop, when measuring excess fuel for
starting.

Checking

Check the pump by following steps in section "G,
in same order,

If corrections are necessary, adjustment figures
apply.

Testing and Adjusting Fuet Injection Fitted with
Aneroid

Prepare the pump as described up to step "A" {adjusting).

1. Aneroid leakage

To test the aneroid for leaks, use a special pressure
gauge as shown in [Hust, 402,

Apply air pressure, equivalent to the specified max.
boost pressure to the aneroid by opening adjusting
screw {1} Hlust. 402,
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Iust, 402

1 — Pressure adjusting screw

2

Plug screw

Close the plug screw {2) and observe pressure gauge.
There should be no pressure drop.

Adjust Full-load delivery with boost pressure
applied

Completety back-off high idle stop screw.

Hold the throtile lever against the high idler stop
screw,

At the pump speed and boost pressure given in
“Specifications” turn the fullfoad adjusting screw
{88} Hlust. 392 in or out until the specified gquantity
of fuel is detivered,

Be sure the Q-ring (91} [Hust, 393 is fully seated in
the bore in the aneroid housing.

If the O-ring protrudes, install a shorter adjusting
screw {88).

Adjustment Full-load
Delivery without boost pressure

a} Full load delivery too high:
Back-off the full-load adjusting screw (88} until
full-load delivery is on the upper tolerance limit.

CGES-310-1
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After the correction is made, it is a must to re-
check the full-load delivery with boost pressure
appiied.

b

Full-load delivery too low:
Remove aneroid housing cover.

Recheck distance "F” Hlust. 88 and readjust to
upper tolerance limit if necessary.
F=C—-05x01mm

F=C—.020 x .004 in.

For distance "C" see lilust, 382,

¢} Adjust Full-load delivery limit:
After correction is made, select and install the
proper spacer ring (89) llfust. 393, The screw
should only have an additional 1/3 of a turn be-

fore bottoming on the spacer,

Recheck and Adjust Governor Sleeve Free
“Travel GST"

After adjusting full-load delivery it is necessary to
recheck the travel of the governor sleeve. Proceed
as follows:

Remove aneroid housing.

Remove governor shaft. Hlust, 403, taking care
shim plate (110} and washer {111) do not drop.

Ilust. 403
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Measure and record thickness of pump housing wall
at the governor shaft hole, lilust, 404 i.e. dimension
nz.n

itlust. 406
Measuring length of governor assembly

Hook up governar spring properly and install the
aneroid housing temporarily.

Must, 404
Measuring dimension 2"

Measure total thickness of shim plate (110) and
washer (111} 1llust, 405 and measure the length of
governor (112} Hust, 406,

Add both measurements {lllust. 405 and 4086} to
obtain dimension "Y.""

TR

Must 407

Clamp dial indicator {1) lilust. 407 {1 687 233 012)
to measuring device {2). {KDEP 1089) and fit stylus

extension,
ust, 405 Fit the 100 mm {3.94 in) long extension sleeve (3}.
Measuring total thickness of shim plate {110) Preload indicator {1} to about 15 mm (.59 in) and
and washer {111} zero it, lllust. 407,

CGES-310-1
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Must. 408

Slide extension sleeve (1} through the governor
shaft hale in the pump housing until ‘a resistance is
felt. Apply a light finger pressure to the dial indi-
cator pin, making sure the starting spring {32} [liust,
3 is fully depressed. lllust, 408,

At this point record the dial.indicator reading. Add
100 mm {3.94} to this reading to obtain dimension
Il'x.i.l‘

Example:

Preload of dial indicator
Dial indicator reading

15.0 mm {.59 in})
— 11,2 mm (-.44 in)

+ 3.8 mm {+.15 in)

Difference

Length of extension
sleeve, {3)
Calculated difference

100:0 mmn- (3,84 in)
+ 3.8 mm {+.15in}

103,8.-mm (4.0 in)

Dimension "X

The dimension “"GST" (the.governor free travel) is-
calculated as follows:

GST = X~Y—£

Compare, the, caloulated “GST” with the.specified.

“GST#-given in the “Spacifications” of GSS-1460-3,
or 158-1522.3;

1f necessary, select and.install. the proper plug {117)

fitust. 364, to bring the. calculated “GST" in line.

with “GSTYgiven.in the ["Specifications.”

e,

Proceed as follows:

Remove the anercid housing.

Instal! the goverrior unit and governor shaft as des-
cribed below lllust, 3b7.

Install the anercid housing.

Adjust Charging Pump Pressure and
Advance Piston-Travel

See steps C, C1, and C2, pages 163 and 164.

Adjusting the Preload of Spring (47)
Hlust, 371

At the pump speed given and with the specified
boost pressure applied to the aneroid, correct fuel
delivery. by turning ratched adjusting nut (48),
accessible through hole “A™ Htust. 409,

lust. 409
A — Access hole to adjusting nut {46)

Using a screw driver, turn adjusting nut 46, lllust,
410, to the left to increase fuel delivery and vice-
versa,

N '

Y

Hiust. 410
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TEST EQUIPMENT AND SPECIAL TOOLS

Equipment-Tool Part No. * Application

Clamping bracket KDEP 2819 Servicing the pump on the working bench

Clamp KDEP 2963

Flange 1685 720 062 Servicing the pump on the working bench and
on the test bench

Coupling-Half 1416430012 Cone 7 mm {.67 in}

Coupling-Half 1686 430010 Cone 20 mm (.79 in)

Protection sleeve KDEP 2837 Instaliing O-rings (66) and (70) Illust. 304

Putler hook KDEP 2938 Removing gasket (54) lllust. 304

Pre-Stroke measuring 1 688 130 045 with Checking "PL"" (plunger !ift 10

device KDEP 2931 + extension port closure}

1683458019

Measuring device

KDEP 1032 with dial
indicator 1 687 233 012

Measuring "PSD" (plunger spring dimension} and
"PD" [plunger dimension)

Socket wrench

KDEP 1080

Removing plunger end plug (130) ilust. 304

Adjusting tool KDEP 1082 Instailing governor shaft

Spacer bar KDEP 1084 Measuring dimension "“GST" (goverror sleave free travel)
Socket wrench KDEP 1086 Rermaoving charging pressure regulator

Puller tool KDEP 1027 Remaoving roll pin (4) Illust. 395

Measuring tool KDEP 1088 Checking dimension “C"" lliust. 382

Screwdriver bit KDEP 1090 Loosening threaded washer (35) lilyst. 371
Alignment tool KDEP 1103 Align guide bushing (31) lllust, 371

Puller KDEP 1104 Removing bushing (37} illust, 371

Crush sleeve KDEP 1105 Determining crushing height

Adjusting throttle 1 688 130 132 Boost pressure control (pump fitted with aneroid)
Measuring device KDEP 1089 Measuring "GST'' {governar sleeve free iravel)

Clamping bracket

1688 010010
168801001

Spindle height of test bench 125 mm (4.92 in)
Spindle height of test bench 110 mm {4.33 in)

Test nozzle holder assy.

1 688910 000

One set to 19.6 MPa {2840 psi) opening pressure, and, as
required set to 715.0 MPa {2175 psi) opening pressure

Test nozzle

0681443014

Testing device

1 688 130075

Pressure gauge set with set of fi ttings

Fuel injection tubing
(6 x 2x 840 mm)
{.24 x .08 x 33.07 inch)

1688 750

Same tubing as for VE/VA pump

*Robert Bosch Part Number

CGES-310-1
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246

FUEL INJECTIONPUMP VE ... F ...

107 ——=1 |

Torques in Nm (ibf, in) {*Ibf-ft)

Refer to tllust. 411
38, 40 — Screw

58 — Holder, delivery valve

75 — Nut
83 — Nut
80 — Nut
107 -- Slotted nut
131 — Vent screw
135 — Charging pressure
reguiator
240 — Shut-off solenocid
246 — Fitting

Refer to lliust. 304:
10 — Screw
40 — Screw
60 — Screw
74 — Nut
104 — Dog point screw
130 — Plug, plunger end
136 — Screw, inlet union

SPECIAL TORQUES

135

75

83

rr"“‘: ] 3

|

— )
,

)
=20

38 (40)

Hilust. 411

O
— - =
METRIC| ENGLISH
6-8 5371
35-45 | *26—33
5—10| 44-89
56 44-53
7-9 62—-80
25-30 | “18~22
8-10| 71-89
8-8 71-80
40-45 | *30-33
20-25 | "15—18
2-3 18-27
-8 53-71
11-13| 97-115
5—-10| 44-89
8--10| 71-89
60—80 | "44-59
20251 "15—-18

Refer to Hiust 371:
55 — Screw
53 — Nut
45 — Nut
33 — Nut
35 — Threaded washer
39 — Plug
62 — Vent-screw
136 — Screw, inlet union
{overflow valve)

Without Reference Nos:
Timing pointer screw

CGES-3101
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FUEL INJECTIONPUMP VE ... F .
GENERAL TEST SPECIFICATIONS

Test Bench Conditions

Use sheli Calibration Fluid B

Test oil temperature 40 + 5°C (104 + 9°F)

Fuel feed pressure 20 kPa (2.9 psi)

Nozzle holder ED 8511/9

MNozzle EF EP 182

Fuel injection lines 6 x 2 x 840 mm (.24 x 08 x
33.07in)

Nozzle opening pressure 15 MPa (2175 psi)

Nozzle opening pressure 19.6 MPa {2840 psi) {at
outlet “A" when testing excess fuel for starting)

Fuel Rator Test Conditions

Max. permissible vacuum in tharging pump suction
line — 20 kPa {2.9 vsi}
Fuel temperature in overflow line 50 - 55°C (122 -
131°F}
Fuel Gravity 0.83 kg/1000 cu. cm.
03016/cu. in,

Timing Pointer Setting
Injection begin at T mm (.039in) plunger stroke {lift)
Throttle Lever Setting
A ~ Minimum gap 0.5 to 1.0 mm {.020 to .039 in)

B — Shut-off lever travel 21.5 to 23 mm {.846 1o
906 in)

atb — See Specifications

CGES-3101

THROTTLE LEVER

LOW IDLING

\STOP
SHUT- OFF LEVER

lllust, 412

5. Abbreviations

PL  — Plunger lift to port closure {pumps with pre-
stroke)

PD  — Plunger dimensions {Pumps without pre-
stroke}

PSD - Plunger spring dimension

GST - Governor sleeve free travel

APS — Advance piston, max. shim thickness

DS — Diaphragm stroke

PRINTED IN UNITED STATES OF AMERICA




172

Injection Nozzle and Nozzle Holder {flange mounted)

GG

Hiust. 413
Exploded view of nozzle holder assembly

1 — Hollow screw
2 — Locking cap
3 — Adiusting screw

4 — Spring seat
B - Spring
6 — Spindle

7 — Nozzle holder body
8 — Holder nut
9 — Nozzle assy

10 — Inlet fitting

11 — Filter bar

General

The nozzle used is a direct injecting type, meaning that
it injects fuel directly into the combustion chamber.

The nozzle serves the purpose of controlling the spray
pattern and finely atomizing the fuel, plus serving as a
hydraulic valve to block fuel remaining in the injection
lines after injection has ceased,

Fuel metering, timing, and pressurization {pumping} is
controlled by the injection pump.

The nozzles are in the cylinder head, within a brass slee-
ve insert that passes through the coolant passages. The
nozzle is therefore cooled by both the diesel fuel supp-
lied to the nozzle and the engine cooling system. |liust,
413 shows the basic parts of the nozzle.

Note: The nozzle needie and its seat are ground with in-
terference angle. This Is desirable to insure positive and
immediate seating.

These precision ground surfaces do not lend themselves
to lapping in the field servicing of these nozzles.

Nozzles can usually be cleaned by ‘‘sosking” them in a
cold decarbonizing solution. The nozzle need not be dis-
assemnbled. Place it in the solution for two hours. When
removed, the nozzle should be flushed and tested.

The large area of the needle is subjected to the pressure
from the injection pump as it enters the fuel pressure
chamber, This is opposed by the nozzle valve spring to
control pressure at which the valve lifts from its seat.
Return fuel which escapes past the needle serves to lu-
bricate and help cool the needie and guide.

The "Chattering’’ present in “jerk" pump hench testing
is the result of injection taking place in a rapid series of
sharp bursts, The valve seats and unseats at 3 rapid rate,
which insures that fuel is emitted from the orifice ports
at a speed high enough to keep the nozzle tip dry.

Note: “Chattering” will not occur in every nozzle and
therefore cannot be taken as an indication of good or
bad nozzle performance.

Injection performance can only be judged by proper
spray pattern at the correct opening pressure with no
leakage from nozzie tip.

Testing the nozzle with a test pump of insufficient capa-
city will not give a true duplication of injection, thus in-
dicating a bad nozzle. The lack of sharp injection when
test pump is of sufficient capacity indicates that the
nozzle valve is lifting to pass the fuel being supplied. In
an engine, a nozzle which reacts this way would result in
a "dribbling"”, accompanied by insufficient velocity to
clear the orifices with result smoke and loss of power.
Check the injection nozzles first after 250 operating
hours and recondition after every 1500 operating hours,
(or earfier If necessary} Nozzles should be serviced when
evidance of a sudden increase in exhaust smoke or loss
of power are present, Do not overlook the possibility of
a restricted air cleaner or other fuel systern problems.

CGES-310-1
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High pressure fuel

Return fuel
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/

Interference angle

@ Orifice holes

N X
Differential pressure
Adjusting screw Nozzle body reaction area

Spring seat

> v’
\ N e
/ Locking cap :///
iy

Fuel return ;
7
7
'r'

From pump —

Specifications

Nozzle opening pressure

Spindle Holder nut Fuel pressure

chamber {*“Sac™)

{

N

|
— r— )
N ***W%?% ~

Orifice holes

BRI RNEN
\\

Nozzle valve
bady
Nozzle volve
[(Needie)

FESM-3537

llust. 414

fice can penetrate human skin, causing severe injury:
20-21 MPa
{2845—3000 PSI)
Nozzle Testing

For torgue foad, refer to “Special bolt and nut torque

data’’,

Nozzle Service

Caution: High velocities of fuel emitted from the tip ori-

Most nozzles can be serviced and replaced without dis-
assembly. Put the assembled nozzle in a container of
decarbonizing solution for at least one hour; longer if
possible. Remove, wash and *"flush’’ with a tester. Then
test as follows:

CGES-310-1
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FES 72.]1 ——»

FES 72-2

FES 71A

———
llust. 415 FES/M-1454 4
Testing nozzle opening pressure

Connect the nozzle to the test pump, F ES 71A, using
F ES 72-1 line and F ES 72-2 connector, see Hiust, 415,

Use clean fuel and operate the test pump with rapid
complete strokes {4-6 strokes per second}, Check that
all orifices are clear and a compact, symmetrically and
completely atomized spray pattern cone without lateral
“Flags’” should emerge from the orifice holes of the
nozzle tip. The spray should show no sign of ““dribbling”
between strokes.

Nozzie tip £
covared 4
N

| &

FESM-1465

Hlust, 416
Checking stem ieakage

Check nozzle opening pressure, Refer to “‘Specifications’
for proper opening pressure. Slowly depress the test
pump handle until the spray pattern emerges. This is the
opening pressure.

Dry the valve tip and raise the pressure to 1.9—2.1 Mpa
{2756 to 300 PSI) below the opening pressure. Visible
wetting of the tip after 10 seconds at this pressure is per-
missible, but drop formation is not;

Invert the nozzle on the tester and cover the tip, see
ust. 416. Pressurize to 1.9-2.1 MPa {275 to 300 PSI)
below the opening pressure, Leakage out of the return
line port should not exceed 10 drops per minuta.

At one stroke per second of the test pump the spray pat-
tern will be coarse and may occasionally appear as non-
atomized streams. At a faster stroking rate the spray pat-
tern will be compact and fully atomized,

inspection and Repair

_, Mozzle

* Rolder nut

Bedy

FESHM-1465

llust. 417
Removing nozzle holder nut

if it has been determined that disassembly is necessary,

clamp the nozzle assembly in a vise as shown in lHust,
417. Remove the nozzle holder nut, see Hust. 417,

Nozzle
tip

FESM-TL4T

Hlust. 418
Nozzle tip removal

CGES-310-1
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Lift the nozzle tip with nozzle valve from the nozzles
body. See Hiust. 418,

tock nut

FESM-14608
Hiust. 419
Removing adjusting locknut
Adjusting
screw
Spring
\g.‘/ /
/ Spindle
Spring zeat %
FESM-T469

llust, 420
Nozzle adjusting screw and spring assembly removed

invert the nozzle body and loosen the adjusting locknut,
See Nlust. 419, Remove the adjusting screw, spring seat,
spring and spindle. See lllust, 420.

Remove the nozzie iniet fitting,

Inspect the mating surfaces of the nozzle body and
nozzle tip face for cracks, scratches or other surface con-
ditions which may cause leaks. Use F ES B-1 (PL.T-369-1}
magnifying glass to examine the pieces.

tnspect the holder nut for cracks The gasket surface
must be smooth and free from nicks.

Inspection of the nozzle valve and seat is best accompli-
shed by a leakage test.

