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IMPORTANT INFORMATION FOR SERIES 60
SERVICE MANUAL OWNERS

Thank you for your recent purchase of Detroit Diesel’s Series 60 Service Manual (6SE483).

Please take a moment to register your manual by completing and faxing/mailing the registration card below or
for faster service registering online at: http://207.91.252.10/register

To insure you have the latest service information and manual pages Detroit Diesel Corporation (DDC) releases

Service Information Bulletins (SIBs) which are available free-of-charge via the “Internet” or through a twelve (12)
month subscription ($50.00 U.S. $).

To Obtain Service Information Bulletins (SIBs) via the “Internet”:

Access the DDC Website at: www.detroitdiesel.com
Click on the “Service” icon

Select the icon for “Series 60 SIB’s”
Select the SIB(s) you want to read/download (Note: Acrobat Reader required to download SIBs)

At you wish to be notified when new Series 60 SIBs are posted, enter your “e-mail address” on
the Registration Card below.

i ol

To Obtain A Twelve Month Service Information Bulletin (SIB) Subscription:

1. Complete the Registration Card below indicating your desire to obtain a twelve (12) month subscription for
$50.00 (U.S. $).

2. Mail the completed Registration Card along with your payment (check or money order payable in U.S. dollars)
to:

Detroit Diesel Corporation

c/o Robot Printing, inc.

12085 Dixie

Redford, Michigan 48239-4700

To Record A “Change Of Address” or “Manual Ownership”:

1.  Online access the “Change Of Address” page at: http://207.91.252.10/register and indicate if information
is for a change of address or ownership. Input the requested information.

2.  Mail or fax the “old” and “new” address/owner information (including name of manual i.e. 6SE483) to:
Detroit Diesel Corporation ,
c/o Robot Printing, Inc.
12085 Dixie
Redford, Michigan 48239-4700
Fax: 313.255.7683

REGISTRATION CARD

(Please Print or Type Information)
] Piease register my Series 60 Service Manual (6SE483).
] Please enter my twelve (12) month subscription for SIBs. Enclosed is the

E:Lj | appropriate fee.
I Name
5 : (FIRST)} (MIDDLE INITIAL) (LAST)
B Address
lé-l ! (STREET or P. 0. BOX)
| City State/Province
Zip/Postal Code Country
E-Mail Address Date

(REQUIRED FOR ONLINE S1B NOTIFICATION)

Note: This information can be faxed to DDC at: 313.255.7683.
6SE483 (0007) Serial #L8308832
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CALIFORNIA
Proposition 65 Warning

Diesel engine exhaust and some of its
constituents are known to the State of
California to cause cancer, birth

defects, and other reproductive harm.




SERIES 60 SERVICE MANUAL

ABSTRACT

This manual provides instruction for servicing on-highway, construction and industrial, generator
set, and marine applications of the Detroit Diesel Series 60 Diesel and Natural Gas-Fueled
Engines.

Specifically a basic overview of each major component and system along with recommendations
for removal, cleaning, inspection, criteria for replacement, repair and installation and mechanical
troubleshooting are contained in this manual.

DDEC IIVIV troubleshooting concerns are contained in the DDEC III/IV Single ECM
Troubleshooting Guide, 6SE497.

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORFORATION
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ENGINE EXHAUST

Consider the following before servicing engines:

a CAUTION:

Diesel engine exhaust and some of its constituents are
known to the State of California to cause cancer, birth
defects, and other reproductive harm.
O Always start and operate an engine in a well ventilated
area.
O If operating an engine in an enclosed area, vent the
exhaust to the outside. .
O Do not modify or tamper with the exhaust system or
emission control system.

Al inf tion subject to ge without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION
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REVISION NOTIFICATION

Moadifications to this manual are announced in the form of Service Information
Bulletins. The bulletins include attachment pages and are posted on the World Wide Web
(www.detroitdiesel.com/svc/sibindex.htm).

Revisions to this manual will be sent marked with a revision bar (see Example 2). Sections
containing revisions will have a third line in the page footer (compare Examples 1 and 2).

PUBLICATION
YEAR MONTH

| 2901

o bject to change wihout notice.
832901 ) © 1899 DETROIT DIESEL CORPORATION

Example 1 - Unchanged Pages

The active switch input represents a low (grounded) external input
circuit to the ECM.

PUBLICATION
YEAR MONTH

9901

ot to change without natice.

€SE483(9901 ) © 1999 DETROIT DIESEL CORPORATION From Bulletin 1-60-99

Example 2 - Changed Pages

All information subject to change without notice,
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION



SERIES 60 SERVICE MANUAL

All inf fon subje notice.

¢ to change with
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

iv



SERIES 60 SERVICE MANUAL

TABLE OF CONTENTS

GENERAL INFORMATION ..o.oouemeeesecmmnessessecsssemsesssssssesssesseenseeseeemessns 1
SCOPE AND USE OF THIS MANUAL «.eoeeoeooeeeoeeooeoeeeoooo 3
CLEARANCE OF NEW PARTS AND WEAR LIMITS oo 3
THE FOUR CYCLE PRINCIPLE FOR DIESEL ENGINES ..., 4
FOUR CYCLE PRINCIPLE FOR NATURAL GAS ENGINES ....o............. 6
GENERAL DESCRIPTION  ..eooeeeeeeeeeeeeeeeeeseees oo 8
GENERAL SPECIFICATIONS  ...ooeeeeeemeeeeeeseceee oo 13
GENERAL SPECIFICATIONS FOR THE SERIES 60G ENGINE ............ 14
ENGINE MODEL, SERIAL NUMBER AND OPTION LABEL ................... 15
ENGINE MODEL, SERIAL NUMBER AND OPTION LABEL (SERIES
BOG ENGINE) .....ovoviveereeereeeeeereeeeeeeeesseessessssessesessseseeeesse s eeee e 18
REPLACING AND REPAIRING «-e.reeeeeeeeeeeeeeoeeeeeeoeoeooeooooooo 19
DISASSEMBLY  ....oouieeriemeeeeererecsseseseeeesessseessesseessseseessesseses oo 19
CLEANING ....oceerveseerreeeeeeeessereseeseessssessssesssssssseesessessseee e ee e sess e eeee e 20
SAFETY PRECAUTIONS .......ooeeeeeereeesreseeeseescees oo eeees e 26
FLUOROELASTOMER (VITON) CAUTION ..o 37
ENGINE VIEWS ..ooooeeeeeeeeeeeeeeeseeeeseessseseesssesssess s sesesseseeseeses s sese e 38
ENGLISH TO METRIC CONVERSION «..coemeeeeeeeee e seeeseesero 42
DECIMAL AND METRIC EQUIVALENTS ..oooooeoeoeeoeoeoeooeeon 43
| SPECIFICATIONS ...coeeeeeeereees e eeeeeeeeseessesrsesssessesssesssesesesssseeeseessess e, 45
1 ENGINE
1.1 CYLINDER BLOCK AND CYLINDER LINER «.vovvreveeereeeeeseeeseseeeeerssonn, 1-3
1.2 CYLINDER HEAD ..cooeeereeeeeeeeeeeeeeeeeseesssessesesses s sesseeseeseesseess e 1-30
1.3 VALVE AND INJECTOR OPERATING MECHANISM .....ooooooeeev, 1-64
1.4  VALVES, SPRINGS, GUIDES, INSERTS, SEALS AND ROTATORS ....... 1-81
1.5 ENGINE LIFTER BRACKETS «.cooeeerereeeeeeeeresesssesssesssessesseessessessseses s 1-112
1.6 ROCKER COVER ...eueeereeeeeeeeeeeeeeseeeeeeeeeeeee s sesseeesseeseeeeee s eeeeeeeeeeeeroe 1-120
1.7 CRANKSHAFT eoeeeeeeeeecoreeetseeesseeseseseseseeesseesseeseesssseseeessssssesssees e s s 1-142
1.8 CRANKSHAFT OIL SEALS ..ooceeeeeeeereeereeeeeeeseeessesesesesssessssessssssesesses 1-161
1.9 CRANKSHAFT MAIN BEARINGS ....oeourereerressreeseesesseesseessesssesesess 1-182
110 GEAR CASE COVER .....eereveeeeeeeeeereesseesseesesessseeseeesssesssessssssesessesssssseeees 1-195
191 GEAR CASE oo eveeeeeeseseesereseeseeesssese s ssesessesesssnssansssesenssses s 1-226
1.12 CRANKSHAFT VIBRATION DAMPER .....oovovvesreeseeeesesseeseeeseeescessess s 1-250
113 CRANKSHAFT PULLEY oo eee s 1-259
194 FLYWHEEL  coooeeeeeceeeeeere e eeeesee e eseeseeeseeeeseseesesese s eeees e saneseeenanesens 1-275
115 RING GEAR .oooceeveeeee e eeeeeeeeeeseeeesseseesseeeeseseaseesseseasemasssesaeeseereeees 1-285
116 FLYWHEEL HOUSING we.eoooeeoeeeeeeeeeee oo eeeeeeeee e ee e eee e eeeseneeeee 1-287
1.17  PISTON AND PISTON RING ...u.cereeeeeereeereeerersirseeesesesesesseseosseessseseseeee 1-295
1.18 PISTON AND CONNECTING ROD ASSEMBLY ...corvvereeeeeremeeereressenenen 1-317
1.19  CONNECTING ROD .oonrereeeeeeeeeeereeeseemseresesssesenesesesssesssessesessssssrsessseens 1-345
1.20 CYLINDER LINER 1.oouveeieeeereeeseesseessereseeeseseseseseesesesesssesasessaresessassssersseees 1-359

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

\%



SERIES 60 SERVICE MANUAL

1.21
1.22

123
1.24
1.25
1.26
1.27
1.28
1.29
1.A

2
2.1
22
2.3
2.4
25
2.6
27
2.8
2.9
2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
2.22
2.23
2.24
2.25
2.26
2.27

2.28
2.29
2.30
2.31
2.32
2.33
2.34

GEAR TRAIN AND ENGINE TIMING ......cucooiveeireeeereeeeeeeee e 1-373
THRUST PLATE PERIMETER SEAL .....coveieveeeeeeeeeceee e 1-399
CAMSHAFT AND CAMSHAFT BEARING ......ocoeeeeeeeeeeeeeeeeeeeeee e 1-412
CAMSHAFT DRIVE GEAR ..ottt e ees e s 1-446
ADJUSTABLE IDLER GEAR ASSEMBLY .....covvveveeeeeceeeseeeeeeeeeeee e 1-459
BULL GEAR AND CAMSHAFT IDLER GEAR ASSEMBLY ......ccoovevun... 1-470
CRANKSHAFT TIMING GEAR AND TIMING WHEEL ..c.oveovvvevveeeenn. 1-484
ACCESSORY DRIVE .......ooiicveeecteceeseceee et eeessese s s s e ss e 1-505
JAKE BRAKED ..ottt teseseeseseeeeseseaseseseeseses s eees s 1-533
ADDITIONAL INFORMATION ......ccorvuieeiireisnreiereeeeeesseesssssenssssnssssssnens 1-583
FUEL SYSTEM

DIESEL FUEL SYSTEM OVERVIEW ....ceeoiieiieeeeeceeeeceeeeeeeeee e e 2-5
VEHICLE SAFETY FOR THE NATURAL GAS ENGINE .......cccocueuvenn..... 2-7
ELECTRONIC UNIT INJECTOR ..ottt 2-11
FUEL INJECTOR TUBE AND O-RING ........cccverrereeectieeceeeee e veee e 2-30
FUEL PUMP WITH SEPARATE DRIVE SHAFT AND HUB ..................... 2-43
FUEL PUMP WITH ONE-PIECE DRIVE SHAFT AND HUB ASSEMBLY  2-66
FUEL PUMP DRIVE ..ottt cne s ssness e sre s s ennas 2-89
DIESEL FUEL FILTERS (SPIN-ON) ....cccocvvierinreciececiceessseeees s enessens 2-94
FUEL PRO 380/380E FUEL FILTER SYSTEM .....ccceeveeivciccrceereceee 2-102
SEA PRO 150/300 DIESEL FUEL PROCESSOR SYSTEM (MARINE) .. 2-109
SEA PRO 152 FUEL FILTER SYSTEM (MARINE ENGINE) ................... 2-117
FUEL FILTER TYPE FOR THE SERIES 60G ENGINE ............cccccrcveune... 2-126
FUEL COOLER (Heat Exchanger-Cooled Marine Engine) ...................... 2-128
ASSEMBLY FUEL FILTER AND WATER SEPARATOR ............c.oveeuuee.. 2-132
ELECTRONIC ENGINE CONTROL .....cccccovriereninie e e ssneeeesanees 2-140
DDEC 11I/IV ELECTRONIC CONTROL MODULE .........cccocvvverrrercrrecnnenn. 2-141
DDEC Il ELECTRONIC CONTROL MODULE ......ccooiieeireceeeeeeee 2-150
D= O O e —————————— 2-162
PROGRAMMABLE READ-ONLY MEMORY (PROM) DDEC | ................ 2-168
ELECTRONIC DISTRIBUTOR UNIT DDEC | ...coeveeccereeeeeeceeeeeeeeeee 2172
ELECTRONIC FOOT PEDAL ASSEMBLY ......cccccervieermrirerescceeesneeeene 2-176
TURBO BOOST PRESSURE SENSOR ........ccooiivirieenirriecnsccsneeesesnenenns 2-177
AIR INTAKE PRESSURE SENSOR .......cccccoirieneinreirnnerennreesssnessseeesevens 2-179
OIL PRESSURE SENSOR .....ccooiiiiiierecinercerrennresseesseeessssncesseensesensens 2-182
OIL TEMPERATURE SENSOR ...t e cnenesns 2-184
AIR TEMPERATURE SENSOR ......ooviiiireeicr ettt sesene s 2-186
AIR TEMPERATURE SENSOR FOR HIGH PRESSURE FUEL

SYSTEM .ot rr et e st s e e s e e ae e s ae e s anreaaaeae 2-190
COOLANT TEMPERATURE SENSOR .......ccooiiiivimiinenencereeveneen 2-192
SYNCHRONOUS REFERENCE SENSOR .......cccoiiiiniiinincncr e, 2-194
TIMING REFERENCE SENSOR ...t 2-197
COOLANT LEVEL SENSOR ....ocoviverierineeniiinnnis s sssasessssnnenne 2-199
FUEL PRESSURE SENSOR ......ccovccocimritnirninninr s ssssesseees 2-203
FUEL TEMPERATURE SENSOR .......cioooiieiiceeernre e 2-206
EXHAUST GAS OXYGEN SENSOR FOR SERIES 60G ENGINES ........ 2-210

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

Vi



SERIES 60 SERVICE MANUAL

2.35
2.36
2.37
2.38
2.39
2.40

2.41

242

2.43
2.44
2.45
2.46
2.47

248
249

2.A

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.1
3.12
3.A

4
41

EXHAUST TEMPERATURE SENSOR FOR THE SERIES 60G

ENGINES ...ttt ee s s 2-214
KNOCK SENSOR AND SIGNAL NOISE ENHANCEMENT FILTER

MODULE ...ttt ens sre st st 2-215
BAROMETRIC PRESSURE SENSOR FOR THE SERIES 60G ENGINE

WITH HIGH PRESSURE FUEL SYSTEM ....cooccviiieeetececeeecee e 2-218
OVERVIEW OF HIGH PRESSURE FUEL SYSTEM FOR SERIES 60G
ENGINES ...ttt s sr e sn b st 2-220
FUEL PRESSURE GAGES FOR THE SERIES 60G ENGINE WITH A

HIGH PRESSURE FUEL SYSTEM .......cccovvetiieriere et 2-226
VENTING AND LEAK CHECKING PROCEDURES FOR A NATURAL

GAS ENGINE (HIGH PRESSURE SYSTEM) .....cccoceevevieeeetereeecmesaenas 2-228
HIGH PRESSURE FUEL REGULATOR FOR THE SERIES 60G

ENGINE ...ttt et e ens 2-232
PULSE WIDTH MODULATED STEPPER MOTOR VALVE (PSV) FOR

SERIES 60G AUTOMOTIVE ENGINES ........cccooureereninirereseriesrectesneeenens 2-234
FUEL MIXER FOR THE SERIES 60G HIGH PRESSURE FUEL SYSTEM
.................................................................................................................. 2-238
FUEL SHUTOFF VALVE FOR SERIES 60G ENGINE WITH HIGH

PRESSURE FUEL SYSTEM ...ttt 2-241
IMPCO LOW PRESSURE FUEL REGULATOR FOR THE SERIES 60G
ENGINE HIGH PRESSURE FUEL SYSTEM ........ccccoovvrninirccreecreeee 2-243
OVERVIEW OF THE LOW PRESSURE NATURAL GAS FUEL

SYSTEM ...ttt et em e e et e s e e e s e e et e s sane e 2-247
LOW PRESSURE FUEL REGULATOR FOR THE SERIES 60G

ENGINE ...ttt ettt et 2-252
FUEL MIXER FOR THE SERIES 60G LOW PRESSURE SYSTEM ....... 2-256
VENTING AND LEAK CHECKING PROCEDURES FOR NATURAL GAS
ENGINE (LOW PRESSURE SYSTEM) .....cccocciniiiiinerre e 2-259
ADDITIONAL INFORMATION ...ttt 2-261
LUBRICATION SYSTEM

OVERVIEW OF LUBRICATING SYSTEM ......cccooiiiiciriinneenicis e 3-3
OIL PUMP ...ttt st st s e san s 3-8
OIL PRESSURE REGULATOR VALVE ........ccociiiiiiiiinncenreieee e 3-23
OIL PRESSURE RELIEF VALVE ....cccovoiiiircrinirininces e scsnenans 3-30
10 | I o | I 3-36
OIL FILTER ADAPTOR ..ottt st snneas 3-40
THERMATIC OIL CONTROL VALVE ......cciiiiiririiiintenseninee s 3-46
OIL COOLER (1991 AND LATER ENGINES) .......ccccovvriiiiinicinninnienieniee 3-53
OIL COOLER (PRE-1991 ENGINES) .......ccccooniiriiiiiiniennicnineninesencnes 3-64
OIL LEVEL DIPSTICK ASSEMBLY ......ccovviiiiiimiiiiniiniencnieeneeeesiee s 3-74
(@ 1 I = U UT SR 3-79
VENTILATING SYSTEM ....coocoiiiiiiicnience st 3-86
ADDITIONAL INFORMATION .....ccccviiiiimccntieneneinetee s ssne e snee 3-95
COOLING SYSTEM

COOLING SYSTEM OVERVIEW ......ccociiimiiieeiiciriinenieee sttt 4-3

Al inf tion subjact to ch without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

Vii



SERIES 60 SERVICE MANUAL

4.2
4.3
4.4

4.5
4.6
4.7
4.8
4.9
4.10
4.11

412
4.13
4.A

5

5.1
5.2
5.3
5.4

6

6.1
6.2
6.3
6.4
6.5

6.6
6.7
6.8

6.9
6.10
6.11
6.12
6.A

7.1
7.2

8.1
8.2
8.3
8.4
8.5

WATER PUMP (GEAR CASE MOUNTED - 1991 AND LATER) (GCM) .. 4-11

WATER PUMP (FRONT MOUNTED) (FM) veoreeeeeeeeeeeeeeeeescvseeseeesseessoe e 4-43
CHARGE AIR COOLER RAW WATER PUMP (KEEL-COOLED
COMMERCIAL MARINE) ... eeeeeeeeeeee e eee e ee e ees s 4-73
THERMOSTAT  ..cooooeeeoeee oo eeeeeseseeseseeessesssasessessesssssssssesessosnsseesesssseesns 4-81
COOLANT PRESSURE CONTROL CAP .....oooeveeeereseeeeeseseessseresssseenes 4-93
ENGINE COOLING FAN ...ooovveeeeeeeeeresseesnesseeesseeessesessssseseesesesssessses e 4-97
COOLANT FILTER AND CONDITIONER ....eorreeereerreseeeeessssereessesses s 4-107
RADIATOR .coveemveereveeeseeeseeseseessesssesiessssssmesssssssessesseessessessesseesssesssssssss 4-109
KEEL COOLING SYSTEM (COMMERCIAL MARINE) .....covvveerervenann. 4-110
HEAT EXCHANGER COOLING SYSTEM (PLEASURE CRAFT

IMARINE) <...veeeoeeve e veoeeeseeseeeessesessseesssseessessesessessrasesesesessmaseessesesssssssssnees 4-111
HEAT EXCHANGER (PLEASURE CRAFT MARINE) «.v.voorveeeereeererronnn.. 4-113
JABSCO® ENGINE COOLING RAW WATER PUMP (MARINE) ............. 4-129
ADDITIONAL INFORMATION ...ovveeeoeeeeeeeserseeereeeeensseesseaseseesseereseeseesesenne 4-143
FUEL, LUBRICATING OIL, AND COOLANT

FUEL ovneevoeeeeeesessoneessesses e sessseseesasesessassessesesssesessessesessessssenessassesssaseennes 5-3
LUBRICATING OIL (DIESEI) .vvrrvererrmeeeremerereeseseesssssemsesmessseesesesessssessnee 5-12
LUBRICATING OIL FOR THE SERIES 60G ENGINE .........vceeerveeeeeenenee. 5-19
COOLANT .oooreeee e eeesseeeeesee e sessseseseesssessssssesesseesessesenssesessseesaneesrasesenns 5-22
AIR INTAKE SYSTEM

AIR INTAKE SYSTEM OVERVIEW ....ceeorreeereseeseeeresesssesssmeessserssesessossans 6-3
AIR CLEANER ....eeooeeee e eeeeese e seeesamsesessssseessssseserasessssesesssssesssenne 6-9
AIR SEPARATOR .....veoeveeevesereeseereseeseesss s sssessssssssssssssssssesssssssssesssess 6-11
INTAKE MANIFOLD ..o eee e s e e sees e seeseeeseesenemsesens 6-13
CLOSED CRANKCASE BREATHER FOR SERIES 60G AUTOMOTIVE
ENGINES «.oeeoeooeeeeeeeeeeeseeeaseseeessseesssesessssesssessssssssssssssssssssssessssssssssesens 6-24
TURBOCHARGER (DIESE) «...veerrerrrereessisessssesssssssssssssesssssssssssssssasesssnns 6-26
TURBOCHARGER SERIES 60 GAS ENGINES (GENSET) ....coovvvveveenn. 6-51
TURBOCHARGER SERIES 60 NATURAL GAS (AUTOMOTIVE)

ENGINE ooooeeeeeeees e eeees e eeseseeeesssessseseesesesessssssssssssesssssmsns s sansssesasesses 6-66
RECIRCULATION VALVE FOR SERIES 60G AUTOMOTIVE ENGINE ... 6-85
CHARGE AIR COOLER ....eooeeeeeeeeeseseeessseeessesesssssmssssssssssssssssssssesssssanns 6-87
THROTTLE ACTUATOR FOR THE SERIES 60G ENGINE ...........ccooeeenn. 6-96
AIRDRYER ..oorvereveeeeeseeeessesesessesssesesssssssssssasssssasssssssmssssessssssssassssanes 6-101
ADDITIONAL INFORMATION ...ovvvvnrveerereemsssseasessssessssesssasesssssssssasnssaeees 6-103
EXHAUST SYSTEM

OVERVIEW OF EXHAUST SYSTEM ..coueoereeeereresesmesssssssssssssssssasssssanees 7-3
EXHAUST MANIFOLD .eorrvveeeeeeeeeeesesemessssessssssnsesssssssssassssasssssssssssssessnss 7-6
ELECTRICAL EQUIPMENT

OVERVIEW OF ELECTRICAL SYSTEM ...o.ovvvrerisemessssesssassssssesessssssasees 8-3
BATTERY CHARGING ALTERNATOR .......ovevverersesssssnsssassssssssessseesens 8-4
STORAGE BATTERY ..vvoveeeieeeeeesessessessssssssessasesssassssssssssssssssssssssasescsasecs 8-24
CRANKING MOTOR ..ooovveeeeeeeeeeeeseseesesssssessssssssasssssassssssssssssssssssesssssees 8-27
TACHOMETER DRIVE ...covreeeeeeeeseeereesssesesssmessasssssssssssssssssessssesessessessas 8-33

Al fon subject to change without notice.
6SEA483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

viii



SERIES 60 SERVICE MANUAL

8.6
8.7
8.8
8.9
8.10
8.11
8.12
8.A

9.1
9.2

10
10.1
10.2
10.3
10.4
10.A

11

11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8

12

12.1
12.2

123
12.4
13

13.1
13.2
13.3
13.4
13.5
13.6

13.7

13.8
13.9

DDEC III/IlV ENGINE SENSOR HARNESS .......cooicccierirccnrrccccsneeneenne 8-39
DDEC Il ENGINE SENSOR HARNESS .......cocoioiiiircrernr e ceenesesssnnee 8-49
METRI-PACK 150 SERIES CONNECTORS ......coooeicceerrerccnrreenneceeiennnee 8-55
MICRO-PACK SERIES CONNECTORS ........ccccoitiriirnmereerisnneessssssaneenns 8-61
WEATHER PACK AND METRI-PACK 280 SERIES CONNECTORS ....... 8-63
CONNECTOR TOOLS ...coiiircriirreieerrseensssensssseesssssessssansnssssanerssesssess 8-67
SPLICING GUIDELINES ......cooiictrerrenrccnireesere e ssesecssanssssassssssssaneens 8-68
ADDITIONAL INFORMATION .....ceeiiirriiieerecerrresncorerss s seenssesaassssscnnans 8-73
POWER TAKE-OFF

REAR MOUNTED POWER TAKE-OFF ......cccoviiieiimiiiniciisnnieeeinsssenenes 9-3
FRONT MOUNTED POWER TAKE-OFF .........coniiericiiniciniennennneessicnens 9-4
SPECIAL EQUIPMENT

AIR COMPRESSOR (Vehicle Applications Only) ........cccocvvecccennveniiincn. 10-3
AIR COMPRESSOR DRIVE HUB ........cccviretirrniinniccnirin s snenressssnne 10-17
AIR COMPRESSOR/RAW WATER PUMP DRIVE ASSEMBLY .............. 10-22
KIM HOT START STARTING AID SYSTEM (MARINE) .......ccceeevirrreneneen. 10-48
ADDITIONAL INFORMATION ....ctiiieinieinerensreeeeeseeemeesssscnsssnsassesesanns 10-49
OPERATION AND VERIFICATION

PREPARATION FOR A FIRST TIME START ....ccccoiiiiinenenrrinineneceneen, 11-3
STARTING ...cccvieieirieeeiertirerssteeessstesssnenesesnsessssnssesssssssressessanssssossnsssssanns 11-7
RUNNING .....ooeiiiieeeiecieeeecreeeeeeaeeeseisaa e sssee s s ssassssesemasas s sesnsaanasssnan s ansannans 11-8
STOPPING ....ccoeiiiiiereririiersnreeseeseessereesasssissnsnssssssasststeseesstossssssnssanasssesssns 11-11
OPERATING CONDITIONS ....coiiiiecnrinrreenieenistrsisscsssaessnsssssssssssasssses 11-12
SERIES 60G GENSET ENGINE OPERATING CONDITIONS ................ 11-16
SERIES 60G AUTOMOTIVE ENGINE OPERATING CONDITIONS ........ 11-18
ENGINE RUN-IN INSTRUCTIONS .....ooiiiecceeeesccmeececssessesnsme e cnaes 11-20
ENGINE TUNE-UP

ENGINE TUNE-UP PROCEDURES ........ccccciiiiincneimnintiniesnssinnsnininienees 12-3
VALVE LASH, INJECTOR HEIGHT (TIMING) AND JAKE BRAKE® LASH
ADJUSTMENTS ..ottt eerie s errensrae e et e e steeesesseses s e s sssnseresnsssnnnnns 12-5
ENGINE TUNE-UP PROCEDURES FOR THE SERIES 60G ENGINE ... 12-19
VALVE LASH FOR THE SERIES 60G ENGINE .........cccceiiiirieiiennnienanes 12-21
PREVENTIVE MAINTENANCE

MAINTENANCE OVERVIEW ... ecccveecctenirce s issnesnsenecese s nmnae e 13-3
DAILY MAINTENANCE - ALL APPLICATIONS ........cccomiveriiinicinnneesinnae 13-4
DAILY MAINTENANCE - MARINE APPLICATIONS .......ccooovmveirnreneninne 13-5
MAINTENANCE OF MARINE ENGINES ......cccocciiiiiiniiirniennnccseenccccene 13-6
MAINTENANCE OF VEHICLE ENGINES .......cccccivvvmiiniieicnmniniiieceenene 13-11
MAINTENANCE OF ENGINES USED IN STATIONARY AND

INDUSTRIAL APPLICATIONS .......cereeciicccinernnnienn s cssssssennannsnsessssansens 13-16
MAINTENANCE OF SERIES 60 DIESEL ENGINES FOR GENERATOR

(o1 =3 TP PO OPPPP PRI 13-21

MAINTENANCE OF SERIES 60G ENGINES FOR GENERATOR SET .. 13-24
LUBRICATING OIL AND FILTER CHANGE INTERVALS FOR GENSET  13-26

tion subject to ch without notice.

All Inf
6SE483 0

010 Copyright © 2000 DETROIT DIESEL, CORPORATION

iX



SERIES 60 SERVICE MANUAL

13.10

13.11
13.12

13.13
13.14
13.15

14

14.1
14.2
14.3

15

15.1
15.2
15.3
15.4
156.5
15.6
15.7

16

16.1
16.2
16.3

16.4

16.5
16.6
16.7

17

171
17.2
17.3
17.4
17.5
17.6
17.7
17.8
17.9
17.10

PREVENTIVE MAINTENANCE FOR THE SERIES 60G AUTOMOTIVE

ENGINE (CITY TRANSIT COACH) .voouvuennereeeeermemecessseeeesseeseoe oo 13-27
MAINTENANCE OF SERIES 60G AUTOMOTIVE ENGINES.................. 13-30
LUBRICATING OIL AND FILTER CHANGE INTERVALS FOR GENSET

(WITH HIGH SULFUR FUELS) ......coommeuenmeeerecemmeeeesesssessseessseeeesmss oo 13-36
DESCRIPTION OF MAINTENANCE ITEMS ...ccooooveeeeemesesesrssssososoosoo 13-37
AIR SEPARATOR FILTER ELEMENT (MARINE) w.....eevoveeoevverresso 13-71
CLEANING CONTAMINATED LUBRICATION OIL SYSTEM.................. 1375
STORAGE

PREPARING ENGINE FOR STORAGE .............cccomeerseereerereeesessssmsosssns 14-3
RESTORING AN EXTENDED STORAGE ENGINE .........ooeooeveeeronr 14-10
WINTER STORAGE FOR MARINE ENGINE .........oeeeeeeeeeecsssesss.. 14-14
IGNITION SYSTEM

OVERVIEW OF IGNITION SYSTEM ......oocoouemreeeneeseeeeeesemeemesessssseeneen. 15-3
COIL OVER PLUG IGNITION SYSTEM .........coereereerereeeemeeeesssssseensen, 15-4
IGNITION BOOT ASSEMBLY ...ooooumruemrenesereeeeemeerssesseseeeeseeeseemeesssssons 15-9
IGNITER MODULE ... seceseseesesssesesassnesnssssssssssss 15-10
IGNITER MODULE BRACKET .....voommuurnereseceeeseesmesessseseesseeseremmeessssons 15-11
IGNITION COIL HARNESS ......oocommemmreeesseeeremeeeessesssssseeesseeseseomeemesrsos 15-12
SPARK PLUGS ..ccerevrrcvesesvesssssssssennsssessesssessssssssssesseseesesesssesesesesssess s 15-16
MISFIRING CYLINDER

POOR VEHICLE GROUND .....coocmmmnenesreeeessssnssssesesessesessssesssesssessesees 16-3
AERATED FUEL ccovveeummmmmnmnnnnnsssssessssssnsssenessssssssssssssssnssesessseesseesssenes 16-5
IMPROPER INJECTOR CALIBRATION SETTING (DDEC II/IV

ENGINES ONLY) ...ooooorerersevesssssssssssssssnsenssssessssssssssssnsessesssssssssessnesssssene 16-7
IMPROPER VALVE CLEARANCE OR INJECTOR HEIGHT, WORN OR
DAMAGED CAMSHAFT LOBES AND ROLLERS .........vveommeeeerresreen. 16-12
FAULTY FUEL INJECTOR ......ooooommeummmnenessesessssssesssssneesseseessssesessssssseesee 16-24
FAULTY ELECTRONIC CONTROL MODULE ... 16-26
WORN OR DAMAGED VALVE OR CYLINDER KIT ......ccorrererrrreeerrrn, 16-28
STARTING DIFFICULTY (ENGINE ROTATES)

ELECTRONIC CONTROL MODULE WIRING HARNESS ..................... 17-3
EMPTY FUEL TANK .cc.ovvcevevuvaasnsnsnsresesssssssssssnessesssessssssssasaessesssessenes 17-6
LOW BATTERY VOLTAGE ......ccoreereeeereeeveeesmsesssssssseesssessseesessssssesseseesesees 17-7
CORRODED OR DAMAGED BATTERY TERMINALS ......counnnnveeeeeenenns 17-9
DEFECTIVE MAGNETIC SWITCH .........oovurerssemnneesecssssssmsssesesesssesenes 17-10
DEFECTIVE STARTER .......oomsesseeeeeeeeeeesssssssseenseessessssssssssssssseseeesene 17-13
LOW CRANKING SPEED ........cooommmmmsmmmsssmssmssssmensssesessssssssssssssssessensnanes 17-15
FUEL SUPPLY VALVE .........ovcourssmnessssssssssssssnssssssssssesssmsssnsssessssssssses 17-17
PLUGGED FUEL FILTER(S) ©..cvrrrrrveeveeeeeesssemesneesesssssssanssoneessessssssssanaanns 17-19
FUEL PUMP ..o eesssssssssssssssssssssesssessessssesesssssssessssssssssnsanmenns 17-21
AERATED FUEL  ...vovveeeumuarmasesesereeseeeseessessssssssssssssssssssssssesssessssesssssssssssses 17-23
RESTRICTIVE AIR FILTER ........couuemmsmssssssssmesseeesesneseesssssssssssssssssssansnnes 17-25
LOW COMPRESSION ........ccrimmenrnessssesssssssssesesssssssssssassssssssssssssssssssases 17-27

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

X



SERIES 60 SERVICE MANUAL

18

18.1
18.2
18.3
18.4

19

19.1
19.2
19.3
19.4
19.5
19.6

20

20.1
20.2
20.3
20.4

21

21.1
21.2
21.3
21.4
215
21.6

22

22.1
22.2

23

23.1
23.2
23.3
234

23.5

23.6
23.7

24

241
24.2
24.3
24.4
245

NO START (ENGINE WILL NOT ROTATE)

DISCHARGED BATTERY .......cosmmmmrerensssssceeeeessssesesesssnesssseeseessemeesesonseenss 183
DEFECTIVE MAGNETIC SWITCH ......oooooeeeeeeereeereeereeseseeeeesseeeeessssssenn 18-5
DEFECTIVE STARTER ....oesmovvvvvesessenesesseessesoseseesesessssseesesesssssessssessseeees 18-8
INTERNAL ENGINE DAMAGE .......oooeeeeeeeresseseseeeeesseeeesseseesesssessssesens 18-10
EXCESSIVE OIL CONSUMPTION

MISCALIBRATED DIPSTICK ......oovoveveeeeeresseneerseeseeesssessseeeseessessesssessenss 19-3
EXTERNAL OIL LEAKS .....oooommeneseeeeeeenessssesesseeesenesesseenessseeessssesseeeees 19-4
LEAKING OIL COOLER CORE -......ccooememrrereeeeeeeeensessserseseessensesssesssenes 19-6
DEFECTIVE AIR COMPRESSOR .........ccocoeermreesemreerermessersesssseeseeeessenn 19-8
DEFECTIVE TURBOCHARGER .......o..ccooeuererreeseeesseseeeeesssssseneesssseen 19-10
WORN OR DAMAGED VALVE OR CYLINDER KIT .....ooevereerreeeersnne 19-11
EXCESSIVE CRANKCASE PRESSURE

OBSTRUCTION OR DAMAGE TO ROCKER COVER BREATHER ......... 20-3
DEFECTIVE AIR COMPRESSOR ........ooooeeeeereeeeeessessessesessesessesseeseeeee 20-5
DEFECTIVE TURBOCHARGER ...........ccorirremeeesersseemssseseseersssseeee 20-7
WORN OR DAMAGED VALVE OR CYLINDER KIT .....coveeeeereerseerennns 20-8
EXCESSIVE EXHAUST SMOKE (BLACK OR GRAY)

IMPROPER GRADE OF FUEL OIL ......cooveeeeueerereeememeseseeesessseeseeeseessesen 21-3
RESTRICTED AIR CLEANER ELEMENT ...c.oonrveeeeoeneeeeeeessseneseeeeerseeen 21-5
RESTRICTED OR CRACKED CHARGE AIR COOLER .......cooveererrnn. 21-7
FAULTY EXHAUST SYSTEM .....ovvvceeeessssreeneeseesmessseeeerssessseessesssseneeens 21-9
FAULTY FUEL INJECTOR .cournnrveevceesessaesssosssessessessseeseeseeseseeseessseseeenes 21-11
DEFECTIVE TURBOCHARGER ......cooomomeesvsemsessmsessssssesssssssssseseneen 21-13
EXCESSIVE BLUE SMOKE

DEFECTIVE TURBOCHARGER ..........cooimnereevveersnnsessssssesssessessssseenne 22-3
WORN OR DAMAGED VALVE OR CYLINDER KIT ......crvveeernrsrrrnsannns 22-6
EXCESSIVE WHITE SMOKE

IMPROPER GRADE OF FUEL .....oovvcoveerennssesesssesessssssnsessssssssssseneoes 23-3
DEFECTIVE FUEL PUMP ........oooeeeervcoeesessesssesssesesssesssssessssseeseesesnsees 23-5
AERATED FUEL ....oooveoeessessessessssesesssssssssssssssssssesssesssssessessssmmsesessesesmns 23-7
IMPROPER INJECTOR CALIBRATION SETTING (DDEC IIl/IV

ENGINES ONLY) ..o.ooooecvveevesnsessessssssessnnesesssessssssssnsesssssmsesssssssssnsssssees 23-9
IMPROPER VALVE CLEARANCE OR INJECTOR HEIGHT, WORN OR
DAMAGED CAMSHAFT LOBES AND ROLLERS  ........covmvrvvevusseressesenns 23-11
FAULTY FUEL INJECTOR ..oouoecievvcessesesnnsesesssessssssnnsesssssnsssssssssnnneeessses 23-13
FAULTY ELECTRONIC CONTROL MODULE ....cooneevverenenesssssssnnnneseens 23-14
ROUGH RUNNING OR STALLING

LOW BATTERY VOLTAGE ......ovvveveeussisensssssssssnnsesssssssenssssssssssnsesssssnns 24-3
AERATED FUEL OIL ..ovoeovveeerreveeomsssesesssssssssssssssessessssssesssmsnsssesssanenseess 24-5
INSUFFICIENT FUEL OIL FLOW ....oovooermeeesesesenessssnsnesssssnessssssssssssssans 24-6
HIGH FUEL OIL TEMPERATURE RETURN .....coevvvvvveensssssesssssesnssssenns 24-8
IMPROPER INJECTOR CALIBRATION SETTING (DDEC IlI/IV

ENGINES ONLY) covvroreveereereeeeessssessssssnssssssssanesssssssssesssssnsssssssssssssssssens 24-11

Al information subject to change without notice. .
8SEA483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

Xi



SERIES 60 SERVICE MANUAL

24.6

25

25.1
25.2
25.3
25.4
25.5

25.6
25.7
25.8
25.9
26

26.1
26.2
26.3
26.4
26.5
26.6

26.7
26.8

26.9

26.10
26.11
26.12
26.13

27

271
27.2
27.3
27.4
27.5
27.6
27.7
27.8
27.9
27.10

28
28.1
28.2
29
29.1

LOW COMPRESSION PRESSURE ..oovoeeeeeeeeeeeeeee oo eeeeeoe oo 24-13
LACK OF POWER

AERATED FUEL  coocvoveveeeeeeeoseeeseeeeeeessesessessssssssssssesssesssssssess s seme e 25-3
HIGH FUEL PRESSURE ......oveereeerereeessessessesseeesssssseeseese e e s e ee. 25-5
HIGH FUEL OIL TEMPERATURE RETURN .....oovoeeooeeeoeeeooooooo 25-9
RESTRICTED AIR CLEANER ELEMENT vovveoeeeeeeeoeoeoeeoeoeooo. 25-11
RESTRICTED OR CRACKED CHARGE AIR COOLER OR LEAKING

INTAKE MANIFOLD .....ooooomeeeeeeeeeseeeseeeesessesssessssessssesseeesseses s s s 25-13
FAULTY EXHAUST SYSTEM ..cooeereereereesreeeesessseeseosssessseesesesses oo 25-15
HIGH INLET AIR TEMPERATURE <..comreeveeeeeeeee oo ese e 25-17
HIGH ALTITUDE OPERATION ..oooveeeeeeeeeeeeresseceseeessseeseees s seesoeoons 25-19
INCORRECT CAMSHAFT TIMING eooeeeeeeeeeeee oo ees e eoeeesseesoo. 25-21
LOW OIL PRESSURE

IMPROPER ENGINE OIL LEVEL ..eeeeeeeeeeeereeesreeessesessesessesseesseesne e, 26-3
IMPROPER LUBRICATING OIL VISCOSITY ..o 26-5
LUBRICATING OIL DILUTED WITH FUEL OIL OR ENGINE COOLANT  26-7
FAULTY OIL PRESSURE GAUGE SENSOR ...cuevereereeseseeseessrseees 26-9
OIL PRESSURE GAUGE LINE OBSTRUCTED ....eeooereeereess oo 26-11
ROCKER ARM SHAFT PLUGS MISSING (NEW OR REBUILT ENGINES
ONLY) 1rveteesireeeeseeessemeesemeasesssesseseseseesssessteesesasessesssesssssenesssssesseeseeeesseennn 26-13
RESTRICTED OIL COOLER .....veureeureeemeeeeseeeseseesesesssssseessssesssessssssesssses 26-15
NONFUNCTIONAL OR STICKING OIL PRESSURE REGULATOR

VALVE ..o.cooreeneeecresmsesesesesseessesssssesesssessesesesesssssasseassssssessasssasseneesessens 26-17
DEFECTIVE BYPASS VALVE ...oeeeeeeeeeeereeeseseeesseeessceessessseeseess s sesssane 26-19
DEFECTIVE PRESSURE RELIEF VALVE .....ooeeeeeeeeevesseeesresereesssveseseeenes 26-20
DEFECTIVE PICKUP SCREEN TUBE AND SCREEN ASSEMBLY ........ 26-22
DEFECTIVE CRANKSHAFT MAIN BEARING SHELLS .......ovveneeeann. 26-24
DEFECTIVE OIL PUMP ASSEMBLY ..oreeeveeveseeereessreseesssssssessessssssssss 26-26
HIGH ENGINE COOLANT TEMPERATURE

IMPROPER ENGINE COOLANT LEVEL woreeoeeeeeeeeeeveessveeeeeesvessessessssons 27-3
INSUFFICIENT RADIATOR AIR GIRCULATION ..o 275
FAULTY PRESSURE CONTROL CAP ......ooeeeeere e eeeseeeseeesneesssressenssees 27-7
DEFECTIVE COOLANT HOSES ....coueeeveeeeeeereeeeseesseesseeeseeseesssessssasssen 27-9
FAN BELTS ARE INCORRECTLY ADJUSTED ....ouovmeeeeeeeeeeeeeseeesseeneeen 27-11
INOPERATIVE THERMO-MODULATED FAN ....eeeeeereeeeeesereeeseesssesseeen 27-13
FAULTY THERMOSTATS .eoooereceeeeeeeeeeeeeseeessesesesessesseseseeseesesessessssssern 27-15
FAULTY WATER PUMP ...ooeo oo eeeeeeeese e eeeess e seeeseeenseseeeess e 27-17
COMBUSTION GASES IN COOLANT ...ovomreeeeerereeeerereeseeseeeseeseneseesens 27-19
ABNORMAL RADIATOR COOLANT FLOW <.eorereemeeereeereeeeeeeeeeseneseeeseens 27-21
LOW COOLANT TEMPERATURE

FAULTY THERMOSTATS ..oooovreee e eeeeeeeesenesesseesssessesssesensasssmseseseseness 28-3
INSUFFICIENT RADIATOR AIR CIRCULATION ...orverceeeeeereeneeereeeseerans 28-5
POOR FUEL ECONOMY |

PROBABLE CAUSE #1 +..oooeeoeeeoeeeeeee e ee e eeeeseeeesseoesseseseesesseesnssasssenns 29-3

All ink i bject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

Xii



SERIES 60 SERVICE MANUAL

INDEX .. . «. Index-1

bject lo change without nol

All inf { tice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

Xiii



SERIES 60 SERVICE MANUAL

. All i bject to change without notice.
6SEA483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

Xiv



GENERAL INFORMATION

Section

ENGINE MODEL, SERIAL NUMBER AND OPTION LABEL ..........cccceue..