175

Note: Lapping the seat is not recommended. Excessive
leakage requires a new valve assembly,

Reconditioning

Note: DO NOT scrape carbon from any surface of the
nozzle with any hard object, such as a revolving steel
wire brush, as it may damage the parts,

Put the disassembled nozzle in a container of decar-
boenizing solution for at least two hours.

Clean inside the orifice end of the nozzle tip with a woo-
den cleaning stick. The smalt holes in the tip may be
cleaned by inserting a cleaning wire of the proper size,
held in a pin vise. The cleaning wire should be slightly
smaller than the size of the holes in the tip. Care must be
taken in cleaning of these holes to prevent breakage of
the wire in the hole, as it is difficuit and very often im-
possible to remove the broken wire.

Clean the inlet fitting, filter and nozzle vaive body.

Reassembly

Thoroughiy wash both valve and valve seat in clean die-
sel fuel before reassembly.

It the valve stem is lifted approximately 1/3 of its length
out of the nozzle tip {with a twisting motion), it should
slide back to its seat under its own weight,

Do not interchange the nozzle valves and seats. To avoid
interchanging, dismantle and reassemble one nozzle at a
time.

Set the nozzle tip on the nozzle body and insta!l the hol-
der nut,

[nvert the nozzle bhody in the vise. Install the spindle,
spring, spring seat and adjusting scraw. Install thejinlet
fitting, '
Test and adjust nozzle,

Installation

Place the sealing G-ring approx. 6 mm (.24 in.) above the
nozzle holder nut, then install the nozzle holder,

Make sure the O-ring is not twisted.

CGES-310-1
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llust. 422

IMust. 421 Checking protrusion of nozzle tip
i — Nozzle holder seat capped up Check the protrusion of noz;le tips, if nozz!e holder in-
2 _ Nozzle holder serts are replaced or the cylinder head sealing face has

been reworked, A dial indicator reading of 2.5—3.6 mm
(.10 to .14""} is acceptable,

Tighten the stud nuts in two steps to specified torque. After the cylinder head is installed test run the engine to
See “'Special Nut and Bolt Torque Data.” see the cold engine works at low idle without misfiring.

Injection Nozzle and Nozzle Holder {crab mounted)

1 — Nozzte holder body

2 — Shims
3 — Spring
4 ~ Spring seat
5 -- Spacer
6 — Nozzle

7 — Heat protection sleeve
{if s0 equipped)
8 - Holder nut
9 — Locating pins
10 — Inlet connections M12x1.5
11 — Fuel return hole port, tapped MB

illust, 423
Sac Hole Orifice Hole
‘Nozzle A-—Dia {mm)l{inch) B—Dia (mm}{ifich) C—Gap {mm}{inch)
DLLA 1508716 1.0 {.04) 027 {.010)
DLLA 150 S836 1.0 {.04) 0.27 {010} 0.1-045
DLLA 150 S 690 1.2 {.05) 0.29 (.011) icheck before mounting)
DLLA 1608815 1.0 (.04) 0.29 (.01
DLLA 150 8V 12543 1.0 (.04) 0.29 {01 ﬂ (.004—.018""}
DLLA 150 5V 3114305 1.0 {,04) 0.29 {011}
DLLA 1505728 1.2 {05) 0.31 {012}
DLLA 160 S 843 1.0 (.04} 0.31{.012)
DLLA 1B0S 717 1.2 {.05) 0.34 {013)
X DLL 18052641 1.0 {.04) 028 {.011)
X DLLA1BD S 417 1.2 (.05} 0.20{012)
X = Flange Mounted Nozzles
CGES-310-1
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Nozzie Holder Combination

177

Nozzle Holder Nozzle Holder Nozzle Opening Pressure
Assembly Type — No, Type — No. I.H. Number kPa pst
3218 320 R91/R92*} KBEL8454/13 | DLLA 15058717 3218321 R1 | 2400024800 | 3480—3600
3218246 RO1/R92 | KBELB4S54/13 i DLLA150S716 3218 248 R1 | 22500—23300 | 32603400
3218 246 R93 KBEL 84 S54/13 | DLLA 150 5836 3218 248 R2 | 22500-23300 | 3260—3400
3218249 R91/R92*| KBEL8454/13 | DLLA 1505716 3218 248 R1 | 22560023300 | 3260—3400
3218 249 R93* KBELB8454/13 | DLLA 1505836 3218 248 R2 | 2260023300 | 3260--3400
32182560 R91/R92 | KBEL 84S4/13 | DLLA 150 S 690 3218251 R1 | 22500—23300 | 3260—3400
3218 250 R93 KBEL8454/13 | DLLA 1505 815 3218251 R2 | 22500—23300 | 32603400
3218252 R91/R92*| KBEL. B4S54/13 | DLLA 1505 690 3218251 R1 | 2250023300 | 3260—3400
3218 252 Ra3* KBEL8454/13 | DLLA 1605815 3218 251 R2 | 22500—23300 | 32603400
3218253 RO1/R92 | KBEL 8454/13 | DLLA 150 S 680 3218251 R1 | 2400024800 | 3480--3600
3218253 RE3 KBEL8454/13 | DLLA 1505815 3218251 R2 | 24000—24800 | 3480—3600
3218254 R91/R92*] KBEL84S4/13 | DLLA 1505 728 3218 255 R1 { 2260023300 | 3260—3400
3218 254 RO3* KBEL 84 S4/13 | DLLA 150 S 843 3218 255 R2 | 2250023300 | 3260—3400
3218299 R91/RY2 | KBEL8454/13 | DLLA 1608716 3218248 R1 | 2400024800 34803600
3218 299 RY3 KBEL 84 54/13 | DLLA 150'5 836 3218 248 R2 | 2400024800 | 34803800
3218492 R91/R92*| KREL 8454/13 | DLLA 1605 728 3218 2565 R1 | 24000—24800 | 3480—3600
3218 492 RO3* KBEL 8454/13 | DLLA 150 5 843 3218 255 R2 | 24000—24800| 34803600
3228001 RO1 KBEL 8454/13 | DLLA 150 SV 12543 3228 002 R1 | 2250023300 | 3260—3400
3228 159 RN * KBEL8454/13 | DLLA 150 S 836 3218 248 R2 | 2400024800 | 3480—3600
3228 167 R91* KBEL8454/13 | DLLA 1505815 3218251 R2 | 2400024800 | 3480—3600
4316 276 R91 KBELL8454/13 | DLLA 1505V 3114308 { 4 316 277 R1 | 20000--20800C | 2900—3020
30565 422 R92+# KBL. 90 S 104/4 | DLL 180 S 2641 3 055 426 R92] 20000—-20700 | 2900~3000
3055 423 R93# KBL90S 104/4 | DLLA 150 S 417 3 055 428 RO2| 20000-20700 |.2900—3000
3 144633 RO1 # KBL 90O S 176/4 | DLLA 150 S 417 3 055 428 R92| 20000207001 2900—3000

H#

# = Flange mounted

Note:

= With heat protection sleeve

For testing and reconditioning, see “'Injection
Nozzle and Flange Mounted Nozzle Holder,”’

Voeas 9

For nozzle opening pressure, see “Nozzle Holder Com-
binations’* above, see also (9) llust. 425,

Disassembly

lHust, 424
Removing holder nut

Qe

8 43 24

Hlust. 425

1 — Nozzle holder body
2 —Shims

3 — Spring

4 — Spring seat

5 — Spacer

6 — Nozzle

7 — Heat protection
sleeve (if equipped)

8 — Holder nut

9 — Marking on nozzie
holder

The components of the nozzle holder are accessible after
the holder nut is removed. Hlust, 424 and 425.

To avoid mix ups of mated parts disassemble only one
nozzie holder assy, at a time.

CGES-310-1
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Reassembly and Installation

47

Hlust. 426
1 — Nozzle holder body
2 — Shims
3 — Spring

4 — Spring seat

On reassembly, place shims (2) )lust, 426 (as found on
disassembly} into the spring recess.

Install the remaining components in the sequence (3—8),
shown in llust, 423 or 425,

Tighten the holder nut to 60 Nem (44 Ibf-ft) of torque.

Test and adjust nozzles.

Shims for adjusting opening pressure are available in
thickness of 0.5 mm {,020"}, 0,526 mm (.021"%), 0.575
mm {.023"}, 0.60 mm (.024"}, 0.70 mm {.028'), 0.80
mm (031"} and 0.90 mm {.035")

A shim stock difference of 0.025 mm {.001"} will change
opening pressure by approximately 400 kPa {58 psi).

Clean sleeves in cylinder head and install nozzle holders
using new O-rings.

Make sure hollow screws, arrows lllust. 427, show to the
valve cover,

lilust, 427

Place the nozzle crabs into position and install the dish-
ed washers and crab boits.

Tighten the bolts to 25 Nem (18 Ibf-ft) torgue, using a
torque wrench.

Connect the fuel supply pipes and the leak fuel return
line to the nozzle holders.

Torgue pipe union nuts to 23 Nem (17 Ibf-ft} and the
fuel return hollow screws to & Nem {44 Ibf-in).

Tast run the engine.

CGES-310-1
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FUEL FILTER

ilust. 423
1~ Primary filter 5 — Final fifter
2 — Cap nut 6 - Cap nut
3 — Retainerbolt 7 — Retainer bolt
4 — Drain screw 8 -~ Drain screw.

liust. 429

1 — Water trap
2 — Transparent bow!
3 — Vent screw
4 — Drain screw
5+6 - Fuel lines

Most engines are equipped with a dual filter unit and a
water trap.

Filters are either of replaceable element or throw-away
cartridge type.

Instructions on servicing fuel fitters and the water trap
are contained in the Operator’s Manual of the respective
machine,

A special filter (watch dog) is recommended for severe
operating conditions and poor quality fuel, see parts ca-
talog for details, The watch dog filter is fitted below the
injection pump as a final stage, befora the fuel enters the
pump.

This watch-dog filter is seaied and should only be changed
in the workshop when the engine is being overhauled.

Be sure to seal the filter again to prevent field tampering,

Should, in exceptional cases all fuel filters be restricted,
so that engine power is affected, it may be necessary to
change the watch-dog filter sooner.

However, it is best to leave this filter undisturbed,

CGES-310-1
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FEED PUMP

Ihust. 430

Engines are regularly equipped with feed pumps, llust.
430 when fuel tanks are located below the injection
pump level and fuel cannot, therefore, flow by gravity to
the injection pump.

Where special operating conditions (steep gradients) re-
quire, a feed pump may be installed subsequently to as-
sist the natural gravity feed and to assure a positive fuel
supply to the injection pump under varying conditions,

The fead pump is a diaphragm-type pump driven by the
engine camshaft, It can also be operated manually on
hand lever (6} to fill the fuel system or for venting pur-
poses.

A filter screen is installed in the feed pump to primarily
filter the fuel from the fuet tank. When servicing the en-
gine it is good practice to remove the filter screen. Use a
soft brush and carefully clean in Diesel fuel. On reas.
sernbly make sure all parts seat properly to avaid leaka-

ge. Install a new feed pump if the diaphragm is damaged
or the operating mechanism is defective.
Install plug {11} using liguid seaier.

Note: The fuel feed pump is attached to the crankcase
side cover by means of an additional flange with two
studs. To prevent dropping the flange into the crankcase
on removal or installation, stud nuts should be cauti-
ously removed and installed respectively.

INJECTION PIPES

Injection pipe failures can in most cases be traced to
taulty assembly, Due to engine vibrations or to pressure
fluctuations caused by the pump, fuel lines may vibrate
and chafe through on contact points, If injection pipes
are twisted or installed under tension their life period is
reduced considerably. Such fines tend to become brittle
and leaky,

With union nuts loosened, connecting cones must be ex-
actly in alignment with their counter cones, Bend the
lines slightly, if necessary.

Clean lines thoroughly before installation. Do not remo-
ve protection caps from new lines prior to assembly,

VENTING THE FUEL SYSTEM

To facilitate starting and to assure proper operation of
the engine the fuel system must be free from air.

If parts of the fuel system have been disconnected or if
the fuel tank has been allowed to run empty, thereby
permitting air to enter the system, it will be necessary 10
vent the fuel system starting from the fuel tank towards
the injection pump step by step,

Refer to respective " Operator’s Manual’’ for details.
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TUNING--UP

General

Engine tuning is an important factor in securing maxi-
mum power and operating economy,

To assure full engine power output strictly observe the
following:

Timing Gear Train

Iust, 431

1 — Crankshaft pinion

2 — \dler gear

3 — Injection pump drive gear

4 — Camshaft drive gear

5 — End play of idler gear =
0.20-0.33 mm {.0078—.0130")

[Hust. 431 shows the gear train of a 6-cyl.-engine with
piston number one on compression TDC,

On all engines the timing marks of gears (1} and (4} must
be in line with the timing marks of thz idler gear {2).

The injection pump drive gear {3) is marked with num-
bers 1 up to 6.

Note: Marks on injection drive gear are for easy assem-

8 — End play of camshaft =
0.09-0.44 mrn {.0035-.0173"}
7 ~ Scribe mark on pump flange (displared)
8 — Front plate
9 — Injectian pump hub
10 — Idler gear carrier

bly. it is not essential that the timsng marks of injection
pump drive gear he aligned for proper timing.

If the engine is on number one compression at the spaci-
fied static timing and the injection pump is installed
with the timing peinter at the scribed fine on the face
cam, the pump will be "'timed"".

However, the following timing chart should be used to
facilitate gear installation.

CGES-310-1
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Injection Pump
Checking Static Timing
1. Position the engine on the compression stroke

number one cylinder {Intake and exhaust valves
are closed).

2. Turn the crankshaft in direction of rotation until
the timing pointer {1} is in line with the specified
timing mark (2} on the graduation, lilust, 432,

ltust, 434

1 — Pointer on roller ring
2 — Scribe line on face cam

With static timing correct, both pointers {Iliusts. 433 and
434) must be in line with their respective timing marks.

NOTE: On EP/VA pumps the face cam has a second
scribe line marked with letter L, Do not use this
scribe line for adjustment.

Installing (Adjusting) the VA Injection Pump

The engine must be in static timing position, Refer to
{Hust 432 step 1 and 2 and Illust, 432.

1 ~ Pointer

Proceed as follows:
2 — Graduation on the front pulley

Remove cover plates of the injection pump (Hiust, 434)

For static degrees of the respective engine, see timing and of the front cover (lllust, 437).

chart, E

Read the graduation on the fron t pulley as outlined in

Ilust. 433,
, DCil -« [l T 120} 8
f i T 1 4
Ji Y 1 1 N
T ¥ ;
1 2 3
' Hliust, 433
One graduation mark = 2° ‘.
ust, 435
1 — TODC mark .
2 - 100B8TDC 1 — Engine front plate
3 - 200BTDC 2 — Gasket

3. Remove the lower cover plate of the injection pump,

Apply liquid sealer to both sides of new gasket (2).
IMlust, 434,

CGES-310-1
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fHust, 436

1 — Stud nuts {two)
2 — Washers {two}
3 — Wrench, with extension

Place woodruff key into keyway of injection pump drive
shaft.

Turn keyway in 11 o’clock position,

. Install pump, taking care washers {2}, lllust. 436 cover
“-slotted holes of pump flange evenly, i.e. the pumpis level.

Tighten stud nuts (1) to 24 Nem (18 1bf-ft).

NOTE: Since the idler gear is a walking gear, proper
timing alignment {2) 11lust, 437 will not always be noted.

Hlust. 437

1 — injection pump drive gear
2 — Timing marks

Make sure the timing mark (2} of idler gear aligns with
the specified figure on the drive gear (1) Hlust. 437 as
cutlined in the timing chart for injection pump drive
gears,

If the engine is on number one compression at the speci-
fied static timing and the injection pump is installed
with the timing pointer at the scribed line on the face
cam, the pump will be “timed””.

However, if the complete timing gear train has been
removed, the timing of the gear train must be reset as
shown in lllust, 431,

Q@
in
3
&

liust, 438

1 — Hub

2 — Hub retainer bolts, with washers
3 — Keyway (in 11 o'clock position}

Install hub (1).

Tighten bolts {2} slightly.

2 1
Hlust. 439

1 — Hub

2 — Hub retainer nut, with lock washer

3 — Bolts, hub to gear

Instail tock washer and nut (2).

Block the engine and tighten nut {2} to 65 Nem (48
I f-ft).

Loosen bolts (3}.

CGES-310-1
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Hlust. 440
Adjusting the Injection Pump

Turn the injection pump drive shatt until the pointer on
the roller ring is in line with the scribe mark on the face
cam {lHust, 434).

At this point tighten hub retainer bolts slightly, Hlust.
440,

Block the engine and tighten the retainer bolt to:

iststep 15 Nem {11 [bf-ft)
Final step 27 Nem (20 Ibf-ft)

Finally make sure that both timing pointers:

a} on the front pulley
and
b) on the roller ring are in line with their respective
marks as specified,

NOTE: If the injection pump drive gear timing number
is not known, the following procedure applies:

Bar engine to position number one piston on compres-
sion at the specified static timing. Install injection pump
with the pump timing pointer in line with the scrihed
line on the face cam Illust. 434, The pump will now be
timed.

Checking VA Injection Pump Timing with Dial
Indicator

Before checking injection pump timing the engine must
bea in static timing position.

See "‘Checking Static Timing”,

ilust, 441

1 — Dial indicator
2 — Pointer on roller ring
3 — Pointer on engine front cover

1. Using a suitable fitting rest the stylus of the dial
indicator on the face of the distributor plunger.
Pre-load 1 — 2 mm (.04 to .08""), Hlust. 441,

2. Slightly turn the crankshaft to and fro to find the
bottom dead center of the distributor plunger.

3. With the distributor plunger in BDC zero the dial
indicator,

4. Turn the crankshaft in direction of rotation until
the pointer {3) is in line with the specified static
timing mark on the front pulley,

Note to paragraph 4, prevent reading errors!

a) Be sure your eye is in line with timing pointer {2) and
graduation mark on pulley {1} in a vertical position.

b} Be sure your eye is in line with timing pointer {3} and
seribe line on face cam (4} in a horizontal position.

5. In this position the dial indicator reading should be
1.0 mm (.0394") and the pointer {2) should be in line
with the scribe mark on the face carm.

NOTE: If pre-stroke travel of the distributor plunger
{1.00 mm) is correct, the pointer (2) may be readjusted
as necessary.

Valve Lash Adjustment

To adjust valve lash, use the simplified procedure as out-
lined in the following Hiusts. 442 to 444,

All valves can be adjusted by cranking the engine only
twice.

CGES-310-1
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3-Cylinder Engines

QNT 1T 2 3 4 5

6
Niust. 442
Numbering sequence of the valves which correspond
to the chart
4—Cylinder Engings
With Adjust Valves {Engine Warm)*
No. 1 Piston at T.0,C, {Compression) | 1 | 2 4|5
No. 4 Piston at T.D.C. (Compression} 3 61718

Hiust. 443

6—Cylinder Enginss

‘CCEL-VD

With Adjust Valves {Engine Warm) *
No. 1 Piston at T.D.C. (Compression} | 1 2 4 5
No. 1 Piston at T.D.C. (Exhaust) 3 8
‘eeLvVo

Must, 444

Note: Even numbers are intake valves, uneven numbers are exhaust valvas.

* Qperating temp

erature

CGES-310-1
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Hiust. 445
Adjusting Valve Lash
Engine at Standstill}

1 — Valve lever, exhaust
2 — Valve lever, intake

3 — Feeler gauge
4 - Adjusting screw and
iock nut

The valve lash should be adjusted with the engine warm.
Adjust intake and exhaust valves to 0.30 mm (.012").

To adjust a valve, loosen the lock nut on the valve lever,
and insert a feeler gauge between the valve lever and
valve stem. Turn the adjusting screw to hold the feeler
gauge snuggly, then while holding the adjusting screw
firmly, tighten the lock nut. Then check the clearance
once more,

NOTE: If valve lever adjusting screws (4) Itlust. 445 are
self-clamping and do not have lock nuts, they must turn
with more than 168 Nem {12 Ibf-ft) or a new screw, or
new valve lever or both should be installed since it is
possible that the screw will work loose.

Valve Timing

Valve timing is taken care of by the markings on timing
gears of engine, Hlust, 431.

If in doubt, valve timing can be determined by checking
only one valve. If the timing on the valve is within speci-
fication the other valves, barring extreme camshaft lobe
wear or poor adjustment, will be in time.

One procedure for checking valve timing is as follows:
1. Adjust the No. 1 intake valve. with the engine set
at No. 1 top dead center cumpresson stroke to 0,36

mm {0.014 in.) valve lash,

2. Turn the engine forward to approximately bottom
dead center.

3. Place a 0.10 mm {0.004 in.) feeler gauge between the
valve lever and valve stern of the No. 1 intake valve

187

and slowly rotate the engine forward until the feeler
gauge becomes tight. This is the point at which the
No. 1 intake valve starts to open which should be 28
degrees * 3 degrees before top dead center, (See
NOTES 1 and 2).

NOTE 1: This valve opening figure will not agree with

specified valve opening. This figure is provided for
checking purposes only.

NOTE 2: One tooth “out of time” equals approxi-
mately 11 degrees.

4, Readjust the No. 1 intake valve to its proper tash of
0.30 mm {0.012 in.}.

Valve timing can also be checked with a dial indicator
as follows:

1. Check valve clearance.

2. Adjust the No. 1 intake valve with the engine set at
No. 1 top dead center exhaust stroke to 0.30 mm
{0.012 in.). [Exhaust valve beginning to close and
intake valve beginning tc open.]

3. Position dial indicatar on eylinder head and set stylus
against valve spring retainer seat of number 1 intake
valve,

4. Adjust dial indicator to zero.

5, Rotate the engine to obtain maximum valve opening.

6. Read valve opening TDC-maximum on dial indicator.

7. Timing is correct when reading is 10.10 to 10.25 mm
{.398 10 .404 in.).

8. With 1 tooth out of time a reading of either 9.00 mm

(.354 in.) (early} or 10.60 mm {.417 in.) {late) will be
obtained,

CHECKS
(Checking without {H—Diagnostic Center)

Wherever possible use IH Diagnostic Center for maxi-
mum convenience and economy.,

if this equipment is not available check as shown below.
Fuel System

Refer to checks and adjustments as outlined under *'Fuel
System”.

Compression

It is good practice to check compression before and after
a repair to obtain comparative values,
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Must. 446
Checking Compression

Run engine to warrn up {operating temperature}. Be
sure battery is fully charged.

Disconnect fuel supoly and return lines.
Remove s nozzle with holder,

Connect-up compression gauge with adapter as shown in
Hust, 4486,

Crank the engine with the starting motor and take a
compression eading.

An engine repair is recommended if:

a) Compression readings of individual eylinders differ by
more tharn 0.25 MPa (36 PSI}.

b) Compression readings are below 1.8 MPa {255 PSI),
Lubricating Qif Fressure

If the green oil pressure controt lamp on the instrument
panel lights up during engine operation, it is good prac-
tice 1o check oil pressure with a reliable pressure gauge.
Connect pressure gauge, range

0 — 1 MPa (0 — 150 PSI) to the main oil gallery.

With engine at operating temperature read the oil pres-
sure at low idle and rated speeds.

Compare readings with “Technical Data”.
Probable causes for insufficient oil pressure:

Bearings excessively worn

Oil pump worn

Relief valve or relief valve spring damaged
Suction line leaking

Suction screen clogged, insufficient oil level
Diluted engine oil

tust. 447
Checking Lubricating Oif Pressure

Air Cleaner Resiriction
Connect a vacuum gauge o the intake manifold.,

PHIGH

Hust. 448
1 -- Intake manifoid

2 — Test connection

With the engine at operating temperature take a reading
at rated speed,

H maximum restriction valuss are exceeded replace the
air cleaner element.

Check service indicator, vefer to “Chassis Manual’™,

Boost Pressure {Turbocharged Engines)
Connect pressure gauge to intake manifold,

Check boost pressure against specification listed in turbo-
charger section.

Causes for insufficient boost pressure:
Excessive air cleaner restriction.
intake and/or exhaust manifald leakages.

Damaged turbocharger.

CGES-310-1
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Crankcase Pressure

NOTE: For measuring crankcase pressure use orifice
restrictor PLT-554 for DT-358 and DT-402 engines. For
all other engine models use PLT-556,

1.03 cm
(.406 in}
ORIFICE
703 em

| (277 in)
|- oo ORIFICE

CG-7688
Hiust. 449
Orifice Restrictor Tool

The restrictor is used to measure combustion gas flow
out of the engine breather and is used with water mano-
meter PLT-302-8.

Follow the procedure below to check crankcase pressure,
then refer to crankcase pressure chart in Technical Data
to interpret readings.

NOTE: Refer to Operator’s Manual for proper servicing
intervals of breather element.

Operating Instructions
1. Park vehicte on level ground,

2. Breather tube must be free of ohstructions and ele-
ment free of sludge.

3. Engine oil level must not be above full mark.

4, MACHINES WITH HAT-TYPE BREATHER: Remove
the breather. Install the adapter tool {Illust. 450)
using the O-ring and clamp to insure that all blow-
by gas passes through the adapter.

5. Attach crankcase.breather restrictor to breather out-
let or adapter.

8. Connect one leg of water manometer 1o pressure tap
of restrictor assembly with other end open to atmos-
phere,

7. Operate engine to establish normal coolant operating
temperature 76.7° — 83°C (170° — 200°F),

189

;
|

508 mmp. |
2648 omp, | BRAZE ALL 20 m i

{10 in) AROUND \ :
44 45 mm -
1 (375 i} O
! BRAZE ALL
— _— —_ ] -+ AROUND

3!.?5| mm J
l
|

78.2 mm .
T (a0 A

{1.25 in)

CUT FROM
BREATHER FILTER

| 436 mm

o |
™ eam ™ ™
|

! CG7687

Hiust, 460
Adapter for use with engines equipped. with Flat-Type
Breathers (make locally)

8. Operate engine at HIGH IDLE SPEED, NO LOAD.

9. Observe manometer reading for approximately twa
minutes and record average reading {manometer read-
ing will fluctuate},

Engine Run-In Schedule

NOTE: Do not run the engine at low or high idle speeds

for long periods after installing new rings or slesves, as

rings will not seat during idle operation.

The first few operating hours after a re-ringing or re-

sleeving job are crucial for the service life of new parts,

efficiency of the engine and economy in oil consumption,.

The following steps as detailed below should be ohserved:

Start

Prior to starting make sure that:

a} all bearings are pre-lubricated (see betow).

b} the crankcase is filled with specified engine oil.

¢) the cooling system is filled to correct level,

d} Precautions for alternator operation are observed.

Priming Lubricating System

NOT.: Diesel engines must not be rotated when priming
with oil; otherwise, they are likely to start running.

When assembling the overhauled engine, it is necessary
to thoroughly lubricate the various running parts with
clean engine oil to assure initial lubrication when engine
is first started. However, to further make certain that
complete initial lubrication is available, the engine
lubricating systern should be pressure primed or charged

CGES-310-1
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with ocil. Attach the line from a priming device to a
suitable fitting located in the main oil gallery, filter
header or oil cooler of the engine and inject sufficient
oil into the engine to fill the oil filters and charge the
entire system. Use only clean engine oil in accordance
with Operator’s Manual. New or overhauled engines that
have been in storage over an extended period should also
be primed in a similar manner.

After the priming procedure is completed, make certain
that the oil level is checked before the engine is putinto
service. Do not overtill the engine; neither should the
engine be short of oil as a result of using the pressure
priming procedure.

Priming the engine will minimize the possibility of

scuffing or heat build-up in the running components

which could lead to immediate or low mileage failures.

Run-in

1. Start and run the engine at 3/4 rated engine speed
with no load, until operating temperature (80 — 85°C)
is reached, cover the radiator if necessary. DO NOT

ren for over 10 minutes.

2. Retorque cylinder head bolts.

IMPORTANT

BO NOT run the engine lenger than 15 minutes
before retorquing cylinder head bolts.

3. Continue according to the following chart.

With Dynamometer

Engine Load Time
RPM % minute
1000 40 5
2000 50 b
rated speed 80 10
100 below rated speed 50 10
Without Dynamorneter
Engine
RPM Load Time
3/4 of rated none 1st hour
3/4 of rated light 2nd hour
3rd hour
Medium full 4th hour

After Running-in

Retighten manifold bolts and/or stud nuts,
Check valve clearance and readjust as necessary,
Handing Over the Engine

In the presence of the operator check engine oll level
and coolant fevel, Test run the engine. Point out to the
operator that the overhauled engine is to be treated in
the saine was as a new one,

In the presence of the operator check engine oil level
and coolant level, Test run the engine. Point out to the
operator that the overhauled engine is to be treated in
the same wayas a new cne.

NOTE: Re-torquing of cylinder head bolts in the field is
not necessary when the new “Maintenance-free’”” cyl-
inder head gasket has been instalied. This new gasket
can easily be identified by its red plastic borders around
the oil and water sealing faces; refer to Hlust. 60.
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ELECTRICAL EQUIPMENT 9

General

Engines of our present tractor line are equipped with the
Bosch alternator G1-14V28A22,

This machine has a piegy-back mounied transistorized
voltage regulator (12} and is protected by a load dump
“Zener” diode {42) Illust. 451.

Previously tractor engines were equipped either:
a) with the same alternator as above but using a sepa-

rate, mechanical type voltage regulator and no
load dump device.

bl with D.C. generators having 11, 16 or 20 Amps
autput.

Alternators used on construction equipment are usualfy

of the K1-14V35A20 model or, where high power re-

quirernents demand, the K1—14VE5A20 model, using a

separate mechanical type voliage caqulator.

The starting motor is normally of the Bosch type JD12V
giving 3 kW output,

Some of the eartier 3- and 4-cylinder engines used the
1.8 kW Bosch starting motor especially in warmer clima-
tes.

tHust. 451
“G1" alternator, with piggy-back voltage regulator
and {oad dump diode

1 — Stator 9 — Washer 27 — Diode plate
2 — Drive end frame 10 — Scraw 28 — Screw

3 — Rotor 11 — Slip ring end frame 29 — Lock washer
4 — Slip rings 12 — Piggy-back voltage regulator assy 30 - Washer

5 — Ball bearing 13 — Brush set
6 — Retainer plate
7 — Screw

8 — Lock washer 23 — Gasket

14 — Brush holder
15 — Ball bearing

42 — Load dump diode
51 — Rotor parts, set
52 — Terminal parts, set
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General

The following alternator and regulator assemblies have been fitted to meet power requirements with various engine
applications.

I1)
*1)
*1)
*1)
*2)
*2)
*3)
*3)
*4)
*3}

12-

G1-14V 28A 22
G1-14V 28A 22
G1-14V 33A 27
G1-14V 33A 27
K1-14V 35A 20
K1-14V 5BA 20
K1-14V 55A 20
K1-28V 27A 23
K1-28V 27A 23
K1-28V 45A 27

3 144 924 RO
3 144 907 R91
3218 239 RN
3218577 RN
3136412 RN
3139172 R91
3218544 RO
3 218 884 R91
3144 930 R92
3144 988 R92

*1)

*2)

Hlust, 452

With piggy-back transistorized voltage regulator
and load dump diode (system protection).

With separate one-element-two contact voltage
regulator,

With piggy-back transistorized voltage regulator
and capacitor.

With piagy-back transistorized voltage regulator.

GA-3519A.

"K1" Alternator

1 — Stator 13 — Brush, set
2 — Drive end frame 14 — Brush spring
3 — Rotor 18 — Diode {— load
4 — Slip rings 19 — Cover

ba — Ball bearing 20 — Screw

bb — Ball bearing

6 — Retainer plate
10 — Slip ring end frame
14 — Brush holder assy.

Operating | nstructions

“G 1 Alternator with Piggy-back Voltage Regu-

fator

1.

When the alternator is running do not short alter- 4,
nator terminals B+ and D+ across or to ground
{not even by touching).
Start the engine only with specified power supply. B,
Before starting with an external/ batiery, discon-
nect the cable from alternator terminals B+ and
D+ to avoid diode failure due to possible mistak- 6.
ing of positive and negative battery posts.

CGES-310-1

21 — Spring washer

22 — Heat sink, assy.

24 — Diode (+ load current}
25-26 — Diode plate (exciter current)

26 — Exciter diode

28 — Screw
current) 29 — Spring washer

30 — Washer

45 — Plug

51 — Rotor parts, se1
B2 — Terminal parts, set

When quick-charging with connected vehicle light
systemn tighten battery clamps. Couple negative
with negative and positive connections.

During welding operations on vehicles attach the
ground terminal of the welding machine directly
1o that part of the vehicle, which is to be welded.

Take care for negative earth return of battery and
alternator,
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“G1” and “K1” Alternators with separate Volta-
ge Regulator.

1.

To protect the alternator and the electrical system
during operation without battery, remove the cab-
les from the regulator prior to starting the engine,

Also remove the cables from regulator before start-
ing, if a non operative dry-precharged or defective
battery is installed.

Do not separate or connect cables hetween regula-
tor, alternator and battery during operation,

When alternator is running, avoid any short circu-
iting (even by touching) of connections on regula-
tor and alternator and to ground.

When quick-charging with connected vehicle light
system tighten battery clamps. Couple negative
with negative and positive with positive connecti-
ons.

During welding operations on vehicles attach the
ground terminal of the welding machine directly
to that part of the vehicle, which is to be welded.,

When starting the engine with dry-pre-charged bat-
tery, made operative beforehand by filling in acid,
reconnect alternator and regulator,

Take care for negative earth return of battery and
alternator,

When starting by means of a rectifier, during test
runs, no connection must exist between alternator
and regulator,

Preventive Maintenance.

The alternator requires very little maintenance; however,
making the following checks of the alternator charging
system will avoid many problems that might otherwisa
develop:

1.

7.
Check belt tension. Refer to your Operator's Ma-
nual for proper belt tencion.
Note: Da not over tighten — damage to bearings
may result,
CGES-310-1
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Keep pulley nut tight. See ""Specifications”,

Check alternator B+ and D+ terminals and cable
connections for good condition, secure fastening
and freedom from corrosion.

Check battery cables and connections for good
condition, secure fastening and freedom from
carrosion.