ENGINE MODEL, SERIAL NUMBER AND OPTION LABEL (SERIES 60G
ENGINE) ........

--------------------------------------------------------------------------------------

REPLACING AND REPAIRING .......coccoiiiiiinmrenceseeete e

DISASSEMBLY ...
CLEANING ............

FLUOROELASTOMER (VITON) CAUTION .....ccccovereercnenrerireresessneensenaees

ENGINE VIEWS ...

18
19
19
20
26
37
38
42
43
45




SERIES 60 SERVICE MANUAL

All inf J bject to ch without notice,
6SEA483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

2



SERIES 60 SERVICE MANUAL

SCOPE AND USE OF THIS MANUAL

This manual contains complete instructions on operation, adjustment (tune-up), preventive
maintenance, and repair (including complete overhaul) for the Series 60 Inline Diesel Engines.
This manual was written primarily for persons servicing and overhauling the engine. In addition,
this manual contains all of the instructions essential to the operators and users. Basic maintenance
and overhaul procedures are common to all Series 60 Engines, and apply to all engine models.

This manual is divided into numbered sections. Section one covers the engine (less major
assemblies). The following sections cover a complete system such as the fuel system, lubrication
system, or air system. Each section is divided into subsections which contain complete
maintenance and operating instructions for a specific engine subassembly. Each section begins
with a table of contents. Pages and illustrations are numbered consecutively within each section.

Information can be located by using the table of contents at the front of the manual or the table of
contents at the beginning of each section. Information on specific subassemblies or accessories
within the major section is listed immediately following the section title.

CLEARANCE OF NEW PARTS AND WEAR LIMITS

New parts clearances apply only when all new parts are used at the point where the various
specifications apply. This also applies to references within the text of the manual. The column
entitled "Limits" must be qualified by the judgement of personnel responsible for installing new
parts. For additional information, refer to the section entitled "Inspection” within this section.
Refer to section ADDITIONAL INFORMATION, "Table of Specifications, New Clearances, and
Wear Limits" under "Specifications", for a listing of clearances of new parts and wear limits on

used parts.
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THE FOUR CYCLE PRINCIPLE FOR DIESEL ENGINES

The diesel engine is an internal combustion engine, in which the energy of burning fuel is
converted into energy to work the cylinder of the engine. In the diesel engine, air alone

is compressed in the cylinder, raising its temperature significantly. After the air has been
compressed, a charge of fuel is sprayed into the cylinder and ignition is accomplished by the
heat of compression. The four piston strokes of the cycle occur in the following order: intake,
compression, power and exhaust. See Figure 1.

INTAKE COMPRESSION POWER EXHAUST 20000

Figure 1 The Four Stroke Cycle (Diesel)
Intake Stroke

During the intake stroke, the piston travels downward, the intake valves are open, and the exhaust
valves are closed. The down stroke of the piston facilitates air from the intake manifold to enter
the cylinder through the open intake valve. The turbocharger, by increasing the air pressure in the
engine intake manifold, assures a full charge of air is available for the cylinder.

The intake charge consists of air only with no fuel mixture.

All information subject to change without notice.
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Compression Stroke

At the end of the intake stroke, the intake valves close and the piston starts upward on the
compression stroke. The exhaust valves remain closed.

At the end of the compression stroke, the air in the combustion chamber has been compressed by
the piston to occupy a space about one-fifteenth as great in volume as it occupied at the beginning
of the stroke. Thus, the compression ratio is 15:1.

Compressing the air into a small space causes the temperature of that air to rise. Near the end of
the compression stroke, the pressure of the air above the piston is approximately 3445 to 4134 kPa
(500 to 600 1b/in.?) and the temperature of that air is approximately 538°C (1000°F). During the
last part of the compression stroke and the early part of the power stroke, a small metered charge
of fuel is injected into the combustion chamber.

Almost immediately after the fuel charge is injected into the combustion chamber, the fuel is
ignited by the hot air and starts to burn, beginning the power stroke.

Power Stroke

During the power Stroke, the piston travels downward and all intake and exhaust valves are closed.

As the fuel is added and burns, the gases get hotter, the pressure increases, pushing the piston
downward and adding to crankshaft rotation.

Exhaust Stroke

During the exhaust stroke, the intake valves are closed; the exhaust valves are open, and the
piston is on its up stroke.

The burned gases are forced out of the combustion chamber through the open exhaust valve port
by the upward travel of the piston.

From the preceding description, it is apparent that the proper operation of the engine depends
upon the two separate functions: first, compression for ignition, and second, that fuel be measured
and injected into the compressed air in the cylinder in the proper quantity and at the proper time.

All information subject to change without notice.
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FOUR CYCLE PRINCIPLE FOR NATURAL GAS ENGINES

This engine is a four cycle internal combustion engine, in which the energy of burning fuel is
converted into energy to work the cylinder of the engine. However, unlike the diesel engine, a
combustible air and fuel mixture is introduced to the cylinder during the intake stroke. Upon
compression, the temperature of this mixture is increased to a temperature below its auto-ignition
threshold. Combustion occurs through means of a spark plug which ignites the mixture.

See Figure 2 for the four stroke cycle utilized on the natural gas engine.

INTAKE COMPRESSION POWER EXHAUST

27922

Figure 2 The Four Stroke Cycle (Series 60G Engine)
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Intake Stroke

During the intake stroke, the piston travels downward, the intake valves are open, and the exhaust
valve are closed. The downward stroke of the piston increases the volume in the cylinder and
draws in a fresh air and fuel mixture through the intake valves.

Compression Stroke

At the end of the intake stroke, the intake valves close and the piston starts upward on the
compression stroke. The exhaust valves remain closed.

At the end of the compression stroke, the air-fuel mixture in the combustion chamber has been
compressed by the piston to occupy a space about one-tenth as great in volume as it occupied

at the beginning the stroke. Thus, the compression ratio is 10:1. This act of compression
dramatically increases the temperature of the air-fuel mixture, to a temperature below its
auto-ignition threshold. It is a timed, externally supplied ignition through the spark plug that
actually causes ignition to the mixture. The timed spark is introduced to the cylinder near the end
of the compression stroke, which initiates combustion and begins the power stroke.

Power Stroke

During the power stroke, the piston travels downward and all intake and exhaust valves are closed.

As the throttle is opened to introduce a greater charge of air-fuel mixture to the cylinders, the
increasing pressure of combustion against the pistons adds to crankshaft rotation.

Exhaust Stroke

During the exhaust stroke, the intake valves are closed, the exhaust valves are open, and the
piston is on its up stroke.

The burning gases are forced out of the combustion chamber through the open exhaust valve port
by the upward travel of the piston.

Al information subject to change without notice.
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GENERAL DESCRIPTION

The Series 60® Diesel Engine described in this manual is a four-stroke cycle, high speed, diesel
engine.

It uses an inline cast iron block and has a cast iron cylinder head that contains a single overhead
camshaft. The camshaft actuates all the valves (two intake, two exhaust per cylinder), and operates
the fuel injectors. The vertically aligned gear train, located at the front end of the engine in a gear
case, contains drive gears for the lubricating oil pump, crankshaft, camshaft, air compressor drive,
fuel pump drive, water pump and alternator accessory drives.

Each current engine is equipped with dual full-flow oil filters, an oil cooler, one or two fuel oil
filters, a turbocharger and an electronic engine control system.

Full pressure lubrication is supplied to all main, connecting, camshaft and rocker assembly
bearings and to other moving parts. A gear-type pump draws oil from the oil pan through a screen
and delivers it to the oil filters. From the filter, a small portion of the oil is delivered directly to
the turbocharger by an external oil line. The remainder of the oil flows to the oil cooler, or
bypasses the cooler, and then enters a longitudinal oil gallery in the cylinder block where the
supply divides. Part of the oil goes to the cylinder head where it feeds the camshaft bearings

and rocker assemblies. The remainder of the oil goes to the main bearings and connecting rod
bearings via the drilled oil passages in the crankshaft. Drilled passages in the connecting rod feed
oil to the piston pin and the inner surface of the piston crown.

Coolant is circulated through the engine by a centrifugal-type water pump. The cooling system,
including the radiator, is a closed system. Heat is removed from the coolant by the radiator.
Control of the engine temperature is accomplished by thermostats that regulate the flow of the
coolant within the cooling system.

Fuel is drawn from the supply tank through the primary fuel filter by a gear-type fuel pump. From
there, the fuel is forced through the secondary fuel filter and into the fuel inlet in the cylinder head
and to the injectors. Excess fuel is returned, through a restricted fitting, to the supply tank through
the outlet connecting line. Since the fuel is constantly circulating through the injectors, it serves
to cool the injectors and to carry off any air in the fuel system. Air separators are available, as
optional equipment.

Air is supplied by the turbocharger to the intake manifold and into the engine cylinders after
passing through an air-to-air charge air cooler mounted ahead of the cooling system radiator. The
charge air cooler cools the pressurized intake air charge coming from the turbocharger before it
enters the intake manifold.

Engine starting may be provided by an electric or air starting motor energized by a storage battery
or air pressure storage system. A battery charging alternator, with a suitable voltage regulator,
serves to keep the battery charged.

The Series 60 diesel engine was designed to be electronically controlled. The Detroit Diesel
Electronic Control (DDEC) system has evolved with the product.

All inf ti bject to change without notice.
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DDEC I

DDEC I controls the timing and amount of fuel injected into each cylinder. The system also
monitors several engine functions using various sensors that send electrical signals to the main
Electronic Control Module (ECM). See Figure 3. The ECM uses this information to send a
command pulse to the Electronic Distributor Unit (EDU). The EDU functions as the high current
switching unit for actuation of the Electronic Unit Injector (EUI) solenoids. The ECM also has the
ability to limit or shut down the engine completely (depending on option selection) in the case of
damaging engine conditions, such as low oil pressure, low coolant level, or high oil temperature.

INPUTS QUTPUTS
TIMING
<: :2 REFERENCE _,— pROM
SYNCH REFERENCE 1 | COMMAND
d PULSE INJECTORS
THROTTLE
POSITION > EDU
« FEEDBACK
TURBO-BOOST
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ELECTRONIC
CONTROL
OlL MODULE
/ TEMPERATURE >
DIAGNOSTIC DATA
LINK (DDL)

OlL
’_m PRESSURE

l »| ()| STOPENGINE LIGHT
. |__COOLANT LEVEL “—
~ Nz
> CHECK ENGINE LIGHT
— +
BATTERY
20001

Figure 3 Schematic Diagram of DDEC |
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DDEC I

DDEC II also controls the timing and amount of fuel injected into each cylinder. The system also
monitors several engine sensors that send electrical signals to the main ECM. See Figure 4.
Unlike DDEC 1, the DDEC II ECM uses this information to actuate the EUI solenoids. DDEC

II incorporates all of the control electronics into one engine mounted ECM instead of the ECM
and EDU that are required in DDEC 1. The ECM also has the ability to limit or shut down the
engine completely (depending on option selection) in the case of damaging engine conditions,
such as low oil pressure, low coolant level, or high oil temperature.
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REFERENCE
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~
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//0 FUEL TEMPERATURE ~
—  +
BATTERY
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Figure 4 Schematic Diagram of DDEC il
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DDEC liiiv

The DDEC II/IV ECM receives electronic inputs from sensors on the engine and vehicle, and
uses the information to control engine operation. It computes fuel timing and fuel quantity based
upon predetermined calibration tables in its memory.

Fuel is delivered to the cylinders by the EUIs, which are cam-driven to provide the mechanical
input for pressurization of the fuel. The ECM controls solenoid operated valves in the EUIs to
provide precise fuel delivery. See Figure 5.
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REFERENCE
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-
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20003

Figure 5 Schematic Diagram of DDEC NV

Portable equipment facilitates access to diagnostic capabilities of DDEC III/IV’g. The _Diagnostic
Data Reader (DDR) requests and receives engine data and diagnostic codes. This equipment
provides many unique capabilities including cylinder cutout, printer output, and data snapshot.

The DDR also provides limited programming capability.
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DDEC lIl/IV (Series 60G Engine)

The DDEC III/IV ECM receives electronic inputs from sensors on the engine and vehicle, and
uses the information to control engine operation.

Fuel is controlled by DDEC. See Figure 6.

G {'} d\c
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Figure 6

Schematic Diagram of DDEC HI/IV (Series 60G Engine)

Portable equipment facilitates access to diagnostic capabilities of DDEC II/IV’s. The Diagnostic
Data Reader (DDR) requests and receives engine data and diagnostic codes. This equipment

provides many unique capabilities including cylinder cutout, printer output, and data snapshot.
The DDR also provides limited programming capability.
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GENERAL SPECIFICATIONS

The general specifications for the Series 60 Engine are listed in Table 1. See Figure 7 for the
cylinder designation and firing order.

General Specifications 11.1L Family 12.7L Family 14L Family
Total Displacement (L) 11.1 12.7 14.0
Total Displacement (in.%) 677 775 855
Type 4-cycle 4-cycle 4-cycle
Number of Cylinders 6 6 6
Bore (in.) 6.12 5.12 5.24
Bore (mm) 130 130 133
Stroke (in.) 5.47 6.30 6.61
Stroke (mm) 139 160 168
Compression Ratio 16.0:1 15.0:1 or 16.5:1 15.0:1 or 16.5:1
Number of Main Bearings 7 7 7

Table1 Specifications for the Series 60 Engine

O @ @ © & ¢

FIRINGORDER 153624
FRONT

20004

Figure 7 Cylinder Designation and Firing Order
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GENERAL SPECIFICATIONS FOR THE SERIES 60G ENGINE

The general specifications for the Series 60G Engine are listed in Table 2. See Figure 8 for

cylinder designation and firing order.

General Description Specification
Total Displacement (L) 12.7
Total Displacement (in.%) 775
Type Four-cycle
Number of Cylinders 6
Bore (in.) 5.12
Bore (mm) 130
Stroke (in.) 6.30
Stroke (mm) 160
Compression Ratio 10:1
Number of Main Bearings 7

Table2 General Specifications for the Series 60G Engine

O Q QB b ¢

FIRINGORDER 153624

FRONT

20004

Figure 8 Cylinder Designation and Firing Order for the Series 60G Engine
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ENGINE MODEL, SERIAL NUMBER AND OPTION LABEL

The engine serial and model numbers are stamped on the cylinder block. See Figure 9. A guide to

the meaning of the model number digits is listed in Table 3.

TYPICAL SERIAL NUMBER

TYPICAL MODEL NUMBER

06R0000000

6067WK60

~,
L[ "
“.‘,,\'///mumnunm\\

20005

Figure 9 Location of Engine Serial and Model Number on Block
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Digit Value Meaning

1 6 Series 60 Engine
2&3 06 Six Cylinders

4 2 Marine Application

4 3 Industrial Application

4 5 Generator Application

4 7 Automotive Application

5 W, S E L 11.1 L Displacement

5 G TM 12.7 L - Standard

5 P, B 12.7 L - Premium

5 FH 14 L Displacement

6 T DDEC | Engine Control

6 U DDEC Il Engine Control

6 K DDEC II/IV Engine Control
7&8 28 1991 and later Coach
7&8 32 Underground Mining
7&8 40 Pre-1991 Engine
7&8 60 1991 and later On-Highway Truck

Table3 Model Number Description for Series 60 Engine

For example, 6067-WK60 represents an 11.1 liter Series 60 engine that is controlled with DDEC
III/IV electronics to be used in a 1991 or later truck.

Option labels attached to the valve rocker cover contain the engine serial and model numbers and
list any optional equipment used on the engine. See Figure 10.

With any order for parts, the engine model number with serial number should be given. In
addition, if a type number is shown on the option plate covering the equipment required, this
number should also be included on the parts order.

All infc 1 subject to ge without notice.
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All groups or parts used on a unit are standard for the engine model unless otherwise listed
on the option plate.
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Figure 10

Rocker Cover with Option Label
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ENGINE MODEL, SERIAL NUMBER AND OPTION LABEL (SERIES 60G

ENGINE)

The engine serial and model numbers are stamped on the cylinder block. See Figure 11. A guide
to the meaning of the serial number digits is listed in Table 4.

M

TYPICAL SERIAL NUMBER
X TYPICAL MODEL NUMBER

06R0000000
6063GKG5

27921

Location of Engine Serial and Model Number on Block (Series 60G

Figure 11
Engine)
Digit Value Meaning
1 6 Series 60 Engine
2&3 06 Six Cylinders
4 3/7 Generator Application / Automotive
5 G/T 12.7 L Displacement
6 K DDEC !t / DDEC IV
7 G Alternate Fuel Engine
8 5/8 Customer Designation
Table4 Model Number Description for Series 60G Engine

All Infe ti to change without notice.

6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

18



SERIES 60 SERVICE MANUAL

REPLACING AND REPAIRING

In many cases, a technician is justified in replacing parts with new material rather than attempting
repair. However, there are times when a slight amount of reworking or reconditioning may save a
customer considerable added expense. Exchange assemblies such as injectors, fuel pumps, water

pumps and turbochargers are desirable service items.

Various factors such as the type of operation of the engine, hours in service and the next overhaul
period must be considered when determining whether new parts are installed or used parts are
reconditioned to provide trouble-free operation.

For convenience and logical order in disassembly and assembly, the various subassemblies and
other related parts mounted on the cylinder block will be treated as separate items in the various
sections of the manual.

DISASSEMBLY

A technician can be severely injured if caught in pulleys, belts or the fan of an engine that is
accidentally started. To avoid such a misfortune, take the following precautions before starting to

work on an engine.
“ CAUTION:

To avoid injury from accidental engine startup while servicing
the engine, disconnect/disable the starting system.

“ CAUTION:

To avoid injury from the sudden release of a high-pressure
hose connection, wear a face shield or goggles.

Bleed the air from the air starter system before
disconnecting the air supply hose.

Before any major disassembly, the engine must be drained of lubricating oil, coolant and fuel.

To perform a major overhaul or other extensive repairs, the complete engine assembly, after
removal from the engine base and drive mechanism, should be mounted on an engine overhaul
stand; then the various subassemblies should be removed from the engine. When only a few items
need replacement, it is not always necessary to mount the engine on an overhaul stand.

Parts removed from an individual engine should be kept together so they will be available for
inspection and assembly. Those items having machined faces, which might be easily damaged by
steel or concrete, should be stored on suitable wooden racks or blocks, or a parts dolly.

All inf He bject to ge without notice.
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CLEANING

Before removing any of the subassemblies from the engine (but after removal of the electrical
equipment), the exterior of the engine should be thoroughly cleaned.

NOTICE:

The Series 60 engine is equipped with various sensors and other
electronic components which may be damaged if subjected to
the high temperatures in a solvent tank. Do not immerse any
electrical components in a solvent tank. Care should be taken

to ensure that all electronic components are removed from the
various engine assemblies before they are immersed in a solvent
tank. Refer to section 8for a description of these components.

Then, after each subassembly is removed and disassembled, the individual parts should be
cleaned. Thorough cleaning of each part is absolutely necessary before it can be satisfactorily
inspected. Various items of equipment needed for general cleaning are listed below.

The cleaning procedure used for all ordinary cast iron parts is the same as the following cylinder
block cleaning procedure. Any special cleaning procedures will be mentioned when required.

Remove cylinder liners before putting the block in cleaning or descaling baths, to avoid trapping
cleaning agents in block liner seating bores.

After stripping and before removing the cylinder block from the overhaul stand for cleaning and
inspection, install the two metric eye bolts into head bolt holes at each end of the cylinder block.

Remove all oil and water gallery and weep hole plugs to allow the cleaning solution to enter the
inside of the oil and water passages.

1. Using two metric eye bolts installed in the head bolt holes at opposite ends of the block,
and with a suitable lifting device and spreader bar, immerse and agitate the block in a hot
bath of a commercial, heavy-duty alkaline solution.

2. Wash the block in hot water or steam clean it to remove the alkaline solution.
If the water jackets are heavily scaled, proceed as follows:
[a] Agitate the block in a bath of inhibited phosphoric acid.

[b] Allow the block to remain in the acid bath until the bubbling action stops
(approximately 30 minutes).

[c] Lift the block, drain it and immerse it again in the same acid solution for 10 more
minutes. Repeat until all scale is removed from the water jacket area.

[d] Rinse the block in clear, hot water to remove the acid solution.

[e] Neutralize the acid that may cling to the casting by immersing the block in an
alkaline bath.

All information subject to change without nolice.
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[f] 'Wash the block in clean water or steam clean it.

“ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

4. Dry the cylinder block with compressed air.

a CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

5. Blow out all of the bolt holes and passages with compressed air.

NOTE:

The above cleaning procedure may be used on all ordinary cast iron and steel parts for
the engine. Aluminum parts, such as flywheel housing, air intake manifold, oil filter
adaptor and the camshatft gear access cover should NOT be cleaned in this manner.
Mention will be made of special procedures when necessary.

6. Be certain that all water passages and oil galleries have been thoroughly cleaned. After
the cylinder block has been thoroughly cleaned and dried, install weep hole plugs and
precoated pipe plugs. Install new cup plugs using a coating of good grade non-hardening
sealant such as Loctite® 620 or equivalent.

Loctite® is a registered trademark of The Loctite Corporation.
Steam Cleaning

A steam cleaner is a necessary item in a large shop and is useful for removing heavy accumulations
of grease and dirt from the exterior of the engine and its subassemblies.

Solvent Tank Cleaner

Chlorinated solvents such as 1,1,1 trichloroethane have been identified by the EPA (Environmental
Protection Agency) as possessing ozone-depleting properties. Special procedures have been
developed for the handling and proper disposal of these chemicals. For environmental
considerations, Detroit Diesel has replaced 1,1,1 trichloroethane with Tech Solv 340 branded

solvent.

Al information subject to change without notics.
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Tech Solv 340 is a petroleum-based solvent that contains no chlorinated or fluorinated
compounds, has a controlled evaporation rate, leaves no residue, is odorless, has a high flash
point, and provides outstanding cleaning. To enhance its cleaning and drying properties, it may
be heated to 52°C (125°F). Spills can be cleaned up with commercially available oil absorbents,
and conventional waste treatment methods for petroleum-based products can be used when
disposing of this product.

Detroit Diesel believes that a prudent environmental approach to the use of 1,1,1 trichloroethane
should be taken. Therefore, Detroit Diesel recommends replacing 1,1,1 trichloroethane with Tech
Solv 340 branded solvent wherever the former solvent was used.

Tech Solv 340 is manufactured by and available from the following supplier:
Chemical Technologies, Inc.

1610 Clara Street

Jackson, MI 49203

Telephone: 800-688-8262

FAX: 517-782-2448

We believe this source and their Tech Solv 340 solvent to be reliable. There may be other
manufacturers of solvents that replace 1,1,1 trichloroethane. Detroit Diesel does not endorse,
indicate any preference for, or assume any responsibility for the solvents from these firms or for
any such products that may be available from other sources.