Check electrolyte level in battery, Add water if
needed. Check battery condition and charge le-
vel. If low, charge battery, If battery will not take
an adequate charge, or is otherwise unsatisfactory,
replace battery,

Replace ball bearings after 4000 hours of opera-
tion or earlier if the unit is disassembled.

Hlust. 453

1 — Ball bearing, drive end side
2 — Cover washer

Filt only one side of the ball bearing with high
melting-point grease "‘Bosch F1 v 34" or equiva-
lent.

Qver-lubrication may result in oxidation of the stip
rings.

PRINTED IN UNITED STATES OF AMERICA




194

Principle of Operation

+ G60B4.

I
Hlust. 454
Circuit diagram "G T alternator with transistorized
piggy-back voltage regulator
1 — Alternator 4 — Charge control lamp, 2W
2 — Battery 5 — Voltage regutator
3 — Light switch 6 — Load dump diode

G — Field coil {rotor}
UV W —Windings (stator)

. i %
By . “ i

Hlust. 455
Circuit diagram
Alternator with separate, mechanical voltage
regulator {12 V system)
1 — Alternator 4 — Charge control lamp, 2 W
2 — Battery § — Regulator
3 — Light switch G ~ Field coil {rotor}
U,V W - Windings {stator)

NOTE: With 24V system and separate voltage regulator
a four-lead cable with space type connectors is used be-
tween regulator and alternator terminals (D+, 61, DF,
D=1, terminal 61 being the ground connection.

Pre-excitement

With engine shut off, the remanent magnetism in the ro-
tor is very weak, To provide instand power the alternator
is pre-excited as follows:

With light switch {3) on, current taken from the batte-
ries (2} flows via charge control lamp {4} and regulator,
via field coil (G} to ground, lltust, 4565. With the trans-
istorized regulator (B) IHust, 454 the exciter current is
passing through the regulator to ground,

While passing the field coil, 8 magnetic field round the
rotor is built up.

Therefore, if the engine is started, the alternator will give
output at once,

With rising engine speed, the charging voltage will reach
battery voltage value, so the control lamp goes out 1o in-
dicate that the charging circuit works properly,

Note: A charge control lamp of min. 2 Watt is mandato-
ry for proper pre-excitation {12V charging system).

Rectifier Diodes

G 6o83.

flust. 456
Symbol of rectifier diode

+ side — conventional current passing through
— side — conventional current blocked

A diode is an electrical device which rectifies alternating
current to direct current by allowing current to pass
through it freely in one direction but not in the other,
ilust, 4566.

Therefore, the alternating current output from the stator
windings, U, V, W is applied

a}) toaninsulated three phase full wave bridge rectifier
which provides direct current to the battery and to
the electrical accessories of the vehicle, while re-
turn flow is established by three negative rectifier
diodes,
and
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b} 1o a positive three phase full wave bridge rectifier
which provides direct current {exciter current) to
the regulator and rotor, see lllust, 454,

The six positive and the three negative rectifier
diodes of the “G1" alternator are imbedded in a
circular mounting plate, located inside the alter-
nator, see illust, 4686,

On “K1” alternator models, there are three positive rec-

tifier diodes integrated in the heat sink which are provid-
ing direct current to the battery and to the accessories.

Return flow is established by three negative rectifier
diodes, imbedded in the slip ring end frame, see (3)
lust. 488.

Direct current for alternator excitement is provided by a
three phase full wave bridge rectifier, which is mounted
inside the alternator, see Illust. 455 and also {4) Nlust,
485,

For details, see “*Servicing".
Voltage Regulators

Both voltage regulator types, the transistorized piggy-
back type and the separately mounted mechanical con-

Specifications
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tact type, are operating on the same basic principle, i.e,
exciter current is limited to a pre-determined value re-
sulting in the required voltage of the output current,

This voltage control operates effectively at fluctuating
engine speeds and changing load requirements. Both re-
gulators are not serviceable and must be replaced if they
fail,

Voltage Peaks

a} On G1 alternators with piggy-back type regulator a
toad dump or Zener diode () 1ilust. 454 is connected
between output terminal B+ and ground. This diode
blocks current flow to the ground under normal
operating conditions. 1f, however, voltage should rise
above 22 — 30 volts due to some failure in the wiring
etc, the diode will dump the excessive load to the
ground and protect alternator, diodes and circuit.

Caution: The Zener diode will not protect the alter-
nator and electrical circuit, if positive and negative
posts of an external or booster battery are mixed up,

b

K1 alternator models are protected against voltage
peak loads either by a capacitor or a peak load resis-
tant regulator,

Performance Test Resistance
Alternator Alternator speed Adjusting ioad Stator 1} Rotor
(RH Rotat.on) RPM A Ohm + 16% Ohm + 10%
G1 — 14V 28A 22 1500 10 ' 0.4 65 2
2200 18
7000 28
G171 — 14V 33A 27 1600 10 0.3 4.0 2)
2700 22
7000 33
K1 — 14V 35A 20 1300 10 0.26 4.0 2}
2000 23
6000 35
K1 — 14V 55A 20 1200 10 0.14 4.0
2000 36
2350 3) 40
6000 51
K1 - 28V 27A 23 1316 5 0.4 8.7
2300 18
6000 27
K1 — 2BV 4bA 27 1750 10 0.22 9.0
2750 30
6000 45

*} Alternator (with regulator} 60° warm
1) Between Coil ends

Voltage Regulation 12V System:

Mechanical Contact Type Regulator- 13.8 ~ 148V
Transistorized Regulator = 13.9 +~ 14V

2) With piggy-back regulator 3.4 Ohm
3) Do not exceed this value if R. Bosch test bench EFAW 27505 used,

24V System:
Transistorized Regulator = 27,3 + 28.3 V

NOTE: Take voltage readings at 4000 alter-
nator revolutions with regulator cold,
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Technical Data
Alternator G1-14 v28A 22 K1—14V 35A 20 |K1—14V 55A 20
Run-out of slip rings, max. mm {inch} [0.03{.0012) 0.034{.0012} 0.03 (.0012)
Run-out of rotor, max. mm {inch) {0,056 {.00197} 0.05 {.00197) 0.05 (.00197}
Minimum diameter of slip rings mm {inch} [26.8 {1.0556) 31,6 {1.240) 31.5 {1.240}
Minimum length of carbon brushes mim {inch) — 14014 .55 ) 14.0( .55 )
Minimum protruding length of brushes mm {inch) 5.0( .197) - —
Maximum protruding fength of brushes mm {inch} [10.0{ .394) — —
Brush spring pressure gr {0Z) - 300-400 {10.7-14.1) 300-400 {10.7-14.1}
Resistance of stator winding Ohm+ 10% | 0.4 0.25 0.14
Resistance of exciter winding (rotor)  Ohm + 10% |(piggy-back regul.) 3.4 | 4.0 4.0

(separate regulat.) 4.0
Tightening torque of fan belt pulley nut daNm{ft.Ibs){3.54.5 {25-33) 3.54.5 {25-33) 3.5-4.5 {26-33)

Test Instructions

8 N v
"Y098ED W
e 3
.I
zmn-
D+ |DF
DY, Df
- =
o ——
e S
o

1Hust. 457
Electrical hook up for test bench checks

5 — Ammeter

6 — Protective resistor
7 — Battery

8 ~ Lamp (2 Watt)

1 — Alternator
2 — Regulator
3 — Rheostat

4 — Vaoltmeter

Alternator Removed

To check alternator output and its regulating voltage
make a hook up as shown in [Hust, 457,

To avoid dangercus voltage peaks, test the alternator and
regulator anly with shunt connected battery,

Connect negative battery post to the alternator frame.

Connect protective resistor (B} to battery {7} in series
and rheostat (3} to battery shunt,

Switch off the rheostat only with battery connected.

Disconnect the battery only, when the alternator is not
operating.

With alternator warm {60CC = 1400F) check for speci-
fied output, see “Specifications”,

Adjust the load rheostat (3) if necessary to obtain desi-
red output,

Voltage must remain within specified limits under vary-
ing load conditions.

Note: The output test given above is basic and can be
performed with a minimum of test equipment,

Where a “IH Diagnostic Center' is available checks can
be performed more conveniently with the alternator in
position, see below,

Alternator in Position
To check alternator condition, the use of the ”IH Diag-

nostic Center’” is recommended, Consult “Operator’s
Manual GER 17 C/E" when using this equipment,

As an alternative method proceed as follows:

Connect a suitable ammeter between aiternator output
tarminal B+ and the charging cable.

With alternator warm, run the engine at rated speed and
take a reading.

If a half discharged battery is installed and if some acces-
sories {heating pipe etc.) are switched on, the amps read-
ing should approach the specified maximum value.

Note: An alternator output up to 10% below Specifica-
tions is still considered acceptable,

If test results are not satisfactory, disassemble and repair
the alternator,
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Trouble Shooting (G1 and K1 Models)

197

Behaviour of the charge
control lamp, with light
switch “On”,

Hints to locate a fault

Problemn

Charge control lamp does
not light, while engine is
shut down,

a) Test lamp, connected to alternator
terminals B+ and D+, lights brightty

b} Test lamp, as above connected,
does not light.

¢} Test lamp, connected to D+ and
ground glows. Also the charge control
tamp glows. In this case, pull off the
piug from the regulator and connect
an ammeter 1o terminal B+ and DF,
The ammeter reads 0 amps.

a) Charge control lamp defective or an open
in the control tamp circuit,

b) Short in one plus Joad current diode, At
once disconnect charging cable from B+,

otherwise battery will discharge with engine |
shut down,

c} Carbon brushes excessively worn, Oxida-
tion on slip rings. Open field winding, De-
fective regulator or an open in the cable
from regulator to alternator.,

With engine shut down or
running, the charge con-
trof lamp tights constant-
ly bright,

Disconnect the plug from the regulator
when engine is shut down.

a) Charge control lamp stilt tHghts.

The charge control lamp does not light,
In this case reconnect the plug on
regulator and connect an ammeter
between alternator terminals B+ and
D+,

b} The ammeter reading is less than
2 amps.

¢} The ammeter reading is more than
2.5 amps.

a} Cable, control lamp to terminal D+ is
shorted,

b} Regulator defective.

c) Field winding or cabie to DF shorted.

While engine is shut down
the charge contro! lamp
lights brightly,

At running enginre, how-
ever, the lamp does not go
out, it goes dim or just
alows,

Connect a test lamp to terminal B+
and D+ while engine is running,

a} Test lamp does not light.

b} Test lamp glows.

With engine shut down, replace the
regulator with a new one, Start engine
and again connect a test lamp to ter-
minal B+ and D+,

¢} Test famp does not light.

d} Test lamp glows,

a} Serious electrical resistance in the charge
circuit due to loose, cracked and corroded
cables,

b} Regulator defective (danger of battery
avercharging) or

Aiternator defective (unsatisfactory bat-
tery charging).

c} Removed regulator is defective,

d) Alternator defective,

Note: Nearly all of the failures, oceuring in the charging circuit, will be indicated by the behaviour of the charge control

famp.
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Servicing ""G1" Alternator

'SIE9 D

The following illustrations show the "G1' alternator
operating with piggy-back transistorized voltage regula-
for.

Disassembly

Hlust, 460
1 — Marks
2 - Through bolts
2 - Spacer ring

To facilitate reassembly mark the stator, drive end and
stip ring end frame {1}.

Hlust. 458

Use a special too} when loosening or tightening the pul-

ley nut. INust, 458.
Remove through bolts {2).

iliust. 461

Hlust, 459

1 — Brush holder assy. 1 — Drive end frame

2 — Transistorized voltage requlator 2 — Stator

3 — Zener dicde 3 — Slip ring end frame
Remove brush holder assembly (1+2) and Zener diode
(3. Pult off drive end frame (1} with rotor.
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Diodes

Check load dump diode (1) iHlust. 482 with a rising val-
tage. The diode must be blocked at normal operating
voltage and permiz free flow it the threshold voltage of
22-30 V is exceeded.

Hiust, 462

1 — Rotar
2 — Bzl bearing
3 — Spacer rings

Iflust. 464

Use an arbor press to separate the rotor from the drive

end frame bearing. 1 — Charging current rectifier diodes, positive
2 — Charging current rectifier diodes, negative

Remove ball bearing {2). 3 — Exciter current rectifier diodes

4 — Stator
5 — Slip ring end frame

‘BELOG

Hust. 463
Hiust. 455
1 - Retainer plate Checking diodes with stator in place,
2 - Ball bearing Lsing an ammeter

Check individual diodes for shorts or opens.
Remove retainer plate {1} and ball bearing (2).
The simplest method for checking diodes is to use a test
lamp of not more than 12 Volts.
Cleaning, Inspection and Repair
To check diodes {1) Illust. 464 connect one lead of the

Clean alternator components with a lintfree petrol mois- test lamp to B+ and the other in turn to the individual
tened cloth. diodes,
CGES-310-1
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Note, whether the lamp lights or not. Now reverse the
leads and note whether the lamp lights or not,

If the lamp lights in both checks, the diode s shorted, or
if the lamp fails to light for either check, the diode is
open.

A good dicde will Tight in one of the two checks only.

Check the remaining diodes in the same manner. Howe-
ver, connect one test famp lead to D+ when checking
diodes {3) and connect one test lamp lead to ground
when checking diodes {2}.

Note 1. 1 tests on charging and exciter current rectifier
diodes are unsatisfactory, the stator winding may be
shorted.

Unsolder stator winding ends and remove the stator.
Repeat dicde checks as shown in lusts, 466 to 468.

Note 2: An alternative method for checking diodes is 1o
use an ochmmeter. Hereby, the lowest range scale on the
ohmmeter should be used and the chmmeter should
have a 1-1/2 Volt cell.

To check diodes, hold the ochmmeter probes on the dio-
des as described for test with test lamp,

If both readings are very low, or if both readings are very
high, the diode is defective.

A good diode will give one low and one high (infinite}
ohm reading.

Note 3: |1 a special diode tester, as ""Bosch tester EF AW
192" is available, all of the diodes may be checked with
the stator in place, To check dicdes with this tester con-
sult manufacturer’s instructions.

¢

ust. 466
Testing exciter current rectifier diodes

1 — Exciter current rectifier diodes
2 — Probe, on diode

3 — Probe, on D+

4 — Ohmmeter

HHust. 467
Testing negative charging current
rectifier diodes

1 — Negative charging current
rectifier diodes

2 — Probe cn ground

3 — Probe on diode

{lust. 468
Testing positive charging current
rectifier diodes

1 — Positive charging current
rectifier diodes

2 - Probe on diode

3 - Probe on B+

With the stator removed, test the individual diodes as
shown in Hlusts. 466 to 468, using methods as outlined
above.

CGES-310-1
PRINTED IN UNITED STATES OF AMERICA




T

T P2190

Nust. 469
Diode prate (heat sink)
‘; e B'I stund
2 — D+ siud

3~ Insulating paris

If one of the nine diodes, imbeddea in the plate (st
469) fails, the plate must be replaced.

Take care all insulating parts (3} are installed when re-
placing this plate.

Stator

Hlust. 470
Tasting stator wirding for ground

Hold one lead of a 40 Voit test lemp or one probe of an
ohmmeter on one winding end and the other 10 the sta-
tor.

The lamp must not light up. The ahm reading must be
infinite.

201

Hiust. 471
Testing stator winding for opens
and short circuit

1.3 — Winding ends
4 - Stitor

To check stator windings for opens, hold the leads of a
40 Volt test lamp to the winding ends in ihe following
order: End (1} and 2}, end {1} and (3}, weud (2} ond {3),
in either check the test lamg must light up.

To check stator windings for shart circuits hold the pro-
bes of an ochmmeter on the end uf the windings as men-
tioned above,

All windings must have the same resistance readings and
be within “Specifications’’,

Replace the stator with new one, if any winding is found
10 be defective,

Rotor

Iflust. 472
Testing field winding for ground
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Hold the leads of a 40 Volt test lamp or the probes of an
ohmmeter on the rotor as shown in {llust, 472, The test
lamp must not light up or the ohm reading must be infi-
nite.

Must. 473

Testing field winding for opens
and short circuits

To check the fietd winding for apens, hold the leads of a
40 Volt test lamp on both skip rings, l1iust. 473, The test
lamp must light up.

To check the fieid winding for short circuits, hold the
probes of an ohmmeter on the slip rings, [llust, 473, The
ohm reading must be within “'Specifications”. Note, a
lower ohm reading wiil shown: a short circuit.

Replace the rotor with new one if the winding is found
10 be defective.

Slip rings may be given a polish-over if necessary.

Note: Slip rings may be turned up in a lathe, Strictly ob-
serve the dimensions given in "Technical Data” when re-
conditioning these rings.

Finish with 400 grain or finer polishing cloth and blow
away all dust,

Brush Holder Assembly

w0cLe9

Hlust. 474

1 — Brush holder assembly
2 — Piggy-back transistorized
voltage regulator

A - 10 mm (.4"), brushes new
A — &5mm {.2'), brushes worn to max, limit
Check protrusion of carbon brushes, see A" Hlust. 474,

When replacing brushes observe the following:

Use only compound soldering tin material of goed quali-
ty.

Take care that tin material does not penetrate into cop-
per leads 10 ensure maximum flexibility.

Check protrusion A", Secure insulating hoses close to
the soldered connection,

When in place, carbon brushes should be inclined towards
the regulator to facilitate installation, see |Hust, 474.
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Reassembly

‘gLIYY

Hlust, 475

1 — Retainer plate
2 — Ball bearing, drive end side

Whenever the alternator needs overhauling both ball
bearings should be replaced with new ones,

To avoid oxidation of the slip rings due to overgreasing,

fill only one side of the bearings with specified bail bear-
ing grease,

Secure ball bearing {2} 1llust. 475 with retainer plate {1),
Secure plate screws by caulking. Instali ball bearing {2},
{llust, 462,

203

et
1Hust. 477
Soldering of stator winding ends

Use a 100 Watt solder gun and resinated core stick 60 %
tin, 40 % lead solder for reconnecting stator winding
ends.

Caution: Do not heat excessively and do not bend or
move the diode stem as this may damage the diode.

Remove all traces of tin spatter,

After soldering recheck diodes for opens or short circuits,

Hlust. 476

1 — Drive end frame

2 — Quter spacer ring

3 — Installing sleeve
Slide the inner spacer ring (3} lllust. 462 aver the rotor
shaft before installing the drive end frame (1) Hlust, 476,

Take care, sleeve {3) contacts only the outer spacer ring
(2) when pressing frame (1) in place,

lust, 478

Place the spring washer (as found on disassembling) into
the counter bore of the slip ring end frame and fill a
small amount of special grease into the counter bore be-
fore sliding the rotor assembly into place, illust. 478,

Be sure, point marks are in iine.
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Hust, 479

Install the three retainer screws with washer and lock
washer,

Tighten up alternately and evenly,

llust. 480

1 — Terminal B+
2 — Terminal D+
3 — Negative heat sinkt

Using a test lamp, check the negative heat sink for good
ground conditon,

Illust. 481

Carefully insert and install the brush holder/voltage
regulator assembly.

Hiust, 482

1 — toad dump
2 — Terminal B+

Install load dump as shown in |Hust, 482,

Finally install fan, woodruff key and V-belt pulley,

tUse a clamping tool (lltust. 458) and tighten pulley nut
to specified torgue,

Check the overhauled alternator in a test bench for pro-
per output and voltage regulation. See “Specifications™.
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installation

Install and connect the alternator according to diagram,
tHlust, 454,

Before starting the engine, make sure to observe "Qpera-
ting Instructions”,

Watch the charge controt lamp during start up to make
sure the charging circuit is 1n order.

If a new V-belt is used, readjust its tension after 20 hour
of aperation,

Servicing “'K1' Alternator
Disassembly

Disassernble as outlined for "G1’* alternator, 1Husts, 458
to 461,

Proceed as follows:

IHust. 483

T — Drive end frame

2 — Rotor shaft

3 — Spacer ring, outer

4 — Retainer plate screws

Remove screws (4) Iilust. 483.

Take off the drive end frame, taking care spacer ring {3}

does not drop.

205

Hlust. 484
1 — Drive end frame
2 - Slip rings
3 Rotor
4 — Snap ring

5 — Stepped stop ring
8 — Retainer plate

7 — Ball bearing

8 — Spacer ring

Remove ball bearings from the rotor shaft,

Remove retainer plate {6} and stop ring (5). Do not re-
move snap ring {4).

Hlust 485

1 — Heat sink, pasitive diodes
2 — Terminals B+

3 — Insuiated tongues

4 — Heat sink, exciter diodes
5 — Scraws

6 — Screw D+ lead)

Unscrew the nuts from both terminals B+, and take off
heat sink (1).
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Now, all diodes are accessible for testing, Also tongues
{3) are accessible.

Hf necessary, unscrew screw (8), to disconnect D+ lead,

Illust. 486

1 — Negative diodes 3 - D+ jead
2 — Ends of stator winding 4 - Slip ring end frame

Using a solder gun and a flat noseg pliers (heat sink}, un-
sofder the ends of the stator winding (2) lllust, 486, also
unsolder negative diodes {1).

Unscrew exciter diodes heat sink {4) lltust. 485 and re-
rove it together with positive digde hrat sink {1);

‘Thereafter separate the stator from slip ring end frame.

1flust, 487
Heat sinks, disconnected

1 — Positive heat sink
2 — Exciter heat sink
3 — Positive diodes
4 — Exciter dicdes
5 — Insulated tongues

Separate heat sink (1} and {2} {llust, 487 by unsoldering
the leads from the tongues (5},

Removing diodes: Refer to "“inspection and Repair’’.

Hlust. 488
Stator and slip ring end frame, separated

1 — Stator
2 — Slip ring end frame
3 — Negative diodes

llfust. 489

1 — Brush holder aséembly
2 — Cover

To remove brush holder assembly {1} lilust. 489, remove
cover {2) and nuts of terminals D- and DF,

While sliding out the brush holder take care its insulating
parts do not drop.

Cleaning, Inspection and Repair

Clean alternator components with a lintfree, petrol mois-
tened cloth.
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Stator and Rotor

Check stator and field windings for shoris, opens and
ground contact as outlined for "G1"” alternator,

Replace the stator or the rotor with new one i any win-
ding defects are detected.

True up or polish ship rings as necessary, Replace both
ball bearings with- new ones. Observe greasing instruc-
tions for ball bearings.

. Hlust. 491
Diodes . . , T
Testing negative charging current rectifier diodes

Check each of the nine rectifie: diodes for a shorted or

opened condition. :j, B ln'suls?tlon fongues
4 - Slip ring end frame

Use testing methads as outlined for “G1" alternator dio-
des.

For individual tests, see [Husts. 490 to 492,

Make sure, heat sink (3) illust 490 will not touch the
slip ring end frame, when testing diodes,

gt 492
Testing excirer current ractifier dindes

Voo frsulaten dicdes
Je Tarnamal i3
A Feir o dingdes

Replacing Diodes

It is recommendead o replace diweles preleralily complete
with their heat sink piates.

When replacing individuai ey the use of the special

IHust, 490 tool set “Rohert Rewcdi 71 =77 s sitangly recommen-
Testing positive charging current rectifier diodes ded.
1 — insulation tongues The tool set is provided . «wark with an ohor press, Ne-
Z — Positive diodes ver try to replace dioctes with Laminer Llows. This may
3 — Heat sink destroy other, stili npetative dindes.
CGES-310-1
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Reset the diode fit before installation.

Smear diode seat with SILICON oil “63v2" before dio-
des are being pressed in place,

After fitting. test diode for proper operation.

Brush Holder

lust. 493
Brush hoider assembly

1 — DF Terminal
2 — Insulating parts
3 — Flexible lead
4 — Brush spring
5 « Carbon brushes

Check brushes {5} lllust. 493 for wear, also check ten-
sion and condition of spring (4}, See "Technical Data”.

Check to see lead {3) is well soldered and not cracked.

A faulty holder should be replaced with a new one.

=

Reassembly

Reassembling the alternator is a revarsal of the disassem-
bly procedure.

The following poin-s must be observed:
Do not overhead diodes when soldering. Use a pair of
flat nose pliers for heat sink, Retest diodes after solder-

ing,

When installing the rotor, make sure slip rings and car-
bon brushes are absolutely clean and dry.

Do not overiook to install the V-belt pulley key,

Secure serews {4) lllust, 483 after tightening by caulk-
ing.

Note: Since the inner race of the ball bearing and the fan

are fastened by friction only, be sure the V-belt pulley
nut is tightened with specified torque.

installation
install the alternator and adjust V-belt tension,

With engine shut down and operative battery installed,
connect regulator and alternator according to llust. 455,

Connect battery ground cable,

Start the engine and watch the charge control lamp to
see the charging circuit is in order,

If a new V-belt is used, readjust its tension after 20 hours
of operation,
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GENERATORS AND REGULATORS

%- o2

g
..-:s.. LY ey
7

lllust. 494
Exploded view of the "Bosch Generator JAT4V20A16

1 — Field coil

2 — Field eoil

3 — Drive end bracket
4 — Lock washer

5 — Through bolt

6 — Bolt, pole shoe

7 — Bolt

8 — Insulating strip

9 — Terminal assembly
10 - Boot
11 — Commutator end bracket
12 — Lock washer

General

According to application, the engines may be fitted with
an 11, 16 or 20 amps generator,

The following ltustrations snow the JA (R} 14V 20A 16
generator, excepting tlusts. 359 and 365.

13 — Lock washer

14 — Bolt

15 — Brush

16 — Brush spring
17 — Washer

18 — Cover band
19 — Bolt

20 — Ball bearings

21— Armature

22 — Woodruff key

23 — Retainer

24 — Small stock set for armature

The inspection and procedure of overhaul of the above
generatar types is nearly equal, However, each generator
type has its special Test-Specifications and operates with
a speciai regulator. Refer 1o ''Specifications”,

The generators are shunt-wound, two-pole machines
with the field coils connected in series and with one
common connection for the field and armature.
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The gererators are designed for use with a ""‘Bosch” or
“"Wehrle'' regulator which varies the generator output in
accordance with the state of charge of the battery and
the foad in the circuit., Qutput is independent of variat-
ions in generator speed above the initial speed at which
maximum output is generated., The regulator cuts the
circuit if generator voltage is less than battery voltage.

Should troubie develop in the current supply system,
check to determine whether the generator or the regula-
tor is at fault,

Note: A defective regulator cannot be repaired. Replace
with a new one,

Mechanical Data

JAFR} 14V 20A 16 GiR) 14V 16A 21 EHIR) 14V 114 19
Armature
Permissible out-of-round 0.05 mm = .002" 0.05 mm = ,002* 0.05 mm = .002"
[Commutator
Permissible out-of-round 0.03 mm = .0012" Q.03 mm = .0012" 0.03 mm =.0012"
Permissible diameter after rework 3 mm=154 " 355 mm=140 " 32mm=126 "
Brushes
Min. length 7.0 mm = 67" 16.0 mm = 63" 13.0mm = 51"
Housing diameter 116 mm = 457" 102 mm =4,02" 90 mm = 3,565"
Pulley nut torgue 35-4.5daNm = 3.5—-45daNm= 3.5—-45daNm =

25-32.5 Ibs.ft, 25-325 lbs.f1, 25-32.5 Ibs.ft.
Specifications, Generator (Housing temperature 600C = 1400F)

no output 2/3 output max. output
Generator _ Generator rpm Rated Generator rpm/amps. Generator rpm/amps.
EN(R) 14V 11A 18 1450 1900 / 7.3 2200 7/ 11
G(R} 14V 16A 21 1650 2100 / 108 2360 / 16
JA(R) 14V 20A 16 1250 1600 / 13.2 1850 / 20
OGES-3101
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Maintenance

Inspect the generator after every six months of operation
to ensure long life.

The commutator should be smooth and polished with
even colouring and there should be no signs of solder
thrown from the commutator ¢connections,

Brushes must be polished over the whole face, be free in
their boxes and should be checked for wear, 1f badly,
worn, replace them with new ones,

Check brush spring pressure with the fingers to see if
they appear adequate.

Alt parts should be free from dust and all connections be
clean and tight,

Testing in Position to Locate a Fault
Before proceeding to test the generator check:

That the drive belt is serviceable and that the tension is
correct.

That the generator is correctly connected to the reguiator
and that the ground connections is correct, See !lust.
495,

[ |

: DF B+
Jo- i

{D+/61 l
. 2

\—ﬁ)
[
|

N

[oF "o+ 1 4 5 3

I
|
o =
1 1
- [llust. 495

1 — Generator

2 — Voltage regulator

3 — Storage batiery

4 — Charge control [amp
5 — Light switch

Checking the Generator

Switch off all lights and accessories, then disconnect the
cables from the generator and link the two generator ter-
minals with a jength of wire,

Caonnect the plus leed of a voltmeter (0-20 volts range)
to the linked generator terminals and the other lead to a
good earth on the generator body.

Start the engine and gradually increase the engine speed.
The voltmeter reading should rise without fluctuation,

Warning: Do not allow the voltmeter reading to reach 20
Volts,

o not race the engine in an attempt to increase the vol-
tage. It is sufficient to run the engine up to 800-1000
rpm. Carry out this test as brief as possible to avoid da-
mage to the field coils.

If there is no reading, check the brush wear,

If there is a tow reading of approximately 1/2-1 volt, the
field winding may be at fauit.

If there is a reading of approximately half the normal
voltage, the armature winding may be at fault.

Note: Excessive sparking at the commutator in the
ahove test indicates a defective armature which should
be replaced, Sparking can be seen when cover band (18)
1Hust, 494 is removed.

Slacken the driving belt and check the bearings for free-
running by spinning the pulley by hand. If the armature
fails to spin freely, with the brushes raised from the
commutator, the generator should be disassembled and
the bearings examined.

If the generator is in good order, remove the link wire
and restore the original connections, then proceed 1o
test the regulator,

Checking the Regulator

Note: Test must be made after the generator has comple-
ted a run of several hours, 1§ the engine has been shut
down after a run, operating temperature may be re-estab-
lished by operating the regulator at normal to full load
for a period equal to the down time {up to 30 minutes).

CGES-310-1
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Testing the Switch (Return Current Switch)

1. Cut-in voltage
Disconnect the cable from regulator terminal B+
and make sure the bared end of the loose cable

will not contact any of the metal parts.

Connect a test lamp 12V across terminal B+ and
earth,

Connect a voltmeter to generator terminal D+ and
earth,

Start the engine and observe the voltmeter.

With rising engine speed the test lamp must light
up.

Valtage reading at this mament is the cut-in volta-
ge. Refer to "Specifications”,

2. Return current
Connect an ammeter with charge and discharge
ranges {20 amps) between regulator terminal B+
and a half discharged and properly earthed 12 volt
battery.

Start the engine and slowly increase engine speed
up to rated rpm.

Then stowly decrease engine speed to low idle and
observe the ammeter. Now, the pointer of the am-
meter will fall in the discharge range and then go
back to zero.

At this very moment the switch has cut-off the cir-
cuit due to return current flux.

The return current value must be within “Speci-
fications".

Testing the Voltage Regulator

Note: This test must be made with generator cold, with-
out batteries and load.

Connect an ammeter to generator terminal DF and regu-
lator terminal DF,

Slowly increase engine speed and watch the ammeter,
Note, when maximum ammeter reading is reached.

At further increasing engine speed, the ammeter read-
ing will drop.
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Stop increasing engine speed as soon as ammeter read-
ing has dropped to half of its former max. value, or has
dropped to 2/3 of its former value if a PTC-resistance
regulator is instailed,

Now read the voltage at generator terminal 8+. Refer to
figure two of “Specifications”. A deviation of -0.1 to
+(.4 volt is permissible.

Testing Current Regulation

Hlust. 496
Hook-up for checking current regulation

3 — Ammeter
4 -~ Rheostat

1 — Generator
2 — Regulator

Connect up ammeter {3) and rheostat {4) as shown in
{lfust, 496.

Run the generator at double rated rpm, see figure {3)
and column "Commencement of current regulation’ of
specifications, respectively. Then adjust the rheostat so
the ammeter will read specified current value,

With the specified load still on and increasing engine
speed, the load current must remain in its former value,

Replace the regulator when its voltage- or current regu-
lation or its switch are at fauls,

Removal and Disassembly

Disconnect battery ground cables and cabies at generator
terminals. Remave the generator and clean it externally.

Clamp the generator in a vice, using soft metal jaws,
Take off cover band, disconnect flexible connector {4)

and lead (B), lift the brush springs and remove brushes
{3
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Unscrew the tag threegh Bl (1) then saparate com-
mutator end brackar (20 and vob s (0) from the armature,

UL O -

- .o H o
P [EITNAR

4 RN ECI ISR Y

B fedd o ter L

U vk

7 [ F URSLRTE I SVE NP

[Hust 498

1 - Retaining serews
2 — Driveend Lirackes:
3 ~ Ccil end band

4 - Armature core

5 - Coll end Land

6 - Commuiator

7 — Relaining plate

8 — Bali bearing

Remove retaining screws (1) Hlust, 488 and separate the
drive end bracket {2) from the bearing.

if necessary pull the two ball bearings from the arma-
ture shaft, using a suitable puller tunl,

Hlust, 489

11 amos Generator

1 Commnutator e bracket
2 - Terminal

3 - Access hole

4 - Yolke

5 — Spriny washer

6 — Terminai D+

Disassamble 11 amps generator, 1ilust, 499, as follows:
Remove the two through totts.

Work out the rubber plug from access hole (3} and re-
move the screw from termminat (g). Lift off the commuta-
1or end bracket (1), taking care spring washer {5} does
not drop, Take off yoke {4) frine the armature.

Cleaning, Inspection and Repair

Clean generator componer L with compressed air and a
lint-free petrol moistened cioth.

Brushes

Check for wear and see that connectors are well soldered,
Replace worn brushes when their lenght is fess than spe-
cified,

A new brush set does not need “bedding’” but check to
see that new brushes move freely in their guides,

Brush Springs

Check the brush springs for pressure and examing for
corrosion, freedom of movement and that they bear
squarely on top of the brushes. Replace fatigued, bent or
corroded springs as complete sets,

CGES-310-1
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Bearings

Clean the bearings thoroughly in‘spirit and examine for
pitting of the balls and races and test for free and
smooth rotation,

Repack the bearings with high melting-point grease for
HALF the circumference of the cage.