Solvent Tank Cleaning

A tank of sufficient size to accommodate the largest part that will require cleaning (usually the
cylinder block) should be provided and provisions made for heating the cleaning solution.

A CAUTION:

To avoid injury, wear a face shield or goggles.

Fill the tank with a commercial heavy-duty solvent, such as Tech Solv 340, that is heated to
52°C (125°F). Lower large parts directly into the tank with a hoist. Place small parts in a wire
mesh basket and lower them into the tank. Immerse the parts long enough to loosen all of the

grease and dirt.

Aluminum or plastic parts such as the flywheel housing, fuel pump drive, air intake manifold,
oil filter adaptor, camshaft gear access cover, oil pan or rocker covers, should not be cleaned
in this manner.

All infc bject to change without notice.
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Rinsing Bath
Provide another tank of similar size containing hot water for rinsing the parts.

Drying

Parts may be dried with compressed air.

“ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

The heat from the hot tanks will quite frequently complete drying of the parts without the use of
compressed air.

Rust Preventive

If parts are not to be used immediately after cleaning, dip them in a suitable rust preventive
compound. The rust preventive compound should be removed before installing the parts in
an engine.

Gasket Eliminator Removal

The gasket eliminator used on numerous mating surface joints in the Series 60 engine results in

a very thin film that must be removed from both surfaces prior to reassembly. As many of the
surfaces are aluminum and/or dimensionally critical, conventional scraping methods, or the use of
emery cloth for removing gasket eliminator is not reccommended.

Four-inch, 3M Scotch-Brite® Surface Conditioning Discs, used with an electric or air powered
hand drill (with a speed of 15,000-18,000 r/min), have proven successful in removing the gasket
eliminator without damaging the mating surfaces of engine parts. See Figure 12.

Scotch-Brite® is a registered trademark of the 3M Corporation.
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CONDITIONING DISK

20007

Figure 12

Gasket Eliminator Removal

A coarse pad, is suitable for steel surfaces. A medium pad is recommended for aluminum surfaces.

The pads are easily interchangeable. See Figure 13.

J 365711

CONDITIONING
DISC

20008

Figure 13

Scotch-Brite Surface Conditioning Disc Installation
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Inspection

The purpose of parts inspection is to determine which parts can be used and which must be
replaced. Although the engine overhaul specifications given throughout the text will aid in
determining which parts should be replaced, considerable judgment must be exercised by the
inspector. The guiding factors in determining the usability of worn parts, that are otherwise in
good condition, is the clearance between the mating parts and the rate of wear on each of the parts.
If it is determined that the rate of wear will maintain the clearances within the specified maximum
allowable until the next overhaul period, the reinstallation of used parts may be justified. Rate of
wear of a part is determined by dividing the amount the part has worn by the hours it has operated

Many service replacement parts are available in various undersize or oversize as well as standard
sizes. Also, service kits for reconditioning certain parts and service sets that include all of the
parts necessary to complete a particular repair job are available.

A complete discussion of the proper methods of precision measuring and inspection are outside
the scope of this manual. However, every shop should be equipped with standard gages, such as
dial bore gages, dial indicators, and inside and outside micrometers.

In addition to measuring the used parts after cleaning, the parts should be carefully inspected for
cracks, scoring, chipping and other detrimental conditions.
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SAFETY PRECAUTIONS
The following safety measures are essential when working on the Series 60 engine.
Exhaust (Start/Run Engine)

Before starting and running an engine, adhere to the following safety precautions:

A CAUTION:

To avoid injury before starting and running the engine,
ensure the vehicle is parked on a level surface, parking
brake is set, and the wheels are blocked.

A CAUTION:

Diesel engine exhaust and some of its constituents are
known to the State of California to cause cancer, birth
defects, and other reproductive harm.
O Always start and operate an engine in a well ventilated
area.
O If operating an engine in an enclosed area, vent the
exhaust to the outside.
O Do not modify or tamper with the exhaust system or
emission control system.

Stands

Safety stands are required in conjunction with hydraulic jacks or hoists. Do not rely on either the
Jack or the hoist to carry the load. When lifting an engine, ensure the lifting device is fastened
securely. Ensure the item to be lifted does not exceed the capacity of the lifting device.

Glasses

Select appropriate safety glasses for the job. It is especially important to wear safety glasses when
using tools such as hammers, chisels, pullers or punches.

A CAUTION:

To avoid injury, wear a face shield or goggles.
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Welding

Wear welding goggles and gloves when welding or using an acetylene torch.

A CAUTION:

To av0|d injury from arc welding, gas welding, or cutting,

wea‘r required safety equipment such as an arc welder’s face

plate or gas welder’s goggles, welding gloves, protective

apron, long sleeve shirt, head protection, and safety

shoes. Always perform welding or cutting operations in a

wellfventllated area. The gas in oxygenlacetylene cylinders

used in gas welding and cutting is under high pressure. If

a cy‘lmder should fall due to careless handling, the gage

end \could strike an obstruction and fracture, resulting in

ag s leak leading to fire or an explosion. If a cylinder

should fall resulting in the gage end breaking off, the sudden

release of cylinder pressure will turn the cylinder into a

dan¢erous projectile.Observe the following precautions

when using oxygen/acetylene gas cylinders:

. Always wear required safety shoes.

- Do not handle tanks in a careless manner or with greasy

 gloves or slippery hands.

Use a chain, bracket, or other restraining device at all

- times to prevent gas cylinders from falling.

- Do not place gas cylinders on their sides, but stand
them upright when in use.

- Do not drop, drag, roll, or strike a cylinder forcefully.

' Always close valves completely when finished welding

- or cutting.
A CAUTION:

To a joid injury from fire, check for fuel or oil leaks before
welding or carrying an open flame near the engine.

uo o o og

NOTICE:

Use proper shielding around hydraulic lines when welding
to prevent hydraulic line damage.

Ensure that a metal shield separates the acetylene and oxygen that must be chained to a cart.

All in bje hange without notice.
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Work Place
Organize your work area and keep it clean. A fall could result in a serious injury. Eliminate
the possibility of a fall by:

0 Wiping up oil spills
00 Keeping tools and parts off the floor

After servicing or adjusting the engine:
[0 Reinstall all safety devices, guards or shields
L1 Ensure that all tools and servicing equipment are removed from the engine

Clothing

Safe work clothing fits and is in good repair. Work shoes are sturdy and rough-soled. Bare feet,
sandals or sneakers are not acceptable foot wear when adjusting and/or servicing an engine. Do
not wear the following when working on an engine:

“ CAUTION:

To avoid injury when working on or near an operating
engine, wear protective clothing, eye protection,
and hearing protection.

[J Rings
0  Wrist watches
[0 Loose fitting clothing

Any of these items could caich on moving parts causing serious injury.
Power Tools

Do not use defective portable power tools.

A CAUTION:

To avoid injury from electrical shock, follow OEM furnished
operating instructions prior to usage.

Check for frayed cords prior to using the tool. Be sure all electric tools are grounded. Defective
electrical equipment can cause severe injury. Improper use of electrical equipment can cause
severe injury.

Al inf i bject to change without notice.
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Air

Recommendations regarding the use of compressed air are indicated throughout the manual.

a CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggies)
and do not exceed 40 psi (276 kPa) air pressure.

Fuel Lines

Remove fuel lines as an assembly. Do not remove fuel lines individually. Avoid getting fuel
injection lines mixed up.

Fluids and Pressure

Be extremely careful when dealing with fluids under pressure.

“ CAUTION:

To avoid injury from penetrating fluids, do not put your
hands in front of fluid under pressure. Fluids under
pressure can penetrate skin and clothing.

Fluids under pressure can have enough force to penetrate the skin. These fluids can infect a minor
cut or opening in the skin. If injured by escaping fluid, see a doctor at once. Serious infection
or reaction can result without immediate medical treatment.

All information subject to change without notice.
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Fuel

Keep the hose and nozzle or the funnel and container in contact with the metal of the fuel tank
when refueling to avoid the possibility of an electric spark igniting the fuel.

“ CAUTION:

To avoid injury from fire caused by heated diesel-fuel vapors:
O Keep those people who are not directly involved in
servicing away from the engine.
O Stop the engine immediately if a fuel leak is detected.
O Do not allow open flames or smoke when working on
an operating engine.
[J Wear adequate protective clothing (face shield,
insulated gloves and apron, etc.).
0O To prevent a buildup of potentially volatile vapors, keep
the engine area well ventilated during operation.
Diesel fuel is relatively harmless at ambient temperatures.

A CAUTION:

To avoid injury from possible fuel vapor ignition when
refueling, keep the hose, nozzle, funnel, or container
in contact with the metal opening of the fuel tank. This
will reduce the likelihood of a dangerous spark.This
caution applies to gasoline engines.

The following cautions should be followed when filling a fuel tank:

“ CAUTION:

To avoid injury from fire, do not overfill the fuel tank.

a CAUTION:

To avoid injury from fire, keep all potential ignition sources
away from diesel fuel, open flames, sparks, and electrical
resistance heating elements. Do not smoke when refueling.

Al information subject to change without notice.
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Batteries

Electrical storage batteries emit highly flammable hydrogen gas when charging and continue to
do so for some time after receiving a steady charge.

“ CAUTION:

To avoid injury from battery explosion or contact with battery
acid, work in a well-ventilated area, wear protective clothing,
and avoid sparks or flames near the battery. Always establish
correct polarity before connecting cables to the battery or
battery circuit. If you come in contact with battery acid:

0 Flush your skin with water.

1 Apply baking soda or lime to help neutralize the acid.

O Flush your eyes with water.

O Get medical attention immediately.

Always disconnect the battery cable before working on the electrical system.

a CAUTION:

To avoid injury from accidental engine startup while servicing
the engine, disconnect/disable the starting system.

Disconnect the batteries or disable an air starter when working on the engine (except DDEC) to
prevent accidental starting.
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Fire

Keep a charged fire extinguisher within reach. Be sure you have the correct type of extinguisher
for the situation.

Cleaning Agent

Avoid the use of carbon tetrachloride as a cleaning agent because of the harmful vapors that it
releases. Ensure the work area is adequately ventilated. Use protective gloves, goggles or face

shield, and apron.
a CAUTION:

To avoid injury from harmful vapors or skin contact, do not
use carbon tetrachloride as a cleaning agent.

Exercise caution against burns when using oxalic acid to clean the cooling passages of the engine.
Working on a Running Engine

When working on an engine that is running, accidental contact with the hot exhaust manifold can

cause severe burns.
A CAUTION:

To avoid injury from unguarded rotating and moving engine
components, check that all protective devices have been
reinstalled after working on the engine.

“ CAUTION:

To avoid injury, use care when working around moving
belts and rotating parts on the engine.
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Start Attempts

Avoid excessive injection of ether into the engine during start attempts.

A CAUTION:

To avoid injury from an explosion of natural gas, the
following precautions must be taken:

[0 Do not smoke when installing or servicing the engine
or fuel system.

O Installation or servicing of natural-gas equipment
must only be conducted in well-ventilated, natural gas
compatible areas. Do not install or service equipment
in an enclosed area where ignition sources are present
without first ensuring that an undetected gas leak may
be safely vented without being ignited.

O Bleed natural gas lines before installing or servicing
any component connected to the fuel lines.

[J Natural gas fuel systems are pressurized. Relieve
pressure from any fuel system component prior to
installation or service of that component.

[0 Use a combustible-gas detector. Liquefied natural gas
(LNG) is odorless and cannot be detected by smell.
Compressed Natural gas (CNG) may be odorless and
may not be detected by smell.

0 Equipment fuel systems are the responsibility of the
Original Equipment Manufacturer (OEM). Equipment
fuel system guidelines must be closely adhered to
when installing or servicing equipment. Refer to OEM
guidelines specifying which maintenance procedures
require venting of fuel lines and fuel tanks.

0 LNG systems are pressurized and contain extremely
cold (-260°F [-162-°C]) fluids. Contact the fuel supplier or
OEM for LNG safety requirements. Contact with LNG
may cause personal injury (freezing).

[0 Vent systems on the equipment should be ducted to a
safe area whenever equipment is in an enclosed area.

Natural gas is highly flammable and explosive and may
be extremely cold (-260-F [-162-C]).

All information subject to change without notice.
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NOTICE:

Avoid excessive injection of ether into the engine during start
attempts. Injection of excessive ether may result in an uncontrolled
internal engine explosion that could cause engine damage. Follow
the manufacturer’s instructions on proper product use.

Follow the instructions on the container or by the manufacturer of the starting aid.

Al infe i bjact to change without notice.
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Turbocharger Compressor Inlet Shield

A turbocharger compressor inlet shield, J 26554-A, is available and must be used anytime the
engine is operated with the air inlet piping removed. See Figure 14. The shield helps to prevent
foreign objects from entering and damaging the turbocharger and will prevent the mechanic from
accidentally touching the turbocharger impeller. The use of this shield does NOT preclude any
other safety practices contained in this manual. See Figure 15 for Series 60G engine.

“ CAUTION:

To avoid injury from contact with rotating parts when an
engine is operating with the air inlet piping removed, install
an air inlet screen shield over the turbocharger air inlet.
The shield prevents contact with rotating parts.

Use of this shield does NOT preclude any other safety practices contained in this manual.

TURBOCHARGER

J 26554-A

20009

Figure 14 Turbocharger Compressor Inlet Shield
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J 26554-A

27854

Figure 15 Turbocharger Compressor Inlet Shield, Series 60G Engine
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FLUOROELASTOMER (VITON) CAUTION

Under normal design conditions, fluoroelastomer (VITON) parts, such as O-rings and seals,

are perfectly safe to handle.
A CAUTION:

To avoid injury from chemical burns, wear a face shield and
neoprene or PVC gloves when handling fluoroelastomer
O-rings or seals that have been degraded by excessive heat.
Discard gloves after handling degraded fluoroelastomer parts.

However, a potential hazard may occur if these components are raised to a temperature above
316°C (600°F), such as during a cylinder failure or engine fire. At temperatures above 316°C
(600°F) fluoroelastomer will decompose (indicated by charring or the appearance of a black,
sticky mass) and produce hydrofluoric acid. This is extremely corrosive and, if touched by bare
skin, may cause severe burns, sometimes with symptoms delayed for several hours.
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ENGINE VIEWS

The engine views show the pre-1991 engine and 1991 and later engine as well as DDEC II and
DDEC III/IV. See Figure 16. For Series 60G engine views see Figure 17, see Figure 18and
see Figure 19.

REAR VIEW
PRE-1991

PRE-1991 PRE-1991
DDEC | ENGINE DDEC Il ENGINE

1991 AND LATER
DDEC |il /1V ENGINE

20010

Figure 16 Engine Views
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RIGHT SIDE (REAR VIEW) LEFT SIDE (FRONT VIEW)
GENERATOR SET GENERATOR SET

27849

Figure 17 Engine Views (60G Genset Engine)
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3

3536

Engine Views (60G Automotive Engine)

Figure 18
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RIGHT REAR VIEW

Figure 19 Engine Views (Heat-Exchanger-Cooled Marine Engine)
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ENGLISH TO METRIC CONVERSION

Listed in Table 5 are the English to metric conversions.

Multiply Length By To get equivalent number of:
Inch (in.) 25.4 Millimeters (mm)
Foot (ft) 0.3048 Meters (m)
Yard (yd) 0.9144 Meters (m)
Mile (mile) 1.609 Kilometers (km)
Multiply Area By To get equivalent number of:

Inch? (in.2) 645.2 Mitlimeters? (mm?2)

Inch? (in.2) 6.45 Centimeters? (cm?)

Foot? (ft?) 0.0929 Meters? (m?)

Yard? (yd?) 0.8361 Meters?2 (m?)

Multiply Volume By To get equivalent number of:

Inch® (in.3) 16387 Millimeters® (mm?3)

Inch? (in.3) 16.387 Centimeters® (cm?)

inch? (in.3) 0.0164 Liters (L)

Quart (qt) 0.9464 Liters (L)

Gallon (gal) 3.785 Liters (L)

Yard® (yd®) 0.7646 Meters® (m3)

Muitiply Mass By To get equivalent number of:

Pound (Ib) 0.4536 Kilograms (kg)

Ton (ton) 907.18 Kilograms (kg)

Ton (ton) 0.907 Tonne (t)

Multiply Force By To get equivalent number of:
Kilogram (kg) 9.807 Newtons (N)

Ounce (02) 0.2780 Newtons (N)

Pound (Ib) 4.448 Newtons (N)
Multiply Temperature By To get equivalent number of:
Degree Fahrenheit (°F) (°F-32) + 1.8 Degree Celsius (°C)
Multiply Acceleration By To get equivalent number of:

Foot/second? (ft/sec?) 0.3048 Meter/second? (m/s?)
Inch/second? (in./sec?) 0.0254 Meter/second? (m/s?)
Multiply Torque By To get equivalent number of:
Pound-inch (lb-in.) 0.11298 Newton-meters (N-m)
Pound-foot (Ib-ft) 1.3558 Newton-meters (N-m)
Mulitiply Power By To get equivalent number of:
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Multiply Length By To get equivalent number of:
Horsepower (hp) 0.746 Kilowatts (kW)
Multiply Power By To get equivalent number of:

Inches of water (in. H, O) 0.2491 Kilopascals (kPa)
Pounds/square in. (Ib/in.2) 6.895 Kilopascals (kPa)
Multiply Energy or Work By To get equivalent number of:
British Thermal Unit (Btu) 1055 Joules (J)

Foot-pound (ft-lb) 1.3558 Joules (J)

kilowatt-hour (kW-hr) 3,600,000. or 3.6 x 108 Joules (J = one W/s)
Multiply Light By To get equivalent number of:
Foot candle (fc) 10.764 Lumens/meter? (Im/m?)
Multlply Fuel Performance By To get equivalent number of:
Miles/gal (mile/gal) 0.4251 Kilometers/liter (km/L)
Gallons/mile (gal/mile) 2.3527 Liter/kilometer (L/km)
Multiply Velocity By To get equivalent number of:
Miles/hour (mile/hr) 1.6093 Kilometers/hour (km/hr)

Table 5

English to Metric Conversion Table

DECIMAL AND METRIC EQUIVALENTS

Listed in Table 6 are the decimal and metric equivalents:

biect to ch
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Fractions of an Decimal Metric Fractions of an inch | Decimal (in.) Metric
inch (in.) (mm) {(mm)
1/64 0.015625 0.39688 33/64 0.515625 13.09687
1/32 0.03125 0.79375 17/32 0.53125 13.49375
3/64 0.046875 1.19062 35/64 0.546875 13.89062
1116 0.0625 1.58750 9/16 0.5625 14.28750
5/64 0.078125 1.98437 37/64 0.578125 14.68437
3/32 0.09375 2.38125 19/32 0.59375 15.08125
7/64 0.109375 2.77812 39/64 0.609375 15.47812
1/8 0.125 3.175 5/8 0.625 15.87500
9/64 0.140625 3.57187 41/64 0.640625 16.27187
5/32 0.15625 3.96875 21/32 0.65625 16.66875
11/64 0.171875 4.36562 43/64 0.671875 17.06562
3/16 0.1875 4.76250 11116 0.6875 17.46250
13/64 0.203125 5.15937 45/64 0.703125 17.85937
7/32 0.21875 5.55625 23/32 0.71875 18.25625
15/64 0.234375 5.95312 - 47/64 0.734375 18.65312
1/4 0.250 6.35000 3/4 0.750 19.05000
17/64 0.265625 6.74687 49/64 0.765625 19.44687
9/32 0.28125 7.14375 25/32 0.78125 19.84375
19/64 0.296875 7.54062 51/64 0.796875 20.24062
5/16 0.3125 7.93750 13/16 0.8125 20.63750
21/64 0.328125 8.33437 53/64 0.828125 21.03437
11/32 0.34375 8.73125 v 27/32 0.84375 21.43125
23/64 0.359375 9.12812 55/64 0.859375 21.82812
3/8 0.375 9.52500 7/8 0.875 22.22500
25/64 0.390625 9.92187 57/64 0.890625 22.62187
13/32 0.40625 10.31875 29/32 0.90625 23.01875
27/64 0.421875 10.71562 59/64 0.921875 23.41562
7/16 © 0.4375 11.11250 15/16 0.9375 23.81250
29/64 0.453125 11.50937 61/64 0.953125 24.20937
15/32 0.46875 11.90625 - 31732 0.96875 24.60625
31/64 0.484375 12.30312 63/64 0.984375 25.00312
1/2 0.500 12.70000 1 1.00 25.40000

Table 6 Conversion Chart-Customary and Metric Units
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SPECIFICATIONS

This section contains fastener torque specifications and pipe plug torque specifications.
Torque Specifications - Fasteners |

The proper bolt and nut torque is dependent on its size. Standard (ﬁon-metric) nut and bolt

torque specifications are listed in Table 7. The proper torque specifications for metric nuts and
bolts are listed in Table 8.

Nut and Bolt Size, mm 280M or Better Torque, N-m 280M or Better Torque, Ib-ft
No.10-24 5-7 4-5
1/4 in.-20 9-12 . 7-9
1/4 in.-28 11-14 8-10

5/16 in.-18 18-23 : 13-17
5/16 in.-24 20-26 15-19
3/8 in.-16 . 41-47 30-35
3/8 in.-24 47-53 35-39
7116 in.-14 62-68 46-50
7/16 in.-20 77-83 57-61
1/2 in~13 96-102 71-75
1/2 in.-20 112-126 83-93
9/16 in.-12 122-136 90-100
9/16 in.-18 145-159 107-117
5/8 in.-11 186-199 137-147
5/8 in.-18 228-241 168-178
3/4 in-10 325-339 240-250
3/4 in.-16 393-407 290-300
7/8 in.-9 556-569 410-420
7/8 in-14 644-657 475-485
1 in.-8 789-799 580-590
1 in-14 928-942 685-695

Table 7 Standard (Non-metric) Fastener Torque Specifications
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Nut and Bolt Size, mm | Property Class 10.9 Torque, N-m Property Class 10.9 Torque, Ib-ft

M6 X 1.0 13-16 10-12

M8 X 1.26 30-38 22-28

M10 X 1.5 58-73 43-54

Mi12 X 1.75 101-126 75-93

M14 X 2.0 160-200 118-148

M16 X 2.0 245-306 181-226

M20 X 2.5 478-598 353-441

Table 8 Class 10.9 Torque Specifications for Metric Fasteners
Torque Specification - Pipe Plugs

Standard pipe plug torque specifications supporting the Series 60 engine are listed in Table 9.