Warning: On no account should ordinary arease be used
as this will melt when warm, find its way out of the bear-
ings and penetrate the commutator,

Armature

The binding bands (3) and (5) Hlust. 498 should be exa-
mined for sign of loosening.

If the commutator has been neglected and is in very bad
condition, it should be set up in a lathe and skimmed,
4sing a diamond tool for preference. It is of great impor-
tance that after skimming, the commutator surface
should be concentric with the bearing diameters.

Only a very fight cut should be taken, and the tool
should be sufficiently keen to leave a smooth surface,

The insulators between the commutator segments should
be undercut to a depth of 0.8 mm = 1/32".

Use & hacksaw blade ground to the thickness of the insu-
lator and ensure that all the insulator is removed at the
sides of the siots.

Finally, again mount the armature in a lathe and take a
polish cut of about 0.03 mm = 001",

The slots between the segments should be cleared of tur-
nings and the undercutting of the micas should be main-
tained at about 0.8 mm = 1/32", Care must be taken to
see that no mica is left level with or projecting above the
surface of the copper segments.

Warning: No attempt should be made to machine the ar-
Mature core or 10 true up a distorted armature shaft,

Connect the probes of an ohmmeter to the armature
shaft and to any segment as shown in Hlust, 500,

Low or zero chm readings indicate a short.

If a short in the windings is suspacted the armature
should be tested by means of 3 “growler”, If during this
test a hacksaw blade is rested on the core laminations
whilst the armature is rotated, a short is indicated when
the blade is attracted to the core.
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Ilust, 500
Testing commutator insulation

The armature coils should be tested for continuity by
passing current from a battery through the armature via
twoe brushes (set at 180 dagrees) pressing on to the com-

futator, and noting on a mitli-volt meter the voltage drop

between every adjdcent pair of segiments. A variabie re-
sistance should be incorporated in the circuit to timit the
veltage passing through at about 2 volts. As the armature
is slowly rotated, the voltage drop indicazed on the me-
ter should be substaniially the same for any pair of ad-
jacent segments.

A low reading, or none at all, would indicate a partially
shorted coil or commutator segment, and a high reading,
a high reststance in the ceil circuit, probable a hadly sol-
dered joint at the cornmutator riser,

Faulty armatures must be replaced,

Fieid Coils

The field coils must he maintained clean and free from
dust and moisture. The #exible lead should. show no

signs of abrasion and the tangs should be ciean and well
soldered.

‘gLLT Y

IHust. 501
Testing the field coil insulation
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Connect one probe of an ohmmeter 1o terminal O+ and
the other to a clean part of the yoke as shown in Illust.
361.

Low or zero ohm readings indicate that the coil is short-
ed to the yoke.

aree

Ilust. 502
Testing the field coil for open circuit

Connect the two probes of an chmmeter to the terminal
as shown in lust 502. The field resistance should be
3.5-39 chms. An “infinite” ohm reading- indicates a
break in the field coils.

Field Coil Short
An ammeter in series with the coil will indicate, by a
high reading, it & short between turns is present. In the

tatter event, individual coils should be isolated and test-
ed for resistance untii the fault is discovered.

Note: In case of a short circuit, break or coil short, the
field coil must be replaced.

Replace a defective field coil as follows:
Unsolder the coil connections.

Unscrew the fixing screws and separate pole shoes and
coil.

Fit the new field coils over the pole shoes and place
tfiam in position inside the yoke,

Locate the pole shoes by lightly tightening the fixing
SCrews,

H6EED Juemzm 3 {2

3]

W————-’-———-—w—'—w—m

[Hust. 03
Shaft for pole shoe mounting

1 — Quter yoke diameter

2 — Armature diameter
+0.35—-0.40 mm = .,014"-.016"

3 — Yoke length

4 — Bmm=3/16"

For proper alignment, slide the shaft ItHust. 503 into the
yoke. Tighten the pole shoe screws fully and lock them
by caulking.

Replace the insulation piece between field coil connect-
ion and yoke, then re-solder the connection,

TBETLZ 9

LT
Iflust. 504
Testing brush guide insulation

1 — Commutator end bracket
2 — Insulated brush guide
3 — Earthed brush guide

Test the insulation of brush guide (2) Nlust, 504 by
means of an chmmeter,
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An "infinite” ohm reading indicates the insulation is in
order.

Note: For this test, the end bracket must be fee of
brush dust and dry.

Replace the end bracket, if insulation is poor.
Polarizing the Generator

The Bosch generator has sufficient remanent magnetism
and therefore needs no polarizing on new or replacement
unit. However, if the unit has been disassembled and
field coils are tested or replaced, pofarize the generator

as follows:

Install the generator znd connect cables in accordance
with the wiring diagram,

With V-belt off, bridge regulater terminals B+ and D+
with a jumper lead for one second,

The momentary surge through the generator will run the
generator as a motor and polarize it.

Warning: Do not run the overhauled generator without
polarizing it or the regulator will be damaged.

Assembly

Assembling the generator is a reversal of the disassemb-
ting procedure.

The following points must be observed,
Observe strict cleanlingss.

Be sure the locating tangs of the yoke engage in the re-
cesses of both end brackets,
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Make suzre the Woodruff key seats properly and tighten
the pulley nut to specified torgue.

Replace the cover band ensuring that the gasket effec.
tively seals the yoke ports,

After assembling the generator, spin the armature by
hand to ensure free rotation and at the same time listen
for any indication if the armature may be fouling the po-
le shoes,

Hlust. 505

11 amps Generaior
Installing commutator end bracket

Unhook Both brush springs and withdraw the carbon
brushes, then slide the commutator end bracket on the
armature.

Place the brush springs in working position, using a suit-
able hook. Check to see the brushes move freely in their
guides,
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STARTING MOTOR (JD-SERIES)

15 1% 10 9 8

{Hust, 506
Schematic view of the ""Bosch” starting
motor JD 12V 3kW (4HP}

1 — Shift lever 9-10- Shifter rings

2 — Closing coil 11 -- Shunt coil

3 — Holding coil 12 — Qverrunning clutch
4 - Solenoid plunger {drive assembly}

5 — Field coil 13 — Spring

6 — Commutator
7 — Armature
B — Pole shoe

14 — Spiral splines
15 — Pinion stop

General

The starting motor is an electric motor of a highly specia-
lized design. |t is capable of producing high horsepower
and tremendous torque despite its small size.

It is a four brush, earth return machine with series
parallel connected field coits and operates off a 12 or
24 volt system,

A solencid-operated drive assembly {12} lliust. 366 is
carried on the spiral armature shaft which ensures
positive engagement of the pinion with the ring gear
before the motor is energized due to main current.

The shift lever (1) actuated by the solenoid (4} slides the
overrunning clutch and drive pinion assembly along the
spiral splined armature shaft to engage or disengage the
pinion.

The engagement of the pinion and flywheel ring gear is
supported by the screwing effect of the spiral splines
{14). On occasions of tooth to tooth abutment, whilst
axial movement of the pinion stops, the plunger of the
solenoid continues to move, loading spring (13} and also
closing the solenoid contact,

When the switch is closed the main current from the
batteries begins to rotate the armature (7) and the
pinion,

\\
S TLTITIRTIT) %——4
LELAL VIR AR RS AR

As soon as the teeth of the pinion become aligned, the
combination of spring pressure and screwing effect slide
the pinion into mesh with the flywheel ring gear. Torgue
is not transmitted by the overrunning clutch (12} from
the starter to the flywhesl 1o crank the engine,

To protect the armature from excessive speeds when
the engine starts, the clutch is designed to “overrun™ or
wrn faster than the armature which permits the pinion
to disengage itself in a short time,

The pinion will not be permitted to disengage until the
solencid circuit is cut,

The armature brake stops the motor as power is cut.
Here are three design stages as fallows:
al  Shunt coil (11) 1Hust. B0B (displaced)
b} Mechanical spring frictional brake (displaced)
c) Reinforced brush springs

When trouble develops in the starting motor system and
the motor cranks the engine slowly or not at all, checks
should be made to determine whether the trouble is in
the starting motor, batteries, connecting wiring or else-
where,

Note: Starting motors differ in design and output. See
“Electrical Specifications™ and *'Mechanical Specifica-
tions',

When ordering parts observe manufacturers code plate
and date given in the paris catalog.

Preventive Maintenance

After every 1000 hours of operation or once a year re-
move cover {2) Ilust. 513 and carry out following in-
spection.

Note: Replace bolis {1} lllust. 513 after the cover is re-
moved,

Check that the brushas move freely in their holders by
holding back the brush springs and pulting gently on the
flexible connectors.

If the movement is sluggish, remove the brush from its
holder and clean its sides with a fluffless petrol moiste-
ned cloth. Replace the brush in its original position,
Brushes which are worn must be replaces as a set,

Check the tension of the brush springs using a spring ba-
lance. Spring tensions are given in “'Specifications”, If
the tension is.low, fit new springs as a set.
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The commutator must have a smooth blue/grey appear-
ance. It may be cleaned by pressing a fine dry cloth
against it while the motor is turned, If the commutator
is very dirty or oil contaminated, moisten the cloth with
petrol.

Check that all electrical connections are ¢clean and tight.
Any that are dirty or corrcded must be cleaned and the
contacting surfaces lghtly smeared with petroleumn jelly.

Ensure that the starting motor mounting bolts are tight
at all times. A loose mounting will cause pinion and ring
gear wear,

Check the cables for chafing or for cracking, particularly
at the point where the cable enters the terminal lug.

Approx, every two years disassemble the motor, Clean
and lubricate the motar with a special high rnelting point
grease,

L.ubrication

New bushings should be scaked in "Bosch oil 1v13" for
1/2 t0 1 hour before instaliation,

Using “Bosch Ft 2v3" grease, lubricate the following
peints lightly:

Journals and spiral splines of armature shaft. Shifter le-
ver fork and shifter rings.

Shims on commutator end.
Washer on armature drive end.
Spring and pinion of the overrunning clutch.

Pivot pin of the shift laver (lubricate more liberatly),

Diagrams

‘06E€-vDO

Ilust, 507
Bosch Number 0 001 364
(1.8 kW Starting Motor)

1 — Field coil/winding 2 — Closing and holding coil
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‘BBEC-VH

Iust, 508
Diagram, 3kW starting mozors,

R. Bosch Number Q 001 359 014
035
019
" 029
0 001 360 029
0001 364 029
1 — Field winding
2 — Closing coil {solenoid)
3 — Holding coit {solenoid)
4 — Shuntcoii (*

(¥ = Not used for 3 kW starting motors,
R, Bosch Number ¢ 001 359 Q&8

059
074
" 075
605679
M 1.3

S
L___#MEQ‘?@_J
1

Hlust. b08a

Bosch Number B 001 816 ...
R 362 ...
. e 367 .
1 - Field coil/winding
2 — Closing coil {solenoid)
3 — Holding coil {solenoid)
4 — Starter switch

Solenoid Switch:

Before fitting the solenoid switch, adjust dimension "a*’
as shown on next page,

If dimension "a” is not adjustable, inspect the actuating
slot in the switch rod for wear. Replace solencid switch
if necessary.
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Electrical Specifications

{llust. 508L

Dimension “a” {in puli-in pasition}

Starting motor 0 001 354 ... = 338 — 34.2 mm
{133 - 1.35"}
Starting Motor 0 001 364 .., = 34.0 — 34.2 mm
{1.34 — 1.35"}

1 - Secure here {with a spot of paint)

2 — Seal here
3 — Shims

Draw-in voltage

12V-system = 8 V min,
24V-system = 15 V min,

Starting Switch
Light running test Min. Amperage
Bosch Starting {idling) Lock Test Switch-on | Closing and | Holding
Order-Na. Motor Voltage at Holding Coit
Terminal Coil Only
Torque 50
V O |<A|>RPM| V A min.daNm A A A
0001354080 | JD-12v1.8kW {115 | 75 | 5000 |65 {|580-700 3.7 7.5 20 -
0.001 359 g;i Jo-12v3kw | 115|900 | 4800 | 4 | 760000 45 8 67 13
0001 360001 | JD-24V 4kW | 235} 50 | 5500 14| 760-880 6.2 18 38 8
0001 364 103 ' | 970-
T JD-24V48kW | 23 | 85 6500 | 12 1170 7 18 24 8

MOTE: Test Specifications are based on a battery rating similar to regular application, Electrolyte temperature must be

+20°C (68°F) and a supply cable of adequate cross section {low resistance) should be used.

Mechanical Specifications

PRIBTED N UNITED STATES OF AMERICA

Starting Motor JD-12V 18kW | JD-12V 3 KkW JD-24V 4 kW JD-24V 4 B kW

Brush spring pressure daNm 1-13 26—-28 28~38 28-38

from 11,75and

up 3.8 —-4.0
Starting switch, dimension "'a’’, mm S 248360 - — —
Switch, permissible contact wear,  mm 1-—2 1-2 07 —-1.3 0.7-1.3
Armature end play mm 0.1 —-0.3 0.1-03 0.1—-04 01-04
Armature breaking torque, Nem 45 -75 45 — 75 4-5658 45—-75
Qverrunning clutch torque, Nem 26 — 32 40 — 65 4—-55 45-75
Commutator, Dia, new, mm 42 42 42 42
Commutator, minimum Dia. mm 395 305 395 39.5
Commutator, max. run out, mm 0.05 0.05 0.05 0.05
Armature, max. run out, mm 0.10 0.10 0.10 0.10
Carbon brushes, min, length, mm (15 1858 15,6 5.5
Armature, shaft, running clearance, mm ' 0.095 — 0.14
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Testing in Position

— ‘glaz 9

My

“\.
{liust. b0S
1 — Solenoid
2 - Battery terminal
3 — Switch terminal
4 — Motor terminal
5 - Cable to field ¢oils
Starter Switch

Connect a voiimeter between terminal (3) 1Hust, 509
and earth and operate the starter switch.

No reading indicates a faulty switch or connection.

Check across the switch with a jumper lead to sse
whether the fault is in the switch or in the cable,

Solenoid

1. Connect a voltmeter between terminal (2) and
garth. No reading indicates a loose or corroded
cable connection,

2. Connect the voltmeter between terminal (4) and
earth and operate the starter switch. No reading
indicates a faulty closing or holding ¢oil or poor
solenoid contact.

Motor

Connect a voltmeter across the battery terminals (or
across the terminal of two batteries connected in series)
and operate the starter switch,

1. I the voltmeter records a voltage drop, current is
flowing through the coils but the armature is not
rotating, the motor must be disassembled for exa-
mination.

Note: When starting, voliage may fall to approx.
8 or 15 volts respectively, The actual figure
recorded will depend on temperature, condition of
the engine, sericus electrical resistances by loose,
cracked and corroded cables, poor contact or
faulty commutator,

2. If the voltmeter records a slight voltage drop,
current is only flowing through holding coil (3)
Nust. 508, there is a break in the electrical con-
nections or in the motor itself.

3. |f the voltmeter records a voltage drop below 6
or 12 volts, but the motor warks sluggish, check
the condition of all batteries. If the batteries
are in order, the slow action of the motor is the
result of serious electrical resistance, detailed in
1 above.

Bench Testing

Whenever possible test the starting motor on a test
bench, prior and after repair.

As an alternative method, the motor may be tested as
outlined below,

Hereby, it is impracticabie to carry out the partial load
test and the lock test is not quite as accurate.

However, the light running test is best to reveal the
essential fact to decide on an acceptable performance.
Proceed as follows:

Secure the starting motor in a vice and connect, in series,
a starter switch, an ammeter capable of carrying the
specified amperage and a battery as specified. Connect
a voltmeter between the motor terminal and the yoke.

Use a supply cable of specified resistance, Connect the
return cable to a fixing lug on the drive end bracket.

Hiust. 510
Instrument hook up for bench testing

CGES-310-1
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LIGHT RUNNING TEST

To avoid accidents, cover the pinion of the
overrunning clutch.

Operate the switch and note the speed of armature ro-
tation, using a tachometer, and the readings given by
the ammeter and voltmeter. These should conform
with the figures given in ‘*Specifications’.

While the motor is running, examine the hrush gear
and check if there is any undue sparking at the
commutator or excessive brush movement,

Note: A low idle speed reading indicates a higher
mechanical running resistance, i.e. worn bearings etc.
Usually this is accompanied by a lower voltage and
a higher amperage reading.

If, on the other hand, idle speed is too high the arma-
ture brake or brush springs may be defective.

Lock Test

LI
e )

y

G 2676,

Hlust. 511
Simple rig for measuring lock torque

1 — Spring scale

2 — Arm

3 — Holding devica
A — 305 mm = 72"

223

With the motor firmly clamped in the vice and meters
connected as shown in lllusts. 510 and 511, attach an
arm to the driving pinion and connect the free end of
the arm to a spring scale as shown in [llust. 51 1.

Operate the switch and note the current consumption,
voltage and the reading on the spring sceale. These read-
ings should conform with the specified figures.

Note 1: If the arm is 305 mm = 12 long, the scale wilt
read directly in torque. For other arm lengths, the
torque can be calculated by multiplying the scale read-
ing in pounds by tne langth of the arm in feet,

Note 2: To read in daNm of torque arm A should be 1
meter, f, for practical reasons, 1/2 of a meter or 1/4
of a meter are used, spring vaiues should be doubled or
muttiplied by four respectively,

Note 3: If a constant voltage bushar suoply is used when
carrying out the lock torque test, a higher lock voltage
may be shawn on the voltmeter than the value given in
“Specifications”. In this event, a variable resistor or
rheostat of suitabile current carrying capacity should be
connected in the battery circuit and adjusted until the
lock voltage is as specified. Readings of current and tor-
que should be taken at this vaiue,

Attention: Do not allow the motor tc overheat, Max.
permissible temperature 900C = 1849F, Max. time of
operating 1-2 sec.

Load Test

It a suitable test device and equipment are available, test
the motor under load. Refer to *Specifications'’”.

Note: To check correct engagernent and disengagement
of the pinion in the flywheel ring gear, pinion clearance
must be as specified.

For suitable ring gear, see the "Parts Catalog”,

CGES-3101
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Trouble Shooting

Trouble

Probable Cause

Starting motor will not operate or operates slowly,

Battery discharged or faulty,

Cables or terminals are loose, corroded or brocken,
Brushes worn or not seating properly,

Brush spring tension too low,

Commutator worn.

Burned or carroded switch parts.

Solenoid faulty.

Starting motor operates, but the pinion does not
engage the ring gear,

Foreign matter on armature shaft,
Damaged pinion or ring gear.
Splines or linkage damaged.
Closing coit or solenoid defective,

The pinion engages, but the starting motor daoes not
crank the engine,

Overrunning clutch slips.

Excessive voltage drop in the supply circuit.
Discharged or faulty battery.

Engine blocked {piston sticking).

Brush spring tension too low,

Solenoid defactive.

Motor continues to operate after the starter
switch is released.

Starter switch or solenoid faulty.

Pinion will not disengange.

Return spring of the solenoid fatigued or broken.
Spiral splines rough or damaged.
Shifter fork or linkage sticking.

Motor continues to rotate too long after power is cut,

Armature brake defective,

Brush springs fatigued or carbon brushes worn excessively.

CGES-3101
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Servicing
Disconnect battery ground cables.

Loosen the cables from the terminals of the starter sole-
noid.

Remove the motor and clean it externally,

Disassembly (3 kW Starting Motor)

Iust, 512

1 — Sofenoid
2 — Fillister head bolt

Clamp the motor in a vice, using soft metal jaws.

Remove the field lead from its terminal.
Remove bolts (2).

Lift the solenoid to disengage the plunger.

2099
Hust, 513
tlust 515
1 -~ Through bolt
2 — Dust cover 1 — U-washer 3 — Armature shaft
3 — O-ring 2 — Shims 4 — Commutator end bracket
CGES-310-1
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Remove bolts {1) lliust. 513, cover (2} and O-ring (3}.

llust. 514
1 — Brush spring 2 — Brush
Lift the brush spring and pull out the birush as shown in
lliust. 614,

Disconnect the flexible connectors from the terminal
tanys.

Bemove all brushes.

Remove U-washer {1} Hiust. 515, When pulling the end
bracket {4} from the armature shaft (3} carefully remove
shims {2} in front and behind the commutator end
bracket,

Do not drop or mix up shims.

Note the thickness of each shim pack to simplify reas-
sembly,
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tlust. 516 Hlust, 518

1 — Arrnature

2 — Center bearing

3 — Shift lever

4 — Drive end bracket

Lift the armature and the center bearing {2} as shown in
Illust, 518, then disengage shift lever (3} and separate
the armature from drive end bracket {4).

1 — Brake thrust washer
2 — Brake disk

{f so furnished remove washer (1) and disk {2).

Iflust. 519
{thust. 517
® T Hollow drift
1 — Yoke 2 — Pinion stap

3 — Overrunning clutch assembly

2 - {.ocating tang !
4 — Center bearing

3 -- Locating recess

4 - Shift lever pivot screw . \
5 — Drive end bpracket Ijr.i::(:))inion stop (2) off the snap ring, using hollow
ri .

After the commutator end bracket is removed, lift off Remove the snap ring and slide parts {2-4) off the shaft
yoke {1} Hllust, 517, Remove shift lever pivot screw {4}, end.

CGES3104
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{Hust, 520

[Hust, 521
1 — Pinion stop 5 — Brake spring 1.8 kW starting motor, commutator end
2 — Snap ring 6 — Thrust washer bracket and yoke removed
3 — Overrunning clutch assembly 7 — Brake disk
4 — Center bearing 8 — O-ring

1 — Contact washer

Remove parts {4-8) {liust. 520 from the armature shaft, 2 — Shimis)
if so equipped. 3 - Siuds
4 — Armature
Disassembly (1.8 kW Starting Motor) 5 - Center bearing
6 — Drive end bracket
7 — Pirion stop
8 — Shift lever pivot pin screw
9 — Through bolt

Remove dust cover,
Disconnect leads and remove brushes,
Disconnect field lead from soienoid.

Remove the two stud nuts to free the commutator end 10 — Solenoid

bracket, "

Pull the end bracket from the armature shaft and lift off

the yoke, Remaove studs (3), screw {8) and bolts ().

LHEED

Iltust. 522

Remove armature and solenoid.

CGES-310-1
PRINTED IN UNITED STATES OF AMERICA




228

g
HHust. 523
1 — Armature
2 — Brake disk
3 — Thrust washer
4 — Spring
5 — Center bearing
& - Spring
7 — Shift ring halves
8 — Spring

G — Overrunning clutch assembly

Remove pinion stop (7} Hlust. 521, slide parts {2-9}
ltust, 383 from the armature shaft. ’

e ﬁ;& "'Q

83384,

Do not wash or dip bearing bushings or overrunning
clutch in a grease dissolving agent,

Brushes

Worn brushes must he replaced when the gap between
their flexible connectors and guides is less than 3.9 mm
{6/32").

New brushes do not need “bedding” but check to see
that they move freely in their boxes.

Brush Springs

Spring tension must be checked in operating position, i.e,
with the spring bearing on the brush and the brush an
the commutator.

Replace the spring set when the tension of one spring is
not within specifications. Be sure new springs are press-
ing on the center of the brushes.

Commutator

Clean the commutator with a strip of very fine "emery”’
cloth, Check for lifted, worn and burned segments, Care-
fully examine the commutator for thrown solder and
high mica. If necessary, mount the armature in a lathe.

Assure the armature shaft is in line and not bent. Refer
to “'Specifications’”. Rotate at high speed and take a
light cut with a very sharp (Diamond) tool, Do not re-
move more material than necessary. Refer to "“Specifica-
tions”.

With a commutator saw blade conforming with the
thickness of the mica between the bars undercut eventy
up to0 0.8 mm (.03},

Finally, again mount the armature in a lathe and take a
polish cut of about 8.03 mm (.001""} ro remove under-

4 cutting burrs,
Hiust. 524
1 - Solenoid Armature
2 — Cover . o
3 .- Contact facas Check for loose turns in the armature windings for worn
4 - Contact bridge spiral splines and toose binding bands.
Remove cover (2} from solenoid {1) [llust, 384. A damaged armature must always be replaced and not
attempt should be made to machine the armature core
Cleaning, Inspection and Repair or to true up a distorted armature shaft, An indication
of a bent shaft or a loose pole shoe, may be given by
Clean the components of the motor. scored armature laminations.
CGES-310-1
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BEARING BUSHINGS

Check bearing bushings of the commutator end bracket,
drive end bracket and center bearing. To prevent arma-
ture and pole shoe damage remove bushings which are
excessively worn. New bushings must be pressed into
their bores with a shouldered, highly polished mandrei
of the same diameter as the armature shaft,

The armature must spin freely without brushes installed.

If it does not, do not rework bushings with a reamer,
Use a polished mandrel which is slightly farger in dia-
meter than the shaft to get the necessary running
clearance,

Electrical Test

Ittust, 525
Checking armature insulation

1 — Spiral splines
2 — Binding bands
3 — Commutator

To check armature insulation, use an ohmmeter or 40.
voit a.c, test lamp. infinite reading should be shown on
the meter, or the test famp should not light, when con-
nected between the armature shaft and the commuta-
tor segments. Faulty insulation will be indicated by a
low ohmic reading or by the tighting of the test lamp.

If a short cireuit is suspected, check the armature ona
“growler’" or use a conventional testing tool as shown in
Hiust. 526A,
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Q264

Hiust, 526A
Short circuit testing tool

Note: The motor overheating may cause thrown solder
to short circuit the commutator segments.

Note: If so equipped the shunt cojl end {1) ust. 526B
rmust be unsoldered, when testing the coils,

Hust. 526B
Break test

1 — Shunt coil end {unsoldered)

2 — Field coil ends {brush connectors)
3 — Lead to solenoid

4 — Ohmmetar

Break Test

Use an ohmmeter. Connect its two probes to lead (3}
and in turn to each of the coil ends {1 and 2)

It the reading is more than .003 ohm or a 12 volt test
buib connected as above does not light, there is a break
in the coils.

Insufation Test

Connect an ohmmeter or a 40 volt a.c. test lamp be-
tween lead (3) and a clean part of the yoke.

CGES-310-1
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Lighting of the lamp or a jow ohmic reading indicates
that the field coils are earthed to the yoke.

Replace the yoke assembly when tests reveal any coil da-
mage or pole shoes are burnt and scored by the armature
due to bearing failure.

Connect an ochmmeter or a 40 volt a.c. test lamp bet-
ween each of the two insulated brush boxes (1) Illust,
627 on the commutator end bracket, and the end bracket
itself.

Lighting of the lamp or a low ohmic reading indicates
that the box is earthed to the bracket.

Ifust, 527
" Testing insulation of the brush boxes

1 — Insulated brush boxes
2 — Earthed brush boxes

Note: Clean off all traces of carbon dust before making
this test.

Reptace the commutator end bracket, when insulation is
damaged,

Overrunning Clutch Assembly

Check pinion (2) lllust, 528 for wear and damage. Slide
the clutch assembly on the armature shaft 1o check for
binding,

‘RI92 9

Hlust. 528
1 — Bushing
2 — Pinion

3 - QOverrunning clutch
4-5— Shift rings
6 — Pinion spring

Check the overrunning torque of the pinion, using a
torque balance as shown in {llust, 530. Refer to *'Speci-
fications™,

Important: |f overrunning torque is insufficient the
pinion slips earlier than specified, i.e. there may be no
positive power-lock between the starting motor and the
flywheel.

When the overrunning torgue is higher than specified
there is danger of over-speeding the armature, when the
engine starts firing.

The clutch assembly must be replaced when parts of the

clutch are worn or the overrunning torque of lock me-
chanism is not as specifiea.

Solenoid

Check to see the amperage the closing- and holding coil
is within ""Specifications’”,

Replace the solencid with new one, if respective checks
are not satisfactory.

Note:Above check should be made with solenoid in place.

Reassembly

Assembly of the starting motor is reversal of the disas-
sembling procedure. The following points must be ob-
served:

CGES-310-1
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Every component must be clean and dry,

Grease bearings, shims, spiral ‘splines, shifter rings and
the plunger of the solenoid with s long time lubricant
or special starting motor grease.

Install shim packs as found in disassembly in front of
and behird the commutator end bracket.

Be sure the locating tangs of the yoke engage in the re-
cesses provided for this purpose in the drive end bracket,
in the center bearing and also in the commutator end
bracket.

Hust. 529

1 — Commutator end bracket
2 — Through bolts
3 — Dust cover

4 — O-rings
5 — Insulation sleeve
6 — Shims

231

Install the two through bolts (2) Ilust, 529 with dust co-
ver off,

Install the U-washer and check the end play of the arma-
ture with a feeler gauge. Refer to “Specifications”, |f
end play is more than specified, add shims {6) as neces-
sary.

Check to see that the armature spins freely, then install
brushes.

fnstalt new O-rings (4). When finally instailing bolts {2)
be sure to fit also their insuiation sleeves (5).

Check the breaking torque of the armature, using a
torque balance. Refer to “'Specifications”,

630033

Hlust. 530
Checking breaking torque

If the armature does not slip within specifications, see
for armature shaft binding or low brush spring tension.

CGES-310-1
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STARTING MOTOR (JF-Series)
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Itlust. 531
‘:jS.é.ési.énaI view of JF starter
1-— Hou:siné;, drive end 5 — Shift lever 9 — Thrust collar, commutator

2 — Overrunning clutch assy.
3 — Pinion stop =
4 — Stop on armature

7 — Grommet

General

The JF Starting motor is designed on the same general
principle as the JD model.

Main differences are as follows:
a) Six-roller overrunning clutch with self centering,
b} Shorter spiral splines with stop ring {4) on armature

shaft.
&7

6 — Cover commutator end

8 — Coll spring, brush

10 — Shims, end float
11 — U-washer
12 — Bushing, oilless

¢} No mechanical armature brake. Braking action is
taken care of by increased brush pressure.
d} Coil type brush spring and special brush holder assy.

e} Shims for armature end float adjustment, accessible
without disassembly,

Although the principle of operation is the same, assem-
biy and disassembly procedures are somewhat different.

For Circuit Diagram, see “JD’ Starting Motor.,
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Elecirical Specifications
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Min. Starting Switch
Lock Test Switch-on Amperages
Light Running Test Voltage Closing and { Holding
R. Bosch . {{dling) Torque {at Terminal Holding Coil
Starting Mot
Order-No. arting Wotor min. 50 Coll Only
v <A|>RPM | V A daNm Y A A
0001352 oo | sF12vaakw {115 [ o5 | es00 | 45 |700800| 24 75 60 12
0001 362 300 850-
201 JE12v2.7kQ (118 {12611 7000 4.5 1000 35 75 60 12
0 001 367 001 1150-
wor een 002 | JF-12V 3kW 1115 | 130 | 7000 7.2 57 8 60 12
1300
< ... 003
900-
BO0T1816042 | JF-2avakw | 23 | 85 7000 | 1356 1050 6.5 18 24 6

NOTE: TEst Specifications are based on a battery ratin
+20 C (68 F) and a supply cable of adequate cross secti

Mechanical Specifications

g similar to regular application. Electrolyte temperature must be
on (low resistance) should be used.

PRINTED IN UNITED STATES OF AMERICA

Starting Motor dE-12V 24 kW | JF-12V 27 kW | JF-12V 3 kW JF-24V 4 kW
Commutator, minimum Dia., mm 425 42,5 425 425
Commutator, max. run out mm 0.05 0.05 0.05 0.05
Armature, max. run out mm G.10 0.10 0.1 -04 0.1-04
Armature, end play, mm 01-04 0.1 -04 01-04 0.1-04
QOverrunning clutch torque, daNem 35 -85 35-65 35—-6.5 35 -85
Armature breaking torque daNem 45~ 75 45 -75 50—-12.0 50120
Brushes, min. length, mm 85 8.5 8.6 8.5
Brush spring pressure, daN 24 2.4 3.1 3.1
Armature shaft, running clearance in bushings mm 0.095 - 0.14
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TURBOCHARGER

Turbocharger (Airesearch) TO-466, TO—476, TO—4B

lfust. 632
Models TO—-466 and TQO—476 shown. TO—4B similar

1 ~ Compressor housing

3 — Compressor wheel 9 — Seal ring

8 — Turbine housing

17 - Thrust washer
18 — Seal ring

19 - Thrust collar
20 - Center housing
23 — Spring pin

*4 — Diffuser 10 — Thrust collar spring
*5 — V-Clamp 11 — Bearing retainer
6 — Shroud 12 — Bearing
7 — Back plate 13 — Turbine wheel and shaft

* Used only on Models TO—486 and TO-476

General

The turbocharger is essentially an exhaust driven biower.
lts purpose is to increase diesel engine power output by
supplying compressed intake air to the engine.

The turbocharger consists of a turbine wheel and a cen-
trifugal blower impeller, or compressor wheel separately
encased but mounted and rotating on a common shaft.
The power to drive the turbine wheel, which in turn
drives the compressor, is obtained from the energy of

the exhaust gases, The rotating speed of the turbine
changes as the energy level of the exhaust gases changes
s0 the engine is supplied with enough compressed intake
air to burn the fuel for its load requirements.

The large volume of oil flowing through the turbochar-
ger bearing housing is of vital importance for cooling and
lubricating the unit. Heat and its dissipation is an in-
herent factor in turbocharger operation. Meat originates
not only on the turbine side by exhaust fumes, but also
on the compressor side in the process of air compression

CGES-310-1
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TURBOCHARGER

and frictional hedd due to the high speeds of the core
assembly. A minimur inlet oil pressure must therefore
be maintained to assure the necessary oil volume,

Carbon deposits in the bearings are also a sign of exces-
sive heat, often resulting from disregarding basic instruc-
tions given in the Operator's Manual. If for instance a
hot engine is shut-down without previous idling the oil
in the bearing wifl burn as soon as it stops circulating, re-
sulting in carbon deposits which reduce efficiency and in
severe cases cause turbocharger failure.