*Pipe Plug Size, NPTF Torque Specifications, N-m Torque Specifications, Ib-ft
1/8 in. 14-18 10-13
1/4 in. 19-24 14-18
3/8 in. 24-31 ' 18-23
1/2 in. 31-39 23-29
3/4 in. 45-56 33-41
1in. 101-126 75-93
1-1/4 in. 129-161 95-119
1-1/2 in. 149-187 110-138

*Use sealant such as Pipe Plug Sealant with Teflon®, PT-7271 (Loctite® 592), or equivalent on all uncoated pipe plugs.

Table9 Standard Pipe Plug Torque Specifications
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SERIES 60 SERVICE MANUAL

1.1 CYLINDER BLOCK AND CYLINDER LINER

The cylinder block is the basic engine structure, establishing and maintaining the alignment of all
engine working parts. In the Series 60 Engine, the cylinder bores are not an integral part of the
block casting, but are in the form of replaceable, wet type cylinder liners. See Figure 1-1.

Flanges at the liner upper ends seat in counterbores in the block deck, and project slightly above
the deck to compress the head gasket for a good compression seal. Below the water jacket the
lower end of the cylinder liner has two D-shaped seal rings and a lipped crevice seal to prevent
leakage between the water jacket and crankcase.

2001
1. Cylinder Block 4. Cylinder Liner
2. D-rings 5. Integral Coolant Inlet Manifold
3. Crevice Seal 6. Oil Galleries
Figure 1-1 Series 60 Cylinder Block and Liner
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An integral coolant inlet manifold is cored into the right side of the block. It distributes the
water pump output along the length of the block. Oil galleries are machined into the cooler
side of the block. See Figure 1-1.

The integral oil galleries direct the oil pump output through the external oil cooler and filters, to
the main oil gallery and to drilled passages in the crankcase webs which supply oil under pressure
to each main bearing. In the crankcase, five integral webs plus front and rear bulkheads support
the crankshaft in seven main bearings. See Figure 1-2.

ORIFICE

34512

Figure 1-2 Series 60 Cylinder Block Crankcase

An improved cylinder block has replaced the former block on all Series 60 engines. This change
took effect with unit serial number 6R210293, built November 30, 1994. The former cylinder
block was used on engines built prior to this serial number.

The Series 60 cylinder block was further improved by the addition of a drilled lubrication orifice
and bolt hole at the base of each cylinder bore. See Figure 1-2. The orifices are drilled into the
main oil gallery and are required for installation of bolt-on oil spray nozzles used with forged
steel pistons on premium engines. When blocks are used for non-premium engines with cast-iron
pistons, the lubrication orifices are closed with bolt-on steel plates. First usage of the drilled block
was on May 2, 1998, effective with engine serial number 6R408505.

All information subject to change without notice.
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SERIES 60 SERVICE MANUAL

The improved block permits installation of adaptorless Bendix and Midland air compressors onto
the gear case. The improved block is similar to the former block, except that it has a slightly
modified sidewall configuration that eliminates interference between the block and the adaptorless
compressor. To compensate for the elimination of the adaptor, air compressor mounting bracket
bolt holes have been moved forward 130.3 mm (5.13 in.) on the block. See Figure 1-3. Since
these holes have a different spacing than the former holes, an improved compressor mounting
bracket is required. A new air compressor coolant supply port has also been added forward of the
former supply port. The former port is plugged when the adaptorless compressor is installed.

FORMER
SUPPLY HOLE LUGGED
83%55&‘% (FOR COMPRESSOR )
SUPPLY HOLE WITH ADAPTOR)
(FOR ADAPTORLESS
COMPRESSOR)
FRONT REAR
MOUNTING BRACKET
BOLT HOLES FOR
ADAPTORLESS COMPRESSOR
MOUNTING BRACKET
BOLT HOLES FOR
COMPRESSOR WITH ADAPTOR
25209
Figure 1-3 Cylinder Block Showing Current Modifications

When replacing a former block with an improved block, it is recommended (but not necessary)
that an adaptorless air compressor, improved compressor mounting bracket, and improved
compressor coolant supply hose be installed. Refer to section 10.1.3, of this manual for
information on installing the adaptorless air compressor.

i bject to change without notice.
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CYLINDER BLOCK AND CYLINDER LINER

1.11

Repair or Replacement of Cylinder Block

To determine if repair is possible or replacement is necessary, perform the following procedure.
See Figure 1-4.

VLINDER
INSPECT
BLOCK CYLINDER
/ LINERS
DISCARD
LINERS
REMOVE & REMOVE ALL CLEAN THE
TAG CYLINDER COMPONENTS CYLINDER INSTALL NiEW
LINERS & ASSEMBLIES BLOCK
1
INSTALL
LINERS WiTH
LA - NEW SEATS
| ! I
! ves I PRESSURE
REPLACE |
BLOCK I DOES BLOCK : TEST BLOCK
|
REMOVE &
maacyunoer| | Tno | CNBRECT
LINERS BLOCK

MATING
SURFACES
ROUGH?

DAMAGED
DOWELS?

LOOSE,

INSTALL MAIN
BEARING
CAPS

REPLACE REPAIR REPAIR REPLACE BORES TO
BLOCK BLOCK BLOCK DOWELS SPEC ?
INSTALL
LINERS & r REPAIR
NEW SEALS
|
21689
Figure 1-4 Flowchart for Repair or Replacement of Cylinder Block
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SERIES 60 SERVICE MANUAL

1.1.2 Removal and Disassembly of Engine from the Vehicle or Vessel

Before mounting an engine on an overhaul stand, it must be disconnected from the transmission.
Details for removing an engine will vary from one application to another. However, the following
steps will be necessary, regardless of application:

1. Disconnect the battery cable(s) from the battery(s).

2. Drain the cooling system completely by removing the drain plug in the oil cooler and
opening the drain cocks in the cylinder block, thermostat housing and water pump
housing. Refer to section 13.13.4.

NOTE:
On marine engines, drain the heat exchanger, charge air cooler and water-cooled intake
manifold, if installed.

3. Drain the lubricating oil. Refer to section 13.13.1.

Disconnect the inlet fuel line from the primary fuel filter and the outlet line from the upper
fitting at the rear of the cylinder head. Refer to section 2.8.1.

Remove the air cleaner ducting as necessary for engine removal. Refer to OEM guidelines.

Remove the charge air cooler ducting from the turbocharger and intake manifold.
Refer to section 6.10.2.

7. Disconnect the exhaust piping from the turbocharger. Refer to section 6.6.2.
Disconnect DDEC:

(a] For DDEC I, disconnect the 22-pin DDEC electrical connector.
Refer to section 2.18.2.

[b] For DDEC II or III, disconnect the 30-pin DDEC vehicle electrical connector and
the six-pin DDEC II power connector or DDEC III/IV five pin power connector.
Refer to section 2.16.2, or refer to section 2.17.3.

9. Disconnect and remove the cranking motor. Refer to section 8.4.2.
10. Remove the alternator and other electrical equipment, as necessary. Refer to section 8.2.2.
11. Remove the air compressor and any air lines, as necessary. Refer to section 10.1.5.
12. Disconnect and remove the coolant hoses.
13. On marine engines, remove the raw water pump.Refer to section 4.4.2.

14. Remove the charge air cooler, radiator, fan guard and other cooling system related parts as
necessary to remove the engine. Refer to section 6.10.2.

NOTE: .
On certain keel cooled marine engines, remove the front-mounted charge air cooler and

mounting, if installed. Refer to section 4.4.2.

All inf k bject to ch without notice.
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1.1  CYLINDER BLOCK AND CYLINDER LINER

15. Connect a suitable lifting device to the engine using all three lifting brackets (two at the
rear and one at the front).

16. Separate the engine from the transmission or marine gear.

17. Remove the engine mounting bolts.

A CAUTION:

To avoid injury from a falling engine, an adequate lifting
device with a spreader bar and sling should be used to

lift the engine. The sling and spreader bar should be
adjusted so the lifting hooks are vertical to prevent bending
the lifter brackets. To ensure proper weight distribution,

all provided lifter brackets must be used.

18. Lift the engine from its mounts using a suitable lifting device. See Figure 1-5.

SPREADER BAR

20015

Figure 1-5 Lifting Engine

All information subject to change without notice.
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SERIES 60 SERVICE MANUAL

a CAUTION:

To avoid injury from a falling engine, ensure the engine
is securely attached to the engine overhaul stand
before releasing the lifting sling. '

19. Use engine overhaul stand, J 29109, with stand adaptor plate,
J 35635-1 part of J 35635-A for support when stripping a Series 60 engine
cylinder block. See Figure 1-6.

J 29109

20013

Figure 1-6 Engine Overhaul Stand and Adaptor

All ink J bject to change without notice.
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1.1 CYLINDER BLOCK AND CYLINDER LINER

20. Bolt cylinder block adaptor, J 35635-2 part of J 35635-A, to the cylinder block and mate it
with the stand adaptor, J 35635-1 part of J 35635-A. See Figure 1-7.

J 35635-1

20014

Figure 1-7 Cylinder Block Adaptor

21. The engine is left-side mounted in an upright position. Rotate it in either direction and
lock it into position.

22. Remove the fuel filters and adaptor.

[a] For DDEC I engines, remove the inlet and outlet fuel lines connected to the
Electronic Distributor Unit (EDU) cold plate, the EDU mounting bolts, and the
EDU. Refer to section 2.18.2.

[b] For DDEC II engines, remove the inlet and outlet fuel lines connected to the
Electronic Control Module (ECM) cold plate, the ECM mounting bolts, and the
ECM. Refer to section 2.17.3.

NOTE:
DDC has discontinued the use of the ECM cold plate on all Series 60 automotive engine

models, effective with unit serial number 06R0008950. In place of the ECM cold plate, a
No. 6 x 37.92 in. (963 mm) long hose assembly (23504785) is now routed from the fuel
pump discharge fitting to the inlet of the secondary fuel filter.

All inf i bject to ige without notice.
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SERIES 60 SERVICE MANUAL

[c] Current DDEC III/IV Series 60 vehicle, industrial and generator set engines do
not have a cold plate.

NOTE:
Series 60 marine engines DO have a cold plate.

23. Disconnect the harness connector (gray) from the timing reference sensor (TRS)
at the lower left corner of the gear case. Remove the TRS from the gear case.
Refer to section 2.30.2.

24. Disconnect the harness (black) connector from the synchronous reference sensor
(SRS) at the left rear wall of the gear case. Remove the SRS from the gear case.
Refer to section 2.29.2.

25. Remove any electrical components, connectors or wiring looms from the engine.

26. With the engine mounted on the overhaul stand, remove all of any remaining
subassemblies and parts from the cylinder block.

[a] To remove the one piece valve rocker cover, refer to section 1.6.2.

[b] To remove the two piece valve rocker cover, refer to section 1.6.3.

[c] To remove the three piece valve rocker cover. Refer to section 1.6.5.

[d] Remove the engine lifter brackets, refer to section 1.5.2.

[e] Remove the crankshaft pulley, refer to section 1.13.2.

[f] Remove the crankshaft vibration damper, refer to section 1.12.2.

[g] Remove the accessory drive, refer to section 1.28.2.

[h] Remove the gear case cover, refer to section 1.10.2.

[il Remove the camshaft drive gear, refer to section 1.24.2.

[l Remove the bull gear and camshaft idler gear assembly, refer to section 1.26.2.
[k] Remove the adjustable idler gear assembly, refer to section 1.25.2.

(1] Remove the crankshaft timing gear and timing wheel, refer to section 1.27.2.
[m] Remove the gear case, refer to section 1.11.2.

[n] Remove the camshaft, refer to section 1.23.2.

[o] Remove the cylinder head, refer to section 1.2.2.

[p] Remove the flywheel, refer to section 1.14.2.

[q] Remove the flywheel housing, refer to section 1.16.2.

[f] Remove the oil pan, refer to section 3.1 1.2.

[s] Remove the piston and connecting rod assembly, refer to section 1.18.2.

[t] Remove the crankshaft, refer to section 1.7.2.

Al information subject to change without notice.
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1.1  CYLINDER BLOCK AND CYLINDER LINER

NOTICE:

Before removing main bearing caps, be sure each is stamped or
punch-marked in numerical order, beginning with No. 1 at the
front, to ensure installation in their original position. Mark all
caps on the oil cooler side (right side) of the engine to prevent
reversal at assembly. Failure to mark numerical order may result
in the caps being put back in incorrect order, improper crankshaft
support and severe crankshaft or bearing damage or both.

[u] Remove the crankshaft main bearings, refer to section 1.9.2.
1.1.3  Cleaning the Cylinder Block

Before removing cylinder liners for block cleaning, the liner bores should be gaged to determine
whether liner replacement is necessary. Refer to section 1.20.2.2.

Remove cylinder liners with the cylinder liner removal tool, J 35791, before putting the block
in cleaning or descaling baths, to avoid trapping cleaning agents in block liner seating bores.
See Figure 1-8.

J 35791

24266

Figure 1-8 Cylinder Liner Removal Tool

All information subject to change without nofice.
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SERIES 60 SERVICE MANUAL

After disassembling and before removing the cylinder block from the overhaul stand for cleaning
and inspection, install the two metric eye bolts J 35595 to the cylinder block. See Figure 1-9.

RING HOLD DOWN STRIP ~ QUTSIDE TEST
BOLT TORQUE (14 STRIP (2)
230-237 N'm (170-175 Ib-ft)

OUTSIDE STRIP
BOLT TORQUE (20)
14 N'm (10 lb-ft)

J 35595

RING TEST
STRIP (2)

20017

Figure 1-9 Cylinder Block Test Deck Plate Installation

Clean the cylinder block as follows:

1.

Remove all oil and water gallery and weep hole plugs to allow the cleaning solution to
enter the inside of the oil and water passages. On current block, remove bolt-on plate or
piston-cooling oil spray nozzle at the base of each cylinder bore.

Immerse and agitate the block in a hot bath of a commercial, heavy-duty alkaline solution.
Wash the block in hot water or steam clean it to remove the alkaline solution.

If the water jackets are heavily scaled, proceed as follows:

[a] Immerse and agitate the block in a bath of inhibited phosphoric acid.

[b] Allow the block to remain in the acid bath until the bubbling action stops
(approximately 30 minutes).

~ [c] Lift the block, drain it and immerse it again in the same acid solution for 10 more

minutes. Repeat until all scale is removed from the water jacket area.
[d] Rinse the block in clear, hot water to remove the acid solution.

[e] Neutralize the acid that may cling to the casting by immersing the block in an
alkaline bath.

jon subject to change without notice.
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1.1  CYLINDER BLOCK AND CYLINDER LINER

[f] Wash the block in clean water or steam clean it.

a CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

5. Dry the cylinder block with compressed air. Blow out all of the bolt holes and passages
with compressed air.

NOTE:

The above cleaning procedure may be used on all ordinary cast iron and steel parts for
the engine. Aluminum parts, such as flywheel housing, air intake manifold, oil filter
adaptor and the camshaft gear access cover should NOT be cleaned in this manner.
Mention will be made of special procedures when necessary.

6. Be certain that all water passages and oil galleries have been thoroughly cleaned and
dried. Install weep hole plugs and precoated pipe plugs. Install new cup plugs using
a coating of good grade non-hardening sealant such as Loctite® 620 or equivalent.
Refer to section ADDITIONAL INFORMATION 1.A, "Engine Plug and Dowel Chart."

7. Pressure test the cylinder block. Two methods of cylinder block pressure testing may be
used depending on the test facilities available:

[a] Immersion method; refer to section 1.1.3.1.

[b] Leak-marker method; refer to section 1.1.3.2.

All information subject to change without notice,
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SERIES 60 SERVICE MANUAL

1.1.3.1 Testing the Cylinder Block (Immersion Pressure Method)

Use cylinder block pressure test kit, J 36223-D, for immersion method pressure testing as follows:

1. Install cylinder liners with new seal rings and crevice seals. Refer to section 1.20.3. Seat
the liners firmly in the block counterbores with cylinder liner installation tool, J 35597.

2. Install two metric eye bolts, J 35595, in the head bolt holes at opposite ends of the
block. See Figure 1-10.

RING HOLD DOWN STRIP  QUTSIDE TEST
BOLT TORQUE (714? STRIP (2)
230-237 N-m (170-175 Ib-ft)

OUTSIDE STRIP
BOLT TORQUE (20)
14 N-m (10 Ib-ft)

J 35595

RING TEST
STRIP (2) \
0

20017

Figure 1-10 Cylinder Block Test Deck Plate Installation

3. Install the cylinder block test strips and rings. See Figure 1-10.

4. Install the bolts through the strips and into the cylinder block. Torque the bolts on the
ring strips to 230-237 N-m (170-175 1b-ft). Torque the bolts on the outside strips to 14
N-m (10 1b-ft).

NOTE:
Because of a design change to the 1991 cylinder block, the water inlet cover plate tool

has changed. Refer to section ADDITIONAL INFORMATION 1.A, for instructions on
modifying the former tool, J 36223-7, part of J 36223-D.

All information subject to change without notive.
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CYLINDER BLOCK AND CYLINDER LINER

5. Install the water inlet cover plate, J 36223-7A, part of J 36223-D. See Figure 1-11. Use

the bolt supplied with the tool to secure it to the cylinder block.

COOLER
COOLER INLET

INLET J 36223-7A

AR LINE
FITTING
A
prides BOLT (SUPPLIED

WITH TOOL J 36223-7A) (

BOLT
(SUPPLIED
WITH TOOL *

e ———

PRE-1991 CYLINDER BLOCK 1991 AND LATER CYLINDER BLOCK

20018

Fighre 1-11 Water inlet Cover Plate Installation

NOTE:

At the base of each liner, the space between upper and lower liner seals is vented to the
block surface on the left side. Any coolant leakage past the upper seal is drained to the
outside rather than into the crankcase, and is easily detected by a visual inspection.

6. With a suitable lifting device and spreadable bars, immerse the cylinder block for twenty

7.

minutes in a tank of water heated to 82-93°C (180-200°F).

Attach an air line to the water inlet cover plate and apply 138 kPa (20 1b/in.?) air pressure
to the water jacket. Observe the water in the tank for bubbles that will indicate cracks or
leaks. A cracked cylinder block must be replaced by a new block.

All information subject to change without notice.
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SERIES 60 SERVICE MANUAL

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

8. Remove the block from the water tank. Remove the plates and gaskets and blow out all of
the passages in the block with compressed air.

9. Remount the cylinder block to the engine overhaul stand, J 29109. See Figure 1-6.
1.1.3.2 Testing the Cylinder Block (Leak-Marker Pressure)

When a large water tank is not available, or when it is desired to check the block for cracks
without removing the engine from the vehicle cylinder block, leak-marker pressure testing may be
used. However, it is necessary to remove the cylinder head, oil cooler, and oil pan.

1. Install cylinder liners with new seal rings and crevice seals. Refer to section 1.20.3. Seat
the liners firmly in the block counterbores with cylinder liner installation tool, J 35597.

2. Install two metric eye bolts, J 35595, in the head bolt holes at opposite ends of the
block. See Figure 1-10.

3. Fill the water jacket with a mixture of water and 3.8 liters (1 U.S. gallon) of
permanent-type antifreeze. The antifreeze will penetrate small cracks and its color will
aid in detecting their presence.

4. Install the cylinder block test strips and rings. See Figure 1-10.

5. Install the bolts through the strips and into the cylinder block. Torque the bolts on the
ring strips to 230-237 N-m (170-175 Ib-ft). Torque the bolts on the outside strips to 14
N-m (10 1b-ft).

6. Install the water inlet cover plate, J 36223-7A part of J 36223-D. See Figure 1-11. Use
the bolt supplied with the tool to secure it to the cylinder block.

NOTE:

At the base of each liner, the space between upper and lower liner seals is vented to the
block surface, on the left side. Any coolant leakage past the upper seal is drained to the
outside rather than into the crankcase, and is easily detected by a visual inspection.

NOTE:
Because of a design change to the 1991 cylinder block, the water inlet cover plate tool

has changed. Refer to section ADDITIONAL INFORMATION 1.A, for instructions on
modifying the former tool, J 36223-7 part of J 36223-D.

Al information subject to change without notice,
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1.1  CYLINDER BLOCK AND CYLINDER LINER

7. Apply 138 kPa (20 1b/in.?) air pressure to the water jacket and maintain this pressure for
at least two hours to give the water and antifreeze mixture ample time to work its way
through any cracks which may exist.

8. At the end of this test period, examine the outside diameter area of the liner flanges, oil
passages, crankcase and exterior of the block for presence of the water and antifreeze
mixture, which will indicate the presence of cracks. A cracked cylinder block must be
replaced with a new block.

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

9. After the pressure test is completed, remove the test deck plate and gasket and the water
inlet cover plate. Drain the water jacket. Then blow out all of the passages in the cylinder
block with compressed air.

10. Remount the cylinder block to the engine overhaul stand, J 29109. See Figure 1-6.

All ir i bject to ge without notice.
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- SERIES 60 SERVICE MANUAL

1.1.3.3 Inspection of the Cylinder Block

Perform the following for cylinder block inspection:

1. Remove the cylinder liners and regage to determine whether liner replacement is
necessary. Refer to section 1.20.2.

2. Measure the bore of each cylinder with cylinder bore gage, J 5347-B, which has a dial
indicator calibrated in 0.0001 in. increments. See Figure 1-12.

20019

Figure 1-12 Gaging Cylinder Bores

All inf ion subject to change without notice.
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1.1  CYLINDER BLOCK AND CYLINDER LINER

3. Measure cylinder block bore, at the positions on axis 90 degrees apart. See Figure 1-13. If
the diameter does not exceed the dimensions listed in Table 1-1, the block may be reused.

NOTE:

The above measurements are average gage readings at each position. Also, the
out-of-round must not exceed 0.0254 mm (0.001 in.).

20217
Figure 1-13 Maximum Cylinder Block Bore Diameters by Location (After
Clean-up)
Location Diameter, mm Diameter, in.
A 149,050 - 149.120 5.868 - 5.871
B 146.050 - 146.120 5.750 - 5.753
c 146.050 - 146.120 5.750 - 5.753

Table 1-1 Acceptable Cylinder Bore Diameters

to ch without notice.
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SERIES 60 SERVICE MANUAL

1.1.3.4 Inspection of Deck Flathess

Check the cylinder block deck for flatness with an accurate straightedge and feeler gage.
See Figure 1-14.

FEELER GAUGE

STRAIGHTEDGE

20020

Figure 1-14 Checking Block Deck for Flatness

Check front-to-rear flatness next to the cylinder liner flanges on both sides, and side-to-side
flatness between the liner flanges. The deck must be flat within 0.127 mm (0.005 in.) front-to-rear,
and flat within 0.076 mm (0.003 in.) side-to-side. If not, the deck must be resurfaced.