All connections to the turbocharger (manifolds and Dip-
ing) must be clean and free of foreign material, since
serious damage to the turbocharger or engine could re-
sult. Ali connections must be air—tight.

Note: Air flow requirements for diesel turbocharged en-
gines are considerably greater than for an non--turbo-
charged engine of the same size running at the same
speed. Air inlet accessories, such as pre--cleanars, etc.
must be regularly serviced to minimize the restriction at
this higher air flow and to maintain performance of the
turbocharger unit.

Periodically, check the boost pressure against specifica-
tions,

The engine crankcase breather must be cleaned periodi-
cally to be sure there is no resiriction.

During normal operation, the turbocharger should be
free from vibration or unusual noises.

The exhaust stack must be covered to prevent water
from -entering and damaging the turbine during shut--
down periods or when the unit is being transported.

Pericdically inspect the compressor wheel for soft car-
bon deposits, damaged blading, interference or exces-
sive end play, see specifications.

Allow exhaust manifolds to cool before remaoving the
turbocharger from the engine. This will prevent warping
of the exhaust manifold and turbocharger mounting
flanges.

To prevent premature failure of-the turbocharger, check
end play and running clearance of turbine and compres-
sor shaft after every 3 000 hours of operation, refer to
"Inspection and Repair”’,

Whenever it becomes necessary to replace either whesl
due to unbalance etc., a matched set of both the turbine
and compressor wheel as balanced &t the factory must be
used. Never attempt 10 repair a damaged whesal or ta in-
termix a compressor wheel from one unit with a turbine
wheel from another unit, or vice versa.
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SPECIFICATIONS

Shatt Wheel Assembly:
Running clearance
End play

Boost Pressure at
rated RPM and load

Maximum Vacuum in
air suction side

TORQUES

*Bolt, turbine housing/
center housing

Bolt, back plate/
center housing

**Locknut, Compressor
wheel

Models TC-466 & TO-476
V-clamp
V-clamp {stainless steel}

Models TO-4B-12.18 & 25

Bolt, back plate/
compressor housing

METRIC ENGLISH
0.08-0.15 mm| .003-.005 in
0.025-0.1 mm{ 001-.004 in

66-80kPa | 96-11.6 psi

6.2 kPa 1.8 in of Hg
11-15 Nem [100-130 |bF-in
456.7 Nem | 4060 bF-in

2-2.2 Nom 18-20 [bF-in
plus 1/4 turn | plus 1/4 turn

459 Nem { 40-80 IbF-in

16-19 Nem |140-170 IbF-in

12-15 Nem |110-130 IbF-in

* Threads coated with anti-seize compound,
** Threads and locknut face oiled,

Inspection Before Removing the Furbocharger

Insufficient power output of the engine may be caused
by declining turbocharger efficiency.

Make sure whether the turbocharger or the engineg is
fautty, before removing the turbocharger.

1. Check intake and exhaust manifolds and all air

ductings for leakage.

2. Check the boost pressure in the intake manifold
and the vacuum pressure in the air suction hose
against specifications.

CGES-3101
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TURBOCHARGER
3. If boost pressure is poor, remedy all leaks, replace 8. Check engine under load conditions. Excessive
restricted air cleaner element with new one and re- exhaust smoke indicates improper fuel—air mix-
peat step 2. ture and could be a result of either engine over-

4, If boost pressure remains insufficient, check for
lodged foreign material in the compressor and
turbine. Check for correct fuel injection pump
setting. 9.

5. Check forexcessive dirt build-up in the compressor,
impeller and turbine. Determine and correct the
cause of build-up.

6. Check for proper oil pressure at low idle and rated
rom.

7. Check for rotlating assembly bearing seizure. With
the compressor housing removed, push the impel-
ler forward the turbine whesl end and turn rotat-
ing assembly by hand. Check for binding or rubb-
ing, listen for unusual noises.

ioading {improper injection pump adjustment) or
turbocharger malfunction.

Remove and disassemble the turbocharger for in-
spection if binding or any restriction is evident
and/or running clearance or end play of the wheel
shaft assembly is not within specified limits.

Note: Bearing inspection can be made while the
turbocharger is still mounted on the engine. To do
this remove exhaust elbow (2), air suction tube {6}
and oil drain pipe (10) lllust, 532a.

Checking procedure, see "Inspection after Remo-
val™.

Hlust. 532a
Turbocharger Model TO--48, mounted on DT—402 Diesel Engine shown

1 — Muffler

2 — Exhaust eibow

3 —~ Turbine housing

4 — Center housing

5 — Compressor housing

6 — Air suction tube

7 -~ Air cross-over tube

8 - Air suction hose
{to air compreassor)

9 - Qii supply line

CGES-310-1

10 - Oil drain pipe

11 - Sender unit {coolant gauge}
12 — Switch {cootant warning light)
13 — Switch (air cleaner restriction)
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TURBOCHARGER

Removal
Clean the turbocharger externally.
To facilitate reassembly mark:

a) Turbine housing—to—center housing
b} Back plate--to—center housing
c] Compressor housing—to—back plate

Remove the muffler (1) and etbow (2} lllust. 2.
Remove air ductings.

Remove oil supply line {9} and drain pipe (10},
Remove turbocharger as a unit.

Note: Be careful when removing housings to prevent
damage to compressor and turbine wheel.

Do not rest the unit on wheeis, once damaged, they can-
not be repaired.

Modeis TO—466 and 476:

Remove V—Band and lift off the compressor housing
from the back plate. Remove the diffuser from the com-
pressor housing.

Models TO—-4B

Hemove bolts, clamps and lock plates which hold the
compressor housing to the back plate.

Remove bolts, clamps and lock plates which hold the

turbine housing to the center housing group. Tap with a
soft hammer if force is needed for removal.

Inspection after Removai

Wheel Shaft Running Clearance

Hiust. 533
Set—up of the dial indicator

Fasten a dial indicator with two inch indicator extension
to the oil drain hole, using a suitable mounting adapter.
Hlust, 533,

Make sure the tip of the extension rests on the center of
the turbinie wheel shaft.

Pre—load the dial indicator about 6 mm (.25 in} and
zero the indicator.

Move the turbine wheel shaft forward and away from
the indicator. 1Hust. 534,

Take care to move the shaft in the same direction as the
dial indicator travels. Appiy equal pressure to the shaft
at both ends simultaneously.

The total dial indicator displacement should not be tess
than 0.08 mm (.003 in} or more than 0.15 mm (.006 in}.
Repair if not within these limits.

Nust. 534
Checking shaft running clearance

Wheel Shaft End Play

Fasten a dial indicator to the back plate so that the indi-
cator tip rests on the end of the shaft, or use method as
shown in iliust, 535,

iltust. b3b
Checking end play

CGES-310-1
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TURBCCHARGER

Move the shaft axially back and forth by hand.

The indicator reading should not be less than 0,025 mm
{.001 in) or more than 0.10 mm {.004 in}.

Take down for repair if not within these limits,

Disassembly

CE.87593 e

Hlust, 536
Removing compressor wheel lock nut

Remove the lock nut. Be careful not to apply side thrust
when loosening the lock nut as it is possible to bend the
shaft,

Slide the compressor wheel from the shaft. If, after ex-
tended use, the wheel requires a light press to remove
due to carbon build—up, the center housing must be sup-
ported on an arbor press.

llust. 537
Removing compressor wheel

Grind a radius on the end of a 1/4 inch bolt 10 fit the
end of the turbine shaft.

Press the shaft from the compressor wheel. In the same
time hold the turbine wheel to prevent it and the shroud
from dropping lHust. 537.

Remove four lock plates and bolts from back plate (15}
llust, 538 or {16) 1llust. 539,

Tap back plate with soft mallet to remove it from the re-
cess in the center housing.

Remove thrust collar and thrust bearing from the center
housing.

Remove bearing and retainers from center housing.

Note 7: The turbine wheel shroud is not retained to the
center housing and will fall free, when the shaft wheel is
removed.

Note 2: Do not remove the two inboard retainers {22)
Hiust 538 or {21} tllust 539. These retainers are subject
to distortion in removal and must be replaced whenever
removed. However, if they appear to be damaged and
worn, they must be replaced.

Cleaning

Before cleaning, inspect ail parts for signs of rubbing,
burning or other damage which might not be evident
after cleaning.

Soak all parts in clean carbon solvent. After soaking use
a stiff bristle brush and remove all dirt particles. Dry
parts thoroughly.

Note: Normally a light accumulation of carbon depo-
sits will not affect turbine operation.
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1 — Compressor housing
2 - V—Band coupling

3 — Diffuser

4 — Shroud

5 — Turbine housing

6 — Bolt

7 — Lock plate

8 — Clamp

TURBOCHARGER

8
[=e]
l=]
oy
<
<
0
Hlust, 538
Turbocharger, models TO-466 and TO—476
9 — Lock nut 17 — Seal ring
10 - Compressor wheel 18 — Piston ring
11 — Turbine wheel and shaft 19 — Thrust collar
12 - Seal ring 20 — Thrust washer
13 — Balt 21 — Bearing
14 -- Lock plate 22 — Bearing retainer
15 — Back plate 23 - Center housing

16 - Thrust coltar spring

CGES-310-1
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Hlust, 539
t — Bolt 8 — Lock nut
2 — Lock plate 10 —~ Compressor wheel
3 — Clamp 11 - Seal ring
4 — Compressor hausing 12 — Turbine wheel and shaft
5~ Bolt 13 — Shroud
6 - Lock plate 14 — Bolt
7 — Clamp 15 — Lock plate

8 ~ Turbine hausing

TURBOCHARGER

Turbocharger, models TO—4B

16 — Back plate

Inspection and Repair

1.

Parts must not shown signs of damage, corrosion
or deterioration. Threads must not be nicked,
crossed or stripped.

Turbine wheel must show no signs of rubbing and
vanes must not be torn or worn to a feather edge.

fmpeller must show no signs of rubbing or damage
from foreign material. It must be compleiely free
of dirt or other foreign material. Impeller bore
musi not be galled.

Seal parts must not show signs of rubbing or scor-
ing an running faces.

Housings must show na signs of contact with ro-
tating parts. Oil and.air passages must be clean and
free of obstructions.

COES3I0:
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17 — Seal ring
18 — Thrust washer
19 - Seal ring

20 — Thrust collar
21 — Bearing retainer
22 — Bearing

23 — Spring pin

24 — Cenler housing

Replace any part which fails to meet the require-
ments of 1—5 above.

Replace bearing retainers and lock plates after eve-
ry disassembly.

Replace damaged bolts.

Mote: If bearings and thrusi bearing show signs of
nicks, scores, shellac deposites or foreign material
imbedments or if tin plate is worn off, replace. If
specified running clearance ar end play is-exceeded,
replace bearings with new cnes.

On models TO—466- and 476 inspect diffuser (3)
tlust. 538, Replace if necessary.
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TURBOCHARGER

Reassembly

OCbserve strict cleantiness and assemble as follows:

1.

10,

With a sharp pick install new ipboard bearing re-
tainers {21) tliust, 539 or (22} lilust. 538, (If they
were removed.)

Lubricate bearings with engine oil and insert. In-
stail new outer bearing retainers.

Install seal ring {11} lllust. 539 or {12) Illust. 538
into the groove on the turbine wheel shaft.

Place the shroud over the turbine end of the center
housing. Carefully insert turbine wheel and shaft
through the shroud and center housing.

Install a new seal ring (19} llust. 539 or (18) Hlust,
538 onto the thrust collar.

Install thrust washer (18} Hiust. 539 or {20) Illust.
538 onto the collar with the flat surface of the
washer toward the large diameter of the collar.

fnstall collar over the turbine wheel shaft thrust
washer first and engage the holes in the washer
with the anti-rotating pins in the center housing,

Install a new sealing ring {17) Illust, 538 and 539
into the groove in the compressor side of the cen-
ter housing.

Check to be sure the thrust collar spring is correct-
ly seated in the back plate.

Align the marks-(made during disassembly) on the
back plate with those on the center housing and
install the back plate over the shaft and thrust col-
lar. Be careful not 1o damage the seal ring, when
engaging the thrust collar into the bore in the back
plate.

To facilitate installation of the back plate enter
the open side of the seal ring into the back plate
first.

[nstall back plate bolts with lock plates. Torgue
bolts as specified and secure by bending the Inck
tabs on the lock plates against the belt head.

Slip the compressor wheei onto the turbine shaft.
Apply a small amount of engine oil to the threads
and washer face of the lock nut.

Install lock nut finger tight.
Place the assembled center housing in a vise

equipped with brass jaws; clamping on the hex on
the end of the wrbine wheel.

CGES-310-1
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14.

16,

19.

Tighten comgressor wheel lock nut using a wrench
with a double universal joint so as to avoid side
loads which could cause the shaft to bend,

Tighten lock nut to specified torque then tighten
an additional 1/4 of a turn,

Remove the assembly from the vise and spin the
wheels by hand. The wheels must rotate freely.

Check to be sure the turbine wheel does not rub
against the shroud.

Align the marks {made during disassembly} on the
cenier housing with those on the turbine housing.

Install the turbine end of the center housing into
the turbing housing.

Coat the threads of the bolts (14) Illust.539 or
{13} Must. 538 with anti-seizing compound.

Install the bolts with clamps and lock plates.
Torque bolts as specified and secure.

Models TO—466 and 476:

Install diffuser (3} llust. 538 into the compressor
housing. Align the marks on the compressor hous-
ing with those on the center housing and back
plate.

Install clamg (2) and tighten clamp bolt to speci-
fied torque.

Models TO--48:

Align the marks on the compressor housing with
those on the center housing and back plate.

Install the compressor housing using bolts, ctamps
and lock plates. Toraue the bolts as specified and
secure the bolts.

Push the turbine shaft as far as possible from the
turbine end and check for binding during rotation.

Repeat check, pushing from the compressor end.
The shaft must rotate freely with no interference
at either end of the turbocharger.

tf the turbocharger is not to be installed immedia-
tely, tubricate internally and install protective co-
vers on all openings,
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TURBOCHARGER

installation

a) Remove and thoroughly clean the piping con-
necting the air cleaner to the turbocharger.

b

Remove the air cleaner element and thoroughly
ciean the inside of the air cleaner housing.

¢) Install a new air cleaner element. Shaking the
old element 10 remove embedded particles is
not satisfactory as some wiil remain and vibrate
loose during operation. These pieces can then
be sucked back inic the turbocharger and again
damage the compressor wheel.,

Inspect the exhaust manifold for pieces of gaskets
or other foreign material. If any foreign material is
evident remove the manifold and clean it,

Inspect the cil drain line to be sure the inside dia-
meter has not been reduced by swelling or that the
line is not clogged. Also inspect the oil supply line
far dirt, clogging or deterioration.

Inspect the turbocharger mounting pad on the
mamifold for flatness. Be sure all of the old gasket
has been removed.

Check the oit change period. If the next change
period is near, it is recommended that the oil and
ail filter element be changed hefore operating the
turbocharger.

CGES-310-1

Install the turbocharger, using new gasket and seat.
Coat the threads of the attaching bolts and the
piston ring which sezals the exhaust elbow, with
high temperature campound.

Install pipings in such a manner as 10 impose no
compressive bending or torsional loads on turbo-
charger.

Note: Before connecting the oil inlet line to the
turbocharger put 120-150 ml (4-5 oz.} of lubricating
oil into oil inlet opening in top of turbocharger.

Befare connecting oil drain pipe {10) lllust. 532
turn the engine until an even oil stream leaves the
turbocharger.

Operate the engine observing the turbocharger for
any of the following:

al Unusual turbocharger noises.

b) Lubrication leaks.

¢} Fastening to the engine not secure.

d) Excessive vibration.

e} Excessive exhaust smbke.

f) Air leaks in the air cleaner—to-—turbocharger or
turbocharger—to--intake manifold ducting.

Investigate and correct any of these conditions
immediately to avoid possible turbocharger or en-
gine failure.

Retighten cap screws, nold down nuis, air connec-
tions, and oil connections to and fram the turbo-
charger after the initial warm-up,
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TROUBLE SHOOTING INFORMATION

Trouble

Probabie cause

Remedy

Noisy operation or vibration.

Bearings are not being lubricated.

Supply required ol pressure. Clean or
replace oil line or clean oit strainer.

If trouble persists, overhaul the
turbocharger.

L.eak in engine intake or
exhaust manifold.

Tighten loose connections or replace
manifold gaskets if necessary.

Engine will not deliver
rated power.

Clogged manifold system,

Clear all ducting,

Foreign material lodged in
compressor, impeller, or turhine,

Disassemble and clean.

Excessive dirt built—up
in Compressor.

Thoroughly clean compressor
assembly. Clean air cleaner and
check for leakags.

Leak in engine intake or
exhaust manifold.

Tighten loose connections or
replace manifold gaskets as necessary.

Rotating assembly bearing seizure.

Qverhaui turbocharger.

Note: |f shrill whine is heard, shut down the engine immediately. The whing indicates imminent turbocharger bearing

failure.

Do not confuse the whine heard during run—down, with one which indicates a bearing failure during operation.
Other unusual noises would prabably resuit from improper clearance between turbine wheet and turbine housing.
If such noises are heard, the turbocharger must be overhauled.
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