All information subject to change without
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1.1  CYLINDER BLOCK AND CYLINDER LINER

NOTICE:

The camshaft is mounted in the cylinder head so resurfacing
of the block affects the position of the camshaft in relation
to the adjustable idler gear and gear train.

Record the amount of stock removed from the cylinder block by stamping the amount removed
on the cylinder block pad. See Figure 1-15.
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20021
Figure‘1-15 Recording Stock Removal on Cylinder Block Pad

All information subject 10 change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

1-22



SERIES 60 SERVICE MANUAL

1.135 Inspection of Main Bearing Bores

Perform the following steps for main bearing bore inspection:

1. Install the main bearing caps in their original positions. Lubricate the cap bolt threads and
head contact surfaces with a small quantity of International Compound #2®,
International Compound #2° is a registered trademark of IRMCO.

2. Install the main cap bolts and torque to 470-530 N-m (347-391 1b-ft).

3. Measure the main bearing bores using dial bore gage which has a dial indicator calibrated
in 0.0001 in. increments. Set the cylinder bore gage on zero in master setting fixture.
See Figure 1-16.

J 5347-B

20022

Figure 1-16 Gaging Main Bearing Bores

The bore diameter specifications is 133.00-133.025 mm (5.236-5.237 in.). Line boring is also
necessary when a bearing cap must be replaced due to breakage or spun-bearing damage.
Refer to section ADDITIONAL INFORMATIONI1.A, for line bore specifications which are
listed in Table 1-15.

NOTE:
Dial bore master setting fixture should be used to zero the cylinder bore gage.

All information subject to change without notice.
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1.1.3.6 General Inspection

Check all machined surfaces for nicks or burrs that could affect the fit of mating parts.
Clean up as necessary by stoning. Also inspect all tapped holes for thread damage and retap
or install helical thread inserts as necessary. Replace any loose or damaged dowel pins.
Refer to section ADDITIONAL INFORMATION 1.A, "Engine Plug and Dowel Charts" for

specifications.

1.1.3.7 Rust Prevention

After inspection, if the cylinder block is not to be used immediately, spray the machined surfaces
with engine oil.

NOTICE:

Castings free of grease or oil will rust when exposed to the
atmosphere. Rust on machined surfaces may result in leakage.

If the block is to be stored for an extended period of time, spray or dip it in a polar-type rust
preventive such as "Tectyl® 502-C" from Valvoline Oil Company (or equivalent).

Tectyl® is a registered trademark of Ashland Oil, Inc.

All inf f bject to change without notice,
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114

After the cylinder block has been cleaned and inspected, assemble the engine as follows:

Reassembly of Cylinder Block

“ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)

and do not exceed 40 psi (276 kPa) air pressure.

Before a reconditioned or new service replacement cylinder block is used, steam clean it

1.
to remove the rust preventive and blow out the oil galleries with compressed air.

2. If a new service replacement block is used, stamp the engine serial number and
model number on the pad provided on the left side of the block, just below the deck.

See Figure 1-17.
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Location of Engine Serial and Model Numbers

Figure 1-17
3. Also stamp the position numbers on the main bearing caps and the position of the No. 1

bearing on the cooler side of the oil pan mounting flange of the block.
4, Install the main bearing caps in their original positions; refer to section 1.9.3.

All information subject to change without notice.
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NOTICE:

Always check to make sure cooling nozzles are open and
aligned after piston installation. An obstructed, misaligned,
bent, or damaged nozzle may not provide proper piston
cooling. A loosened nozzle may cause a loss of main gallery oil
pressure. In either case, piston overheating or lack of adequate
lubrication may result in severe engine damage.

5. On current non-premium engines with cast iron pistons, install the bolt-on plate over the
oil gallery orifice at the base of each cylinder bore. On premium engines with closed-end
rods and forged steel pistons, install oil spray nozzles into these openings. See Figure 1-18
for location of nozzle. Torque plate nozzle retaining bolts to 30-38 N-m (22-28 Ib-ft).

<

VO o I I I ISV III IS I IIIS

NOZZLE

A

CROSS-SECTIONAL VIEW

NOZZLE

BOTTOM VIEW

33422

Figure 1-18 Oil Spray Nozzle Location
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6. Install all of the required cup plugs. Use a good grade of non-hardening sealant such
as Loctite® 620 (or equivalent). Apply a thin coat of sealant just inside the chamfer
where the plug is to be installed and install using cup plug installation tool set, J 35653.
See Figure 1-19.

et S —M~
S
gl — e

J 356532 J 7079-2 J 35653~1

20024

Figure 1-19 Cup Plug Installation Tool Set

All information subject to changa without notice.
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7. Install all of the required pipe plugs. Refer to section ADDITIONAL INFORMATION
L.A, "Engine Plug and Dowel Charts".

NOTE:

Whenever a pipe plug is removed from the cylinder block, the threads must be coated
with Loctite®, PT-7260, pipe sealant with Teflon, or equivalent, before reassembly.
Certain plugs available from the parts depot already have a sealer applied to the threads.
Although unnecessary, this pre-coating will not be affected if pipe sealer with Teflon is
also applied.

8. With the engine mounted on the overhaul stand, install all of any remaining subassemblies
and parts on the cylinder block. '

[a]
[b]
[c]
[d]
[e]
(f]
[g]
[h]
[i]
1]
(k]
1
[m]
[n]
[o]
[p]
[q]
[r]
[s]

fu]
[v]

To install the crankshaft main bearings, refer to section 1.9.3.

To install the crankshaft, refer to section 1.7.3.

To install the piston and connecting rod assembly, refer to section 1.18.5.

To install the oil pan, refer to section 3.11.4.

To install the flywheel housing, refer to section 1.16.3.

To install the flywheel, refer to section 1.14.3.

To install the cylinder head, refer to section 1.2.5.

To install the camshaft, refer to section 1.23.6.

To install the gear case, refer to section 1.11.3.

To install the crankshaft timing gear and timing wheel, refer to section 1.27.3.
To install the adjustable idler gear assembly, refer to section 1.25.3.

To install the bull gear and camshaft idler gear assembly, refer to section 1.26.3.
To install the camshaft drive gear, refer to section 1.24 4.

To install the gear case cover, refer to section 1.10.3.

To install the accessory drive, refer to section 1.28.5.

To install the crankshaft vibration damper, refer to section 1.12.3.

To install the crankshaft pulley, refer to section 1.13.3.

To install the engine lifter brackets, refer to section 1.5.3.

To install the valve rocker cover, refer to section 1.6.8 (one piece) and
refer to section 1.6.9 (two piece and three piece).

Install any electrical components, connectors or wiring looms that were removed
during disassembly.

Install the SRS, refer to section 2.29.3.
Install the TRS, refer to section 2.30.3.

All information subject to change without notice.
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[w] Install the ECM, refer to section 2.18.3for DDEC I, refer to section 2.17.4for
DDEC I, refer to section 2.16.3for DDEC III/IV, and cold plate if requlred
refer to section 2.16.3.

[x] Install a suitable lifting device to the engine. See Figure 1-5.

a CAUTION:

To avoid injury from a falling engine, ensure the engine
is securely attached to the engine overhaul stand
before releasing the lifting sling.

[yl Remove the engine from the overhaul stand. See Figure 1-6.

Transfer the engine to a suitable engine dynamometer test stand. Operate the engine on a
dynamometer following the Run-in procedure; refer to section 11.8.3.2.

Install the engine in the equipment from which it was removed.

ton subject to ch without notice.
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1.2 CYLINDER HEAD

1.2 CYLINDER HEAD

The Series 60 cylinder head combines intake and exhaust valve porting and fuel injector seats
with water jacketing to cool the ports, injectors and combustion chamber area. See Figure 1-20.

COOLING -
SYSTEM C COVER
EXHAUST - ©
SYSTEM CYLINDER HEAD
O ASSEMBLY
—__7

INTAKE
SYSTEM
BLOCK
20025
Figure 1-20 Cylinder Head Assembly and Mating Components
With the overhead camshaft design, the cylinder head assembly includes:
O Cylinder head
0 Valve and injector operating mechanism
O Injector, valve guide and related parts
O Camshaft and camshaft bearings
to ch without notice.
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The nested roller follower type rocker arms transmit camshaft motion directly to the valves and
injectors. See Figure 1-21.

O
R e

(9) () (o) o 7o

O O @)

20026

1. Rolier Follower 4. Exhaust Valve Rocker Arm
2. Injector Rocker Arm 5. Camshaft
3. Intake Valve Rocker Arm

Figure 1-21 Cylinder Head Assembly

All information subject to change without notice.
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1.2 CYLINDER HEAD

The nested roller follower type rocker arms transmit cam motion directly to the valves.
See Figure 1-22. '

O

27847
1. Roller Follower 3. Exhaust Valve Rocker Arm
2. Intake Valve Rocker Arm 4. Camshaft
5. Spacer

Figure 1-22 Cylinder Head Assembly (Series 60G Engine)

Al inf i bject to change without notice.
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h

The porting within the cylinder head is cross-flow, with intake and exhaust ports on opposite
sides for minimum restriction and maximum exposure to coolant flow. Four valves are used per
cylinder, two intake and two exhaust. See Figure 1-23.

EXHAUST
MANIFOLD

\

INTAKE
MANIFOLD

I - INTAKE
E - EXHAUST

20027

Figure 1-23 Intake and Exhaust Valve Porting

All information subject to change without notice.
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Replaceable valve guides, valve spring seats, valve stem seals, valve rotators and valve seat
inserts are used on all valves. See Figure 1-24.

5
6
7
20028

1. Valve Guide 5. Valve Stem Oil Seal

2. Valve Spring Seat 6. Valve Spring

3. Valve Seat Insert 7. Valve Rotator

4. Valve 8. Valve Keepers

Figure 1-24 Valve Guides and Related Parts

All information subject to change without notice.
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Copper injector tubes extending through the cylinder head water jacket are required for the fuel
injectors. The tubes are directly exposed to the coolant. An O-ring seals the injector tube upper
end in the recess. The lower end of the injector tube must be expanded and flared during the
installation process to contain a tight fit in the firedeck bore. A beveled seat machined in the tube
provides a compression-tight seal when the injector is seated, as well as affording effective heat
transfer facilitating injector cooling. Refer to section 2.4.

Fuel galleries machined into the head supply fuel under fuel pump pressure to all injectors, and
excess fuel is returned to the fuel tank. The fuel gallery outlet (restricted) fitting is installed in the
rear of the cylinder head. See Figure 1-25.

EUI HARNESS
MOUNTING FLANGE

OUTLET RESTRICTED
FITTING (.080 in.)

20029

Figure 1-25 Fuel Gallery Inlet and Outlet Fittings

All th Ject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

135



1.2 CYLINDER HEAD

1.2 Repair or Replacement of Cylinder Head

To determine if repair is possible or replacement is necessary, perform the following procedure.
See Figure 1-26.

REMOVE
HEAD

INSPECT
CYLINDER HEAD

CLEAN
HEAD

| I
' LEAKING NO !
CRACKED WARPED
: INJECTOR HEAD HEAD :
| : I
| I
b Y8 Y __ 1 YES 4
REPLACE
REPAIR REPLACE HEAD REUSE
ASSEMBLY
y
INSTALL
21690
Figure 1-26 Flowchart for Repair or Replacement of Cylinder Head

Al inf it bject to change without notice.
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1.2.2 Removal and Cleaning of Cylinder Head

Because optional and accessory equipment varies with the engine application, this procedure
covers only the basic engine. If the engine is equipped with accessories that affect cylinder head
removal, note the mounting details of each to assure correct installation at reassembly.

Remove the cylinder head as follows:
1. Drain the cooling system. Refer to section 13.13.4.
2. Disconnect the exhaust pipe at the turbocharger. Refer to section 6.6.2.

3. Remove the air cleaner and charge air cooler ducting from turbocharger and intake
manifold. Refer to section 6.2.2and refer to section 6.4.2.

Al information subject to change without notice.
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4. Disconnect the turbocharger coolant supply (if water-cooled), oil supply and drain lines,
and remove the turbocharger if necessary. See Figure 1-27.

20030
1. Eibow, Qit Drain Tube 10. Connector, Oil Supply Tube
2. Bolt, Mounting Bracket 11. Tube Assembly, Turbo Qil Supply
3. Bolt, Oil Drain Tube Clip 12. Clip, Oil Supply Tube
4, Tube, Turbo Oil Drain 13. Bolt, Oil Supply Tube Clip
5. Bolt, Oil Drain Tube Mounting 14. Connector, Oil Supply Tube (to turbocharger)
6. Gasket, Turbo Oil Drain Tube 15. Gasket, Turbo Exhaust Inlet
7. Nut, Turbo Mounting 16. Clip, Oil Drain Tube
8. Washer, Turbo Mounting 17. Bracket, Oil Drain Tube Clip Mounting
9. Turbocharger Assembly 18. Nut, Qil Drain Tube Clip

Figure 1-27 Turbocharger Oil Lines

All information subject to change without notice.
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5. On pleasure craft marine engines, remove water-cooled charge air cooler from cylinder
head. See Figure 1-28
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36033
1. Hose 8. Gasket
2. Elbow 9. CAC Mixer
3. Gasket 10. Housing Lower
4. Sleeve 11. Sensor
5. Seal Ring 12. Seal Ring
6. Bolt 13. Air Temperature Sensor
7. Housing Upper 14. Bracket
15. Bolt
Figure 1-28 Intake Manifold and Related Parts (Series 60 Heat

Exchanger-Cooled Pleasure Craft Marine Engine)

Al information subject to change without notice.
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1.2 CYLINDER HEAD

6. Seal the turbocharger compressor inlet and discharge with covers or masking tape. Plug
the oil supply fitting in the turbocharger housing.

7. Remove and inspect the exhaust manifold if necéssary. Refer to section 7.2.2 and
refer to section 7.2.3.1. See Figure 1-29, and see Figure 1-30.

2
& u\
R
=
1
27850
1. Exhaust Manifold 2. Heat Shield
Figure 1-29 Exhaust Manifold (Series 60G Engine)

All information subject to change without notice.
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37020

Figure 1-30 Exhaust Manifold (Series 60 Commercial Marine Engine)

All information subject to change without nolice.
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1.2 CYLINDER HEAD

8. Remove and inspect the intake manifold. Refer to section 6.4.2and refer to section 6.4.3.1.
See Figure 1-31for all diesel except pleasure craft marine. See Figure 1-28 for pleasure
craft marine and see Figure 1-32 for natural gas.

20410
1. Air inlet 6. Air Temperature Sensor
2. Short Bolt (2) 7. Turbo Boost Pressure Sensor Bolt (2)
3. Intake Manifold Gasket (3) 8. Turbo Boost Pressure Sensor
4. Cylinder Head 9. O-ring
5. Manifold Bolt (7) 10. Intake Manifold
Figure 1-31 Intake Manifold and Related Parts (All Diesel Except Heat

Exchanger-Cooled Pleasure Craft Marine)

All inf i bject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

1-42



SERIES 60 SERVICE MANUAL

27856

-

. Intake Manifold 5. Pipe Plug

2. Intake Manifold inlet 6. Bolt

3. Intake Manifold Gasket 7. Air Temperature Sensor
4 8

. Cylinder Head . Turbo Boost Pressure Sensor

Figure 1-32 In}take Manifold and Related Parts (Natural Gas)

Al ink 1t bject to change without notice,
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9. Open the drain cock location at the bottom of the thermostat housing to allow the coolant
in the housing to drain.

10. Disconnect radiator or heat exchanger, bypass pipe and hose clamps, and remove the
thermostat housing. Refer to section 4.5.2 and see Figure 1-33.

20033

1. Thermostat (2) 6. Bypass Tube
2. Pipe Plug 7. Thermostat Housing
3. Bolts, Thermostat Housing-to-Cylinder Head (4) 8. Drain Cock
4. Hose, Coolant 9. Seals, Thermostat Housing (2)
5. Hose Clamps (2) 10. Cylinder Head
Figure 1-33 Thermostat Housing Removal

All information subject to change without notice.
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11. Remove, disassemble, and inspect the valve rocker cover. Refer to section 1.6.2,
(one-piece), refer to section 1.6.3, (two-piece), refer to section 1.6.5, (three-piece) for
removal. Refer to section 1.6.6 for disassembly, and refer to section 1.6.2.1for inspection.

12. Remove Jake Brakes®, if equipped. Refer to section 1.29.2.
Jake Brake® is a registered trademark of Jacobs Vehicle Systems.

13. Remove rocker arm assemblies. Refer to section 1.3.2.

NOTE:

On heat exchanger-cooled pleasure craft marine engines the heat exchanger
must be removed before the camshaft can be disassembled from the engine.
Refer to section 4.12.2.

14. Remove the camshaft. Refer to section 1.23.2.

NOTE:

Using the camshaft gear pilot tool, J 35906, pull the camshaft gear and thrust plate
forward in the gear case until there is approximately a 6.35 mm (1/4 in.) gap between the
cylinder head and the diamond-shaped camshaft thrust plate seal when removing the
cylinder head. See Figure 1-34.

DIMELE Q THRUST
PLATE

CAMSHAFT
THRUST PLATE
DIAMOND SEAL

20261

Figure 1-34 Positioning Camshaft Thrust Plate

15. Inspect the rocker arm assemblies and camshaft lobes. Refer to section 1.3.2.2, and
refer to section 1.23.3.1.

Al ir jon subject to change without notice.
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16. Disconnect the fuel inlet and outlet lines at the rear of the cylinder head. See Figure 1-35.

FUEL QUTLET
FITTING

FUEL INLET
FITTING
J\o
20343
Figure 1-35 Removing Fuel from Cylinder Head Internal Passages

“ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

17. Blow low pressure compressed air into the inlet fitting for 20 to 30 seconds or until all of
the fuel is purged from the cylinder head.

18. Disconnect the injector wire harness at each injector. Refer to section 2.3.2.

19. Remove the harness mounting flange from the rear of the cylinder head and carefully
remove the harness from the head by pulling the harness through the hole in the cylinder
head. See Figure 1-25.

Al ink i bject to change without notice.
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NOTICE:

To avoid possible damage to the injector spray tips, remove the
injectors before lifting the head from the block. If the injectors
are not removed, handle the head carefully when it is off the
block and support the head fire deck on wooden blocks.

20. Remove the fuel injectors. Refer to section 2.3.2.

NOTE:
Fuel must be removed from the cylinder head fuel galleries prior to removing the injectors.

21. Remove the gear case stabilizer bracket at the right front corner of the head.

22. Remove the head bolts, refer to section 1.2.2, and install the cylinder head lifter bracket,
J 35641-A, using the bolt hole at the inboard center, No. 3 cam cap and two tapped
Jake Brake® bolt holes. See Figure 1-36.

INSTALL IN CAM
CAP BOLT HOLE

J 35641-A

Figure 1-36 Cylinder Head Lift Bracket Removal

All information subject to change without notice.
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23. Attach a suitable lifting hook to the eyelet in the lift bracket, and lifter the cylinder head
off the engine. See Figure 1-37.

EYELET

20036

Figure 1-37 Cylinder Head Removal

24. Drain the engine lubricating oil, refer to section 13.13.1, to remove any coolant that may
have drained into the oil pan when the water jacket was opened. Remove any coolant

from the cylinder bores.

to change without notice,

All infe ¥ b
6SE483 0010 Copyright © 2000 DETROIT DIES

1-48

EL CORPORATION



SERIES 60 SERVICE MANUAL

1.2.3 Cleaning of Cylinder Head

Clean the cylinder head as follows:

1. Keep parts segregated according to original position to assure proper reassembly, if parts
are to be reused. '

2. Remove all threaded plugs.
Steam clean the cylinder head once it has been stripped.

If coolant passages are heavily coated with scale, remove the injector tubes and cup plugs,
refer to section 2.4.2. Clean the head in a descaling bath, refer to section 1.2.2.

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

5. Clean the camshaft and camshaft bearings, valves, springs, valve rotators and rocker shafts
in fuel oil and blow dry with compressed air.

6. Clean the rocker arm assemblies.
1.2.3.1 Inspection of Cylinder Head

The following steps must be performed before inspecting the cylinder head:
1. Replace the plugs removed for cleaning. If the old plugs are reused, coat the plugs with
Loctite® PT-7260 , pipe sealant with Teflon, or equivalent.

NOTE:
If both front fuel galley plugs have been removed, it will be necessary to replace both

plugs.
2. If injector tubes have been removed, install new injector tubes. Refer to section 2.4.1.

3. Install new cup plugs using a good grade non-hardening sealant such as Loctite® 620
or equivalent.

4. Perform the following tests for cylinder head inspection.
[a] Pressure test, refer to section 1.2.3.2.

[b] Firedeck straightness test, refer to section 1.2.3.3.

All information subject to change without notice.
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1.2.3.2 Pressure Testing of Cylinder Head

Perform the following steps to pressure test the cylinder head:

1. Install the test strips (part of cylinder block pressure test kit, J 36223) to the firedeck on

the cylinder head. See Figure 1-38.

J 36223

SSSSS SRSy
ASORRS) oSk
&

20037

Figure 1-38 Cylinder Head Pressure Test Equipment Installation

2. Insert the cylinder head bolts through the cylinder head and test strips. Attach and torque

the nuts (supplied in J 36223) to 14 N-m (10 1b-ft).

All inf I b,
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3. Install the thermostat opening cover plate, and gasket to the cylinder head using the bolts
provided with the cover plate. See Figure 1-39.

J 35984-2

20038

Figure 1-39 Thermostat Opening Cover Plate Installation

Al ink tion subject to change without notice. :
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4. Install dummy fuel injectors, to the injector bores to assure proper seating of the fuel

injector tubes. See Figure 1-40.

INJECTOR J 35984-1
HOLD DOWN
CRAB

20039

Figure 1-40 Dummy Fuel Injector Installation

5.

Install the fuel injector crabs and hold-down bolts. Torque the bolts to 58-66 N-m
(43-49 Ib-ft). See Figure 1-40.

. Attach an air hose to the fitting on the thermostat opening cover plate.

Apply 207 kPa (30 Ib/in.?) air pressure to the cylinder head and immerse the head in a
water bath heated to 82-93°C (180-200°F).

Leave the head in the bath for at least 20 minutes to heat thoroughly, while watching for
bubbles indicating a crack or leak.

[a] If an injector tube leaks, replace tube(s). Refer to section 2.4.1for removal and
refer to section 2.4.5 for installation of new injector tube.

[b] If acracked cylinder head is detected, replace the cylinder head. Refer to section 1.2.5.

All information subject to change without notice.
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1.23.3 Inspection and Rework for Firedeck Straightness

The large mass and length of the head casting may contain longitudinal warp after it is unbolted
and removed from the engine block. At the time of factory manufacture, the longitudinal warp is
normalized by using a fixture and clamping the casting during machining. The casting is placed in
a fixture and clamped from its locating surfaces (datums). When unclamped, the head casting
resumes its original shape until it is bolted and tightened to the engine block.

Inspect the bottom (firedeck) of the cylinder head for straightness as follows:

1. Use a heavy, accurate straight-edge and feeler gages to check for transverse and
longitudinal warpage. See Figure 1-41.

STRAIGHTEDGE

‘--~/
% Q/“

0
J

FEELER
GAUGE

20040

Figure 1-41 Checking Firedeck Straightness

All information subject to change without notice.
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1.2 CYLINDER HEAD

2. Also, check for longitudinal warpage in five places and transverse warpage in 12 places,
indicated as A through L in the next illustration. See Figure 1-42.
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Figure 1-42 Cylinder Head Measurement Locations

3. The natural warp contained in the casting must be considered when inspecting firedeck
straightness with the head unbolted and unclamped. Natural warpage is not a cause for
correction. The firedeck (unclamped) must be straight within 0.279 mm (0.011 in.)
front-to-rear and 0.076 mm (0.003 in.) side-to-side. Cylinder head specifications are
listed in Table 1-31.

If the cylinder head flatness is outside of the specifications, Detroit Diesel Corporation
recommends replacing the cylinder head.

All inf h bjact to ch without notice.
6SEA483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

154



SERIES 60 SERVICE MANUAL

1.23.4 Verification of Countersink Geometry

To verify countersink geometry, perform the following steps.
1. Install new injector tubes. Refer to section 2.4.5.

2. Place valves into proper location and check to be sure that valve heads are recessed from
the firedeck surface by at least 1.4-1.8 mm (0.055 -0.071 in.). Listed in Table 1-31.
See Figure 1-43. If not, reduced-thickness valve seat inserts must be installed.

Refer to section 1.4.6.

CYLINDER HEAD
\ J 22273-01
O o |

! VALVE

DEPTH o
1.397-1.803mm  DIESEL (BOTH INTAKE & EXHAUST)
(.085 - 071 in.
0.787 -1.168 mm  GAS INTAKE
(031 - .046in.) '
0.914-1.346mm  GAS EXHAUST
(036 - .053 in.)
20044
Figure 1-43 Valve Head-to-Cylinder Head Measurement
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1.2.3.5 Inspection and Reworking of Head Bolt Counterbore

To assure clean and non-brinnelled cylinder head bolt counterbores, use J 38189 to resurface
the head bolt washer area.

The procedure and steps for proper use of the tool are as follows:

NOTICE:

There must be no space between the bottom of the cylinder head
and the table top to properly resurface the counterbores.

Place the cylinder head on a solid flat surface (preferably a steel table top) that completely
covers the bottom of head.

NOTICE:

Proper use of the J 38189 is important. Failure to use J 38189
properly may result in an incorrect counterbore depth.

Protect the valve springs and injector counterbore to keep any loose metal shavings from
getting into valve springs and counterbore during cutting operation.

With cylinder head on a flat surface using the 1/8 in. hex wrench supplied with tool,
loosen the stop collar and cutter to permit sliding on pilot.

Starting at the front of the cylinder head, place the pilot of the cutter into a cylinder head
bolt hole until the pilot contacts the flat surface beneath the cylinder head.

Allow the cutter to contact the counterbore surface. Lock the stop collar while against the
cutter. The cutter now will resurface the counterbore 0.508 mm (0.020 in.).

Remove the tool and place a 0.020 in. feeler gage between the cutter and the locked
stop collar.

With feeler gage in place, lock the set screw of the cutter, then remove the feeler gage
and loosen the set screw on the stop collar and slide it down tight against the cutter and
retighten.

Perform the following steps to resurface the counterbore 0.508 (0.020 in.):

1. Using a drill motor with a 1/2 in. chuck and a maximum of 450 r/min and a suitable
cutting oil to prolong the life of the cutter and to lubricate the pilot turning in bolt hole,
2. Apply a moderate pressure on the drill motor, continue cutting operation until pilot
bottoms on flat surface and then do not stop drill motor until after being lifted from cutting
surface. This is to eliminate surface marks.
NOTE:

The J 38189 tool pilot has a shoulder stop that will not allow the cutter to remove material
in excess of the Detroit Diesel Corporation specifications.

All inf ti bject to change without notice,
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3. If some of the bolt holes do not clean up completely, continue resurfacing remaining
holes, repeating the operation in. 0.005 in. increments. This will clean up any holes that
may not have cleaned up completely during the first cut.

After all counterbores have been resurfaced, remove any loose cutting chips.
Steam clean the complete cylinder head.

After steam cleaning, inspect the cylinder head for any remaining chips.

A

Reinstall the cylinder head assembly, using 38 of the new ground head bolt washers.
1.24 Assembly of Cylinder Head

Perform the following steps for cylinder head assembly:

“ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

NOTICE:

If the cylinder head is to be replaced, the new head must
be thoroughly cleaned before installation to remove all rust
and preventive compound, especially from the fuel and

oil galleries. This can be done by immersion in a bath of
fuel oil or mineral-spirits-based solvent and scrubbing out
all openings with a soft bristle brush. When clean, blow
the head dry with compressed air.

1. Install new precoated pipe plugs or coat the used plugs with pipe sealant with Teflon,
PT-7260 , or equivalent. Refer to section ADDITIONAL INFORMATION 1.A, "Engine
Plug and Dowel Charts" for specifications.

2. [Install all of the required cup plugs using a good grade of non-hardening sealant, such as
Loctite® 620 or equivalent, on the cup plugs. Use cup plug installation tool set, J 35653.
Refer to section ADDITIONAL INFORMATION 1.A, "Engine Plug and Dowel Charts"

for specifications.

3. Ensure that all cup and pipe plugs on the front face of the cylinder head are flush or
below the surface.

4. Install valve guides and seats, valves, valve stem seals, valve springs and rotators.
Refer to section 1.4.8and refer to section 1.4.7.

All bject to change without notice.
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1.25 Installation of Cylinder Head

Perform the following steps for cylinder head installation:

1. Ensure piston domes and the cylinder head and cylinder block firedeck surfaces are clean
and free of foreign matter. Inspect the head bolt holes in both block and head for the
presence of oil, water, dirt, or damaged threads, clean or retap as necessary.

2. Position the head gasket on the block and install cylinder head guide studs, J 35784, at
front and rear of the block. See Figure 1-44.

== @ rip)
C I
0

ROUND U
poweL & {0
'rl U \|"

Figure 1-44 Cylinder Head Guide Studs
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3. Lift the head into position with lift bracket, J 35641. See Figure 1-45. Lower it into place
over the guide studs, J 35784, until it seats on the block deck dowels. See Figure 1-44.

EYELET

20036

Figure 1-45 Cylinder Head Installation

4. Remove the guide studs.

5. Install the head bolts with special hardened washers, lubricating the threads and bolt-head
contact areas with a small amount of International Compound #2®, or equivalent.

All infk i bject to change without notice.
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6. Torque the head bolts to 250-285 N-m (185-210 Ib-ft) in the following sequence.
See Figure 1-46.

20046

Figure 1-46 Cylinder Head Bolt Tightening Sequence

NOTICE:

Failure to repeat the cylinder head bolt torque tightening sequence
can result in some head bolts losing their torque when others
are tightened resulting in insufficient clamp load.

7. Repeat the torque sequence to verify all of the head bolts are torqued to specification.

All information subject to change without notice.
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NOTICE:

The hemispherical portion of the injector hold-down crab washers
must be installed facing the crab (pointing down) in order to
prevent damage to the washers. See Figure 1-47.

8. Visually inspect each injector hole tube to ensure they are clean. Install the fuel injectors.
Refer to section 2.3.5. Be sure the injector hold-down crabs are clear of the valve and
injector springs.

TOWARD ,' {
ENGINE | ,
| 1
HEMISPHERICAL
PORTION
20047
Figure 1-47 Injector Hold-Down Crab Washer Installation

9. Install the clamp bolts with hemispherical washers, torque to 58-66 N-m
(43-49 1b-ft).

10. Install the camshaft. Refer to section 1.23.6.

NOTE:
If a cylinder head other than the one removed from the engine, or if a resurfaced cylinder
head is being installed, the three nuts retaining the adjustable idler gear must be
loosened before installing and torquing the camshaft drive gear retaining bolt.

All infc jon subject to chi without notice.
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11.

12.
13.
14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

NOTICE:

The camshaft drive gear-to-adjustable idler gear lash
must be measured/adjusted before the rocker arm
shaft assemblies are installed.

Measure and adjust the camshaft drive gear-to-adjustable idler gear lash.
Refer to section 1.21.2.1.

Install the rocker arm shaft assemblies. Refer to section 1.3.3.
Install Jacob’s Brake assemblies (if equipped). Refer to section 1.29.5.

Feed the injector harness wires through the opening at the rear of the cylinder head.
Secure the harness mounting flange to the cylinder head by torque the bolts to
10-15 N-m (7-11 Ib-ft).

Connect the injector harness wires to their respective injectors. Refer to section 2.3.5.

Install the gear case stabilizer bracket at the right front corner of the head. Tighten the
stabilizer to gear case bolt first and then the two bolts to the head. Torque the three bolts to
58-73 N'm (43-54 Ib-ft).

Install the thermostats and seals to the thermostat housing. Refer to section 4.5.5.
Clean the coolant outlet surfaces of the head and thermostat housing.

With the thermostats seated in the housing counterbores, install the housing to the cylinder
head, torque the housing bolts to 58-73 N-m (43-54 Ib-ft). Connect the radiator or heat
exchanger and bypass hose couplings and vent line.

Remove all traces of the old gasket from the cylinder head and exhaust manifold joint
surfaces. Install the exhaust manifold with new gaskets. Refer to section 7.2.4.

Clean the exhaust manifold and turbocharger joint surfaces and install the turbocharger
with a new gasket. Refer to section 6.6.7. If turbocharger is water cooled, connect coolant
supply and return lines.

Fill and vent the cooling system. Refer to section 13.13.4. Fill the engine lubrication
system. Refer to section 13.13.1.

Connect the exhaust and air-to-air cooler air ducting and install the air cleaner or air
separator.

Install any other components that were removed and fill with the required fluids, as
recommended. Refer to OEM guidelines.

All information subject to change without natice.
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A CAUTION:

Diesel engine exhaust and some of its constituents are
known to the State of California to cause cancer, birth
defects, and other reproductive harm.
[0 Always start and operate an engine in a well ventilated
area. '
0 If operating an engine in an enclosed area, vent the
exhaust to the outside.
O Do not modify or tamper with the exhaust system or
emission control system.

25. Start the engine and check for fuel, coolant or oil leaks. Keep the engine running while
you check.

26. Shut down the engine.

tion subject to change without natice.
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1.3 VALVE AND INJECTOR OPERATING MECHANISM

1.3 VALVE AND INJECTOR OPERATING MECHANISM

The valve and injector operating mechanism is located entirely in the cylinder head.

The Series 60 overhead camshaft design eliminates the need for push rods. Separate camshaft
followers are not needed, since the rocker arms incorporate follower rollers riding directly on the
camshaft lobes, transmitting camshaft motion to the valves and injectors. See Figure 1-48.

STEEL CAMSHAFT FOLLOWER ROLLERS

')

c
CAMSHAFT \ CERAMIC INJECTOR ROLLER

20050

Figure 1-48 Camshaft and Related Parts

All Ject to change without notice.
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Each of the three rocker arm assemblies contain bushings where the rocker arms are supported
on the rocker arm shafts. These bushings are not serviced separately. Each intake rocker arm
assembly operates two intake or valves in each cylinder. Each exhaust rocker arm assembly
operates two exhaust valves in each cylinder. In each set of rocker arm assemblies, the exhaust
rocker assembly is the widest, straddling the intake and fuel injector rocker arm assembly. The
center rocker operates the fuel injector follower. See Figure 1-49.

FUEL INJECTOR
ROCKER ARM

EXHAUST VALVE
ROCKER ARM INTAKE VALVE

ROCKER ARM

ROCKER ARM
SHAFT

24268

Figure 1-49 Rocker Arm Identification

All information subject to change without notice.
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1.3 VALVE AND INJECTOR OPERATING MECHANISM

The fuel injector rocker arm assembly is located between the intake and exhaust rocker arm
assemblies and has a single, bushing (not serviced separately). A rocker arm shaft carries three
sets of rocker arm assemblies and is mounted in seats machined into the camshaft bearing caps.
See Figure 1-50 and See Figure 1-51.

<

CUP PLUG
MUST BE INSTALLED 3
1.0-1.3 mm (.040-.050 in.
BELOW SURFACE USIN
TOOL J 36326
24499
1. Intake Valve Adjusting Screw {Used in A 6. Exhaust Vaive Adjusting Screw
-injector position also) _
2. Clip 7. Rocker Arm Shaft
3. Locknut 8. Exhaust Rocker Arm Assembly
4. Intake Rocker Arm Assembly 9. Valve Button
5. Fuel Injector Rocker Arm Assembly
Figure 1-50 Rocker Arm and Related Parts
All inf K ject to change without notice.
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1. Intake Valve Adjusting Screw 6. Exhaust Valve Adjusting Screw
2. Clip 7. Rocker Arm Shaft
3. Locknut 8. Exhaust Rocker Arm Assembly
4. Intake Rocker Arm Assembly 9. Valve Button
5. Spacer
Figure 1-51 Rocker Arm and Related Parts (Series 60G Engine)

i
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A new injector rocker arm assembly replaced the former injector rocker arm assembly on
all model 6067-GK60 engines beginning with serial number 06R0133091, and on all model
6067-GU60 and 6067-WU60 engines beginning with serial number 06R0157655.

NOTE:
When the current rocker is installed on a phosphated shatft, the shaft should be turned
180° to present a fresh phosphated area to the loaded region of the bushing.

The current assembly has a honed rocker arm shaft bushing, a ceramic cam follower and a new
phosphated (black in color) rocker arm shaft which provides improved wear characteristics. The
phosphated surface is required for the proper break-in of the steel rocker arm shaft bushings.

Current Series 60 engines have rocker arm shafts without flats at the mounting bolt locations. For
these engines, a spacer is installed between the rocker arm shaft and the mounting bolts or nuts
rather than a washer. This allows the rocker arm shaft to be rotated when installing new rocker
arms. When reusing rocker arm assemblies, the rocker arm shaft should not be rotated so that the
same surfaces of the rocker arm assemblies and rocker shafts are in contact with each other.

Vertical oil passages at the front and rear of the cylinder head deliver oil from the cylinder block
front and rear oil galleries to the No. 1 and 7 lower camshaft bearing saddles. >From there, the
oil is directed upward (through the enlarged stud hole) to the No. 1 and 7 upper bearing caps.
A drilled passage in each of these caps exits at the rocker arm shaft seat area, where it indexes
with a hole in each rocker arm shaft.

The rocker arm shafts have internal oil passages that deliver oil to the rocker arm bushings and
intermediate upper camshaft bearings. Some of the oil supplied to the rocker arm bushings passes
through the oil hole in the bushing to the rocker arm assemblies. The rocker arm assemblies
contained drilled passages that supply oil to the camshaft roller follower, the roller pin and the
bushing. The rocker arm assemblies also contain drilled passages that supply oil to the valve
adjusting screw, valve button, retainer clip, intake and exhaust valve stems and the fuel injector
follower.

All infe i bject to ch: without notice.
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The No. 4 camshaft cap is "Y" drilled, forming an oil path connection between the front and
rear rocker arm shafts, to ensure complete lubrication. The oil passage within one rocker arm
cylinder set is shown. See Figure 1-52.

20054
1. Exhaust Rocker Arm Assembly 4. Rocker Arm Shaft
2. Fuel Injector Rocker Arm Assembly 5. Cylinder Head
3. Camshaft Cap 6. Intake Rocker Arm Assembly
Figure 1-52 Rocker Arm Assembly Lubrication Schematic

All infe J bject to change without notice.
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1.3.1 Repair or Replacement of Valve and Injector Operating Mechanism

To determine if repair is possible or replacement is necessary, perform the following procedure.
See Figure 1-53.

REMOVE
ROCKER ARM
SHAFT
ASSEMBLIES
CLEAN
ROCKER ARM
ASSEMBLY

l INSPECT ROCKER ARM
REMOVE SHAFT ASSEMBLY
ROCKER

ARMS FROM
SHAFT

SHAFT
SURFACE WEAR

NO

BUSHING

EXCESSIVE
CLEARANCE
BETWEEN PIN

NO

AND SCORING

PECIFICATIONS

AND ROLLER

REPLACE

REPLACE

REPLACE

INSPECT
CAMSHAFT

v

EXCESSIVE
CAMSHAFT
LOBE WEAR

REPLACE

REUSE REUSE REUSE

INSTALL

21691

Flowchart for Repair or Replacement of Valve and Injector

Figure 1-53
Operating Mechanism and Camshaft
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13.2 Removal of Rocker Arm Assembly

Perform the following steps for rocker arm assembly removal:

NOTE:
If unit is equipped with Jake brakes®, remove brake. Refer to section 1.29.2.

NOTE:
Jake Brakes® are not used on the Series 60G engine.

1. If necessary, steam clean the engine around the valve rocker cover and cylinder head
mating area.

2. Remove the valve rocker cover. Refer to section 1.6.2 (one-piece), refer to section 1.6.3(two
piece), and refer to section 1.6.5 (three-piece).

3. Remove the rocker arm shaft bolts (No. 2, 3, 4 or 5, 6, 7) and nuts (No. 1 or 8) that
retain the rocker arm shaft assembly to the cylinder head. See Figure 1-54for Series 60
diesel engine and see Figure 1-55for Series 60 gas engine. For camshaft or cylinder head
removal, both rocker arm shaft assemblies must be removed.

NOTE:
Whenever nuts No. 1 or 8 are loosened or removed, the torque on the corresponding
rocker shaft stud must be checked. Torque to 126—146 N-m (93-108 Ib-ft).

All information subject to change without notice.
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Figure 1-54 Rocker Arm Shaft Bolts and Nut Identification Numbers

27848

Figure 1-55 Rocker Arm Shaft Bolts and Nut Identification Numbers (Series
60G Engine)

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

1-72



SERIES 60 SERVICE MANUAL

4. Use rocker arm and shaft assembly removal tool, J 35996-A to remove the rocker arm
shafts, with rocker arm assemblies in place. See Figure 1-56.

NOTE:

Some engines may be equipped with ceramic injector rollers. Use extra caution while
removing and handling.

ROCKER ARM
SHAFT ASSEMBLY

24261

Figure 1-56

Rocker Arm Shaft Assembly Removal
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5. To replace the valve button or valve button retaining clip, the valve adjusting screw must
be removed from the rocker arm as follows:

NOTICE:

To avoid possible component damage, the valve button
retainer MUST NOT be expanded more than 15.5 mm
(0.610 in.). An adjusting screw is provided on the expander
tool to limit the amount of travel.

[a] Spread the retaining clip with expander and remove the button. See Figure 1-57.

VALVE
BUTTON

——

RETAINING
CLIP

20055

Figure 1-57 Valve Button Retainer Clip Removal and Installation

[b] Slide the retaining clip, open end first, down the adjusting screw. It is necessary
to spread the clip slightly so that the open end can pass over the ball head of the
adjusting screw.

[c] Insert the tips of the expander, J 36347, between the legs of the retaining clip and
expand the clip.

[d] Insert the groove on the valve button into the legs of the retaining clip.

[e] Remove the expander and hold the legs of the retainer with the thumb and index
finger.

[f1 Press the valve button towards the screw to seat both legs of the retainer completely
in the groove.

All information subject to change without notice.
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6. If further disassembly is necessary, slide the rockers off the shafts, marking or segregating
the parts so that they may be reinstalled in the same position from which they were
removed.

NOTE:

Front and rear rocker arm shaft sections look identical, but must not be reversed, and
must be installed as removed, due to bolt hole center line distances. The DDC logo is
stamped on the outboard end of each rocker shaft to ensure correct assembly and
installation. See Figure 1-58.

ROCKER ARM
SHAFT ASSEMBLY

DDC LOGO ON
OUTBOARD END

CUP PLUG ON
INBOARD END

20053

Figure 1-58 Rocker Arm Shaft Identification Mark

TRy
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1.3.2.1 Cleaning of Rocker Arm Assemblies

Clean the rocker arm assemblies as follows:

1. Remove the cup plug at one end of the rocker arm shafts to facilitate the removal of any
foreign material lodged behind the plug.

NOTICE:

Do not soak the rocker arms in solvent because this will remove
the lubricant from the cam follower roller bushings.

2. Clean the exterior of the rocker arms only.

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

3. Blow dry with compressed air.
4. Soak the rocker shaft in clean fuel oil.

5. Run a wire brush through the oil passage to remove any foreign material or sludge.

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

6. Clean the exterior of the shaft and blow out the passages and oil holes and dry with
compressed air. See Figure 1-58.

All information subject to change without notice.
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1.3.2.2 Inspection of Rocker Arm Assemblies and Camshaft Lobes

Prior to inspection:

1. Install new cup plugs with tool J 36326 until they are 1.0-1.3 mm (0.040-0.050 in.) below
the surface of the shaft. See Figure 1-58.

2. Remove all of the old gasket sealer from the joint face of the No. 1 and 7 camshaft bearing
caps and the cylinder head. Refer to "Gasket Eliminator Removal" in the "General
Information" section.

Inspect the rocker arm assemblies and camshaft lobes as follows:

1. Inspect the rocker arm shaft bushing surfaces and rocker arm bushing bores for wear or
scoring.

2. Check the cam follower rollers for scoring, pitting, or flat spots.
Check to be sure they turn freely on the roller pins.
[a] Clearance between the rollers and pins should not be more than 0.08 mm (0.003 in.).
[b] Replace as necessary.

4. Inspect the camshaft lobes and journals for scoring, pitting, or flat spots.

fa] If there is doubt as to the acceptability of the camshaft for further service, determine
the extent of camshaft lobe wear. Refer to section 1.23.3.1.

All information subject to change without notice.
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133

Installation of Rocker Arm Shaft Assembly

Perform the following for rocker arm shaft assembly installation:

1.

Make sure the cup plugs are properly installed to each end of the rocker arm shafts before
the shafts are installed to the engine. See Figure 1-50. Refer to section 1.3.2.2, step 1.

Check the torque on the rocker shaft studs to be sure they were not loosened when the nuts
were removed. Torque the studs to 101-116 N-m (75-86 Ib-ft).

Install the adjusting screws, valve buttons and clips to the rocker arm assemblies.
See Figure 1-50.

Install the rocker arm assemblies to the rocker arm shafts in their original positions. Use
the rocker arm identification marks to ensure correct component assembly. If the rocker
arm shaft does not have flats, decide on the position of the worn surfaces and rotate the
rocker shaft accordingly.

Using care to locate the valve buttons to their respective valve stems and injector followers,
install the rocker arm shaft assemblies to the cylinder head. See Figure 1-59.

20058

Figure 1-59 Rocker Arm Shaft Assembly Installation

6. If the rocker arm shafts do not have flats in the bolt hole locations, rocker shaft spacers

are required.

[a] If the rocker shafts do not have flats in the bolt hole locations, install the rocker
shaft spacers on the cap bolts and studs.

[b] If the rocker shafts do have flats in the bolt hole locations, rocker shaft spacers
are not required.

Al information subject to change without notice.
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7. Install the inboard camshaft cap bolts for each rocker arm assembly, through the rocker
arm shaft and camshaft cap and into the cylinder head.

8. Install the nuts to the No. 7 and 8 cap studs.

NOTE:

If new rocker arm components are installed, engine oil should be poured over the rocker
arms, rocker shaft, and camshatft as a pre-lubricant.

9. Tighten the rocker arm shaft nuts to 101-116 N-m (75-86 Ib-ft) torque using the sequence.
See Figure 1-60.

Fomrom) OOZOO -
o 1) /%g&@\g%ﬁg&@\g o

oY Q) 7o \'o oY)

7 1 2 5 6 3 4 8
(NUT) (NUT)
20237
Figure 1-60 Rocker Arm Shaft Retaining Bolt and Nut Tightening Sequence

10. Adjust the intake and exhaust valve clearances and set the injector heights.
Refer to section 12.2.

11. Install the valve rocker cover. Refer to section 1.6.8 (one-piece), refer to section 1.6.9
(two-piece), refer to section 1.6.9 (three-piece) for removal.

12. Install any other components that were removed for this procedure.

All information subject to change without notice.
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1.3 VALVE AND INJECTOR OPERATING MECHANISM

A CAUTION:

Diesel engine exhaust and some of its constituents are
known to the State of California to cause cancer, birth
defects, and other reproductive harm.
O Always start and operate an engine in a well ventilated
area.
O If operating an engine in an enclosed area, vent the
exhaust to the outside.
O Do not modify or tamper with the exhaust system or
emission control system.

13. Start the engine and check for leaks.
14. Shut down the engine when completed.

All information subject to change without notice.
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1.4 VALVES, SPRINGS, GUIDES, INSERTS, SEALS AND ROTATORS

Four valves per cylinder, two each intake and exhaust, give the Series 60 engine excellent
breathing and cooling characteristics. See Figure 1-61. :

© ©

O O
EXHAUST INTAKE
MANIFOLD MANIFOLD

\ O O
@,©

I - INTAKE
E - EXHAUST

20027

Figure 1-61 Intake and Exhaust Valve Arrangements

Valves are made of heat-treated alloys, with heads and stems precision ground. Stem ends are
hardened to minimize wear in contact with the valve rocker buttons.

Hard-alloy valve seat inserts, pressed into both intake and exhaust ports, can be replaced when
worn to restore new engine performance.

Al inf J bject to change without notice.
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14  VALVES, SPRINGS, GUIDES, INSERTS, SEALS AND ROTATORS

Valves are positioned and aligned by replaceable valve guides pressed into the cylinder head.
See Figure 1-62.

5
6
7
20028

1. Valve Guide 5. Valve Stem Oil Seal

2. Valve Spring Seat 6. Valve Spring

3. Valve Insert 7. Vaive Rotator

4. Valve 8. Valve Keepers
Figure 1-62 Valve Guide and Related Parts

Replacement guides are reamed to close tolerances, and do not require reaming after installation.

All valves are retained by valve rotator spring caps and two-piece tapered valve locks.

All information subject to change without notice.
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Valve stem oil seals, installed on both intake and exhaust valves, provide controlled valve stem
lubrication while limiting oil consumption.

NOTE:-

New valve seat inserts are pre-ground and only need to be checked for concentricity after
installation. Do not grind a new seat insert unless concentricity exceeds 0.05 mm (0.002
in.). Before grinding, be sure the valve guide is not excessively worn or bent, which could
cause an erroneous concentricity reading. If the firedeck has been resurfaced, the valves
will have to be seated deeper to restore the valve head recess depth to specification
limits. Do not grind seat inserts for this purpose. Reduced thickness inserts are available
that are 0.2540, 0.5080 and 0.7620 mm (0.010, 0.020 and 0.030 in.) shallower than
standard. When a reduced thickness valve seat insert is used, a correspondingly thicker
valve spring seat must be used. See Figure 1-63, and see Figure 1-64.

A LVE INTAKE VALVE SEAT INSERT

¥ SEGAS T \é (DIESEL)
21 31°

\——— I
_L N \ % \Z

6.858 mm (0.270 in.) L 7.257 mm(0.286n.) /}\45°

6.756 mm (0.266 in.) 7.207 mm (0.284 in.)

N

31°

A N

6.363 mm (0.250 in.) 45°
6.261 mm (0.246 in.)

EXHAUST VALVE SEAT INSERT
(DIESEL ONLY)

AN NF

6.060 mm (0.238 in. s 45°
5.958 mm (0.234 in.;

EXHAUST VALVE SEAT INSERT
(GAS ONLY)

20070

Figure 1-63 Standard Valve Seat Insert Thickness

All 1 subject to change without notice.
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1.4  VALVES, SPRINGS, GUIDES, INSERTS, SEALS AND ROTATORS

When servicing exhaust valves, determine which type of exhaust valve is contained in the engine.
If an exhaust valve must be replaced, use the same type that was removed. Do not mix exhaust
valve types within an engine. Both exhaust valves are available from service stock for this
purpose. Exhaust valve lash settings are affected by the type of exhaust valve that is contained
in the engine. The valve lash settings and injector timing height are listed on the valve rocker
cover. Refer to section 12.2.

MINIMUM VALVE STEM DIAMETER
— ¢—— 8.679 mm (0.3416 in.) (DIESEL INTAKE)

8.714 mm (0.3431 in.) (DIESEL EXHAUST)
8.725 mm (0.3435 in.) (GAS INTAKE)
8.712 mm (0.3430 In.) (GAS EXHAUST)

N\

S,
J

40611

Figure 1-64 Minimum Valve Stem Diameter

Two types of exhaust valves are used on Series 60 engines. Pre-1991 model engines use a
nickel-based alloy which can be identified by a forged "U" on the combustion face. 1991 model
and beyond engines use an austenitic based alloy which can be identified by a forged "H"

on the combustion face, and by a machined identification ring above the valve lock groove.

See Figure 1-65. The identification ring can be seen from the right side of the engine with rocker
cover removed.

Al information subject to change without notice.
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Series 60G exhaust valves for automotive engines are an inconnel based material. They are
marked with a "J" on the face of the valve and a "J6-E-5" and a green dot on the top of the stem of

the valve.

YELLOW PAINT
DAUB

"~

MACHINED
IDENTIFICATION

RING

WITH YELLOW PAINT DAUSS N\ ===
T LN T DA ! FORGED "H* IDENTIFICATION
(GAS ONLY) FOR AUSTENITIC BASED
o ST BSoS AT
FORGED *J* IDENTIFICATION
WITH GREEN PAINT DAUBS (DIESEL ONLY)
ON COMBUSTION FACE
(GAS ONLY) 24264
Figure 1-65 Exhaust Valve Identification
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1.4  VALVES, SPRINGS, GUIDES, INSERTS, SEALS AND ROTATORS

1.4.1 Repair or Replacement of Valves

To determine if repair is possible or replacement is necessary, perform the following procedure.

See Figure 1-66.

REMOVE
VALVES

l

CLEAN

VALVES INSPECT VALVES

FACE

[
i
| G
UTTERED, STEM BENT OR SEAT PITTED
{ BROKEN OR EXCESSIVELY OR EXCESSIVELY,
| BURNT WORN WORN I
| !
ORES  (2 R P4 B |
I |
REPLACE REPLACE | REPAIR :
: |
| [
| i
I |
VALVE SEAT |
| BELOW
| SPECIFICA-
I TIONS
| I
__________ |
REPLACE REUSE
, ! )
INSTALL

21692

Figure 1-66

Flowchart for Repair or Replacement of Valves

Al information subject to change without nofice.
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14.2 Removal and Cleaning of Valve Spring (Cylinder Head Installed)

Perform the following steps for valve spring removal:

1. Clean any dirt and debris from the valve rocker cover joint area around the top of the
cylinder head. Remove the valve rocker cover. Refer to section 1.6.2 (one-piece),
refer to section 1.6.3 (two-piece), refer to section 1.6.5 (three-piece).

2. If the engine has a Jake Brake®, remove the Jake Brake® housings that cover the rocker
arm and shaft assembly for the valve to be serviced refer to section 1.29.2.

3. Remove the rocker arm shaft assembly, refer to section 1.3.2.

4. Remove the injector from the appropriate cylinder. Refer to section 2.3.2.
NOTE:
Fuel must be removed from the cylinder head fuel galleries prior to removing the
injectors. Refer to section 2.3.2.

5. Bar the engine over until the cylinder is at top-dead-center (TDC).

6. Insert the threaded portion of the valve spring compressor, J 35580 into the threaded
inboard camshaft cap hole adjacent to the valve being worked on. See Figure 1-67.

J 35580

CAMSHAFT

20061

Figure 1-67 Installing Valve Spring Compressor

7. Position the spring compressor cage portion of the valve spring compressor directly over
the valve spring to be compressed. Engage the dowel of the cage in the closest slot of the

valve spring compressor handle.

All information subject to change without notice,
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NOTICE:
Do not contact the valve with the compressor tool.

8. Compress the valve spring and remove the valve locks using a small magnet to prevent the
locks from falling into the cylinder head oil return galleries.

9. Release the spring and remove the valve rotator and valve spring. If the valve stem oil seal
is to be replaced, remove the seal and discard it.

10. On the other three valves it may be necessary to repeat these steps for cylinders being
worked on. Refer to step 1and the following steps. Last, refer to step 9.

NOTE:

All valve spring or seal removal and replacement must be completed for each cylinder
being serviced while the piston is at top-dead-center, before turning the crankshaft to
work on another cylinder.

143 Removal and Cleaning of the Valve Spring (Cylinder Head
Removed)

With the cylinder head assembly removed from the engine, remove the valve springs as follows:

1. Bolt the engine overhaul stand adaptor, J 35635-A, to the engine overhaul stand, J 29109,
using the hardware provided with the adaptor. See Figure 1-68.

J 29109

J 39652

J 35635-1
20063

Figure 1-68 Engine Overhaul Stand

All inf tic bject to change without notice.
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Bolt the cylinder head adaptor plate, J 35636-A, to the cylinder head using the bolts

2.
provided with the adaptor. See Figure 1-68.
3. Mount the cylinder head and adaptor plate to the overhaul stand adaptor by engaging the
slots in the cylinder head adaptor plate to the dowels on the overhaul stand adaptor.
4. Install the six nut and bolt assemblies that secure the cylinder head adaptor plate to the
overhaul stand adaptor.
5. Remove the cylinder head lifting hardware.
Turn the crank of the engine overhaul stand to position the cylinder head in an upright
position.
7. Remove the valve locks using valve spring compressor, J 8062, with jaws, J 80623
installed, to compress each valve spring. See Figure 1-69.
J 8062-3
20064
Figure 1-69 Compressing Valve Spring
Release the spring and remove the valve, valve rotator and valve ‘spring.
9. Remove the valve stem oil seal and discard the seal.
10. Remove the valve spring seat.
11. As parts are removed, mark or segregate them according to their original position for

possible reuse.

All infe

bject to change without notice.
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1.4  VALVES, SPRINGS, GUIDES, INSERTS, SEALS AND ROTATORS

1.4.3.1 Cleaning of Valves and Related Parts

Clean the valves and parts as follows:

“ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

1. Using proper eye protection, clean all of the disassembled parts with fuel oil and dry
with compressed air. '

Clean the carbon from the valve stems and wash the valves with fuel oil.
Clean the valve guide bore to remove all gum and carbon deposits.
[a] For diesel engines; use bore brush, J 5437 (or equivalent) for this procedure.

[b] For natural gas engines; a cloth or soft nylon brush is recommended for this
procedure.

NOTE:
Do not use bore brush (wire) on natural gas powdered metal guides.

' All information subject to change without notice.
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14.4 Removal of Valve Guide

Perform the following steps for valve guide removal:

NOTE:
Valve guides are not replaceable on natural gas or heat exchanger-cooled pleasure

craft marine engines.

1. Assemble the valve guide remover, J 34696-B, to an air chisel. See Figure 1-70.

J 34696-

20066

Figure 1-70 Valve Guide Removal Tools

2. Position the cylinder head, firedeck side up, on a turn over stand or supported on 102 x
102 mm (4 x 4 in.) wooden blocks on a workbench.

All information subject to change without notice.
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3. Insert the tool into valve guide from the firedeck side of the cylinder head. See Figure 1-71.

J 34696 —

20068

Figure 1-71 Valve Guide Removal

4. Hold the tool vertical to the cylinder head and drive the valve guide until it is free of
the cylinder head.

5. Clean the valve guide bore with bore brush, J 5437 (or equivalent), to remove all gum
and carbon deposits.

All infc bject to change without notice.
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1.4.5 Removal of Intake and Exhaust Valve Seat Insert

As the intake and exhaust valve seats are different in size, two different tools are required for
removal. Use the cam-operated valve seat remover, J 23479-460A, with collet, J 23479-100-A,
to remove the larger intake valve seat insert. Use valve seat remover, J 23479-271, with collet
J23479-29 to remove the smaller exhaust valve seat insert. See Figure 1-72.

4
20072
1. Collet 4. Valve Seat Insert Puller
2. Knurled Knob 5. Collar
3. Spring 6. Collet Lever
Figure 1-72 Valve Seat Insert Removal Tools

Remove the intake and exhaust valve seats as follows:

1. Place the cylinder head in a horizontal position with the valve seats facing up.

NOTICE:

Follow instructions supplied with tools J 23479-460A,
J 23479-100, J 23479-271, and J 23479-29 to ensure longer
tool life and unnecessary collet damage.

2. Using a new valve seat insert as a guide, turn the knurled knob on the end of the shaft to
tighten and expand the collet until the valve seat insert will just slip off the collet. Refer to
instructions supplied with the valve seat remover tool for correct tool operation.

All information subject to change without notice.
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1.4.5.1 Inspection of Valve

The valve stems must be free from scratches or scuff marks, and, the valve faces must be free
from ridges or cracks. Some pitting of the valve face is normal, and is acceptable as long as no
leak paths are evident. If leak paths exist, reface the valves or install new valves. If the valve
heads are warped or the valve stem is bent, replace the valves.

If suitable for reuse, a valve may be refaced as long as the valve rim width, after refacing,

is not less than 2.0 mm (0.078 in.) for intake valves and 2.2 mm (0.086 in.) for exhaust
valves. Refer to section ADDITIONAL INFORMATION 1.A, for "Intake and Exhaust Valve"”
specifications which are listed in Table 1-36 and listed in Table 1-38. See Figure 1-73.

MINIMUM VALVE STEM DIAMETER
—P> ——— 8.679 mm (0.3416 in.) (DIESEL INTAKE)

8.714 mm (0.3431 in.) (DIESEL EXHAUST)
8.725 mm (0.3435 in.) (GAS INTAKE)
8.712 mm (0.3430 in.) (GAS EXHAUST)

N
J

AN

40611

Figure 1-73 Intake and Exhaust Valve Face Refacing and Rim Width

All infe ion subject to change without notice.
6SEA483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

1-94



SERIES 60 SERVICE MANUAL

1.4.5.2 Inspection of Valve Springs

Inspect the valve springs and replace any that are pitted or cracked. The entire spring should
be inspected. When a broken spring is replaced, the rotator and valve locks for that valve and
spring should also be replaced.

Use valve spring tester, J 22738-02, to test the springs. See Figure 1-74.

J 22738-02

Figure 1-74 Testing Valve Spring

If the spring load is less than 280 N (63 1b) at a compressed length of 67.25 mm (2.648 in.), the
spring should be replaced and the valve locks should be discarded.

1.4.5.3 Inspection of Valve Guides

Inspect the guides for cracks, chipping, scoring or excessive wear.

Measure the valve guide bore with a small hole gage or gage pin, and measure the valve stem
diameter with a micrometer. Compare the measurements to determine valve stem clearance. If the
clearance is greater than 0.152 mm (0.006 in.), the valve guide must be replaced.

1.4.5.4 Inspection of Valve Seat Inserts

Inspect valve seat inserts for wear, cracking or incorrect seat angle, which should be 31 degrees,
standard valve seat insert thickness. See Figure 1-63.

Al infe bject to change without notice.
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1.4.6 Installation of Intake and Exhaust Valve Seat Insert

Perform the following steps for intake and exhaust valve seat insert installation:

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

1. Clean the seat insert counterbores and the new seat inserts with a suitable solvent and
blow dry with compressed air.

2. Use valve seat insert installers, J 33190 (intake) and J 34983 (exhaust), to install new
inserts. See Figure 1-75.

J 34983
J 41822
EXHAUST VALVE (NATURAL GAS)
SEAT INSERT
J 33190

INTAKE VALVE

@‘/ SEAT INSERT
20073

Figure 1-75 Valve Seat Insert Installation Tools

All information subject to change without notice.
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3. Start the insert squarely into its counterbore with the seat facing up. See Figure 1-76.

2
3
1
\
40610
1. Seat 3. Cylinder Fire Deck
2. Valve Seat Insert
Figure 1-76 Valve Seat Iinsert Insertion

All infe i bject to change without notice.
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4. Pilot the installer into the valve guide from the firedeck surface. See Figure 1-77.

20075

Figure 1-77 Valve Seat Insert Installation

5. Drive the insert solidly into its seat in the cylinder head. See Figure 1-78.

CYLINDER HEAD

20076

Figure 1-78 Seating Valve Seat Insert

All ir i bject to ge without notice.
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6. Check the concentricity of valve seat with the valve guide using dial indicator, J 8165-2,
and pilot, J 35623-A. See Figure 1-79.

J 35623-A

J 8165-2

20077

Figure 1-79 Check Valve Seat Concentricity

[a] If the concentricity is within 0.05 mm (0.002 in.), no grinding is required.

All inf jon subject to change without nolice.
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[b] If the concentricity is not within 0.05 mm (0.002 in.), grind the seat only enough to
true it up, being sure to lightly grind a full 360 degrees.

NOTE:

Valve seat insert grinding should be limited to light clean-up or concentricity truing. For a
fine, accurate finish, the eccentric grinding method using tool J 7040-A is recommended,
because the grinding wheel contacts the insert at only one point at any time, and a
micrometer feed permits controlled fine adjustment. See Figure 1-80. Seats must be
ground to a 31 degree angle.

J 7040-A

20078

Figure 1-80 Grinding Valve Seat Insert

All information subject to change without notice.
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The valve head recess depth from the firedeck is increased by valve and/or insert grinding.

It should be checked with a sled gage, J 22273-01 (or equivalent). See Figure 1-81.

CYLINDER HEAD

J 22273-01

! VALVE

O.
DEPTH O/ D \o

1.397-1.803mm  DIESEL (BOTH INTAKE & EXHAUST)

(.055 - .071 in.
0.787-1.168mm  GAS INTAKE
(.031 - .046 in.)
0.914-1.346mm  GAS EXHAUST
(.036 - .053 in.)
20044
Figure 1-81 Measuring Valve Head Recess Depth

[a]

[b]

[c]

If the diesel intake exhaust valve head recess depth is not between 1.4 to 1.8 mm
(0.055-0.071 in.), the valve and seat must be replaced.

If the gas intake valve head recess depth is between 0.79 to 1.17 mm (0.031-0.046
in.), the valve and seat are correctly installed.

If the gas exhaust valve head recess depth is not between 0.976-1.4 mm (0.030-0.053
in.), the intake 0.79-1.17 mm (0.031 -0.046 in.) valve and seat must be replaced for
the Series 60G engine.

8. After light clean-up, thoroughly clean the valve seat with fuel oil and blow dry with
compressed air. Check seat-to-valve face contact by applying a light coat of Prussian Blue
(or equivalent) to the valve seat land. Insert the valve in the guide and "bounce" the valve
head on the seat insert without rotating the valve. A full 360° contact line should appear
approximately centered on the valve face.

i,

without noftice.
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1.4.7 Installation of Valve Guide

Perform the following steps for valve guide installation:

NOTE:
Valve guides are not replaceable on natural gas or heat exchanger-cooled pleasure -
craft marine engines.

1. Start the chamfered end of the valve guide into the cylinder head from the top.
See Figure 1-82.

CHAMFERED END

20068

Figure 1-82 Valve Guide Installation

Al inf i bject to change without notice.
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2. Insert the driver into an air chisel. Insert the driver into the valve guide limiting sleeve
J 33191-A and install this assembly over the valve guide. Drive the guide into the cylinder
head until the driver bottoms in the limiting sleeve. See Figure 1-83.

LIMITING
SLEEVE

20069

Figure 1-83 Valve Guide Installation

3. Properly used, the installer ensures the correct protrusion of the valve guide from the
cylinder head of 37.75 mm (1.486 in.).

All information subject to change without nolice.
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1.4.8 Installation of Valve, Spring, Seal and Rotator

Perform the following steps for valve installation:

1. Position the cylinder head vertically on the overhaul stand. Lubricate the valve stems with
clean engine lubricating oil and slide them into their respective valve guides and against
the valve seats. If reusing valves, install them to their original positions.

2. Install the valve spring seat over the valve guide. Install the valve stem oil seals using
valve stem oil seal installation tools. See Figure 1-84.

20079
1. Valve Stem Seal Instalier 4. Valve Guide
2. Oil Seal Protector Cap 5. Valve
3. Valve Spring Seat 6. Valve Stem Oil Seal
Figure 1-84 Valve Stem Oil Seal Installation Tools

All i bject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

1-104



SERIES 60 SERVICE MANUAL

3. Check the length of the plastic seal protector cap relative to the lock groove on the valve
stem. If the seal protector cap extends more than 1.6 mm (1/16 in.) beyond the groove,
trim off the excess length of the cap. See Figure 1-85.

VALVE STEM LOCK GROOVE

A

| |——— 1.5 mm (.0625 in.)

(
OlL 84.

PROTECTOR CAP

20080

Figure 1-85 Oil Seal Protection Cap Sizing

All information subject to change without notice.
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4. Install the cap over the valve stem. See Figure 1-86.

OIL SEAL
PROTECTOR CAP

20081

Figure 1-86 Oil Seal Protection Cap Installation

All bject to change without notice.
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NOTICE:

Ensure all valve spring seats have been installed before
the valve stem seal is installed.

5. The valve stem oil seal may be installed with or without oil. Push the seal over the
protector. See Figure 1-87.

NOTE:
The valve stem oil seal on the natural gas engine has a larger inside diameter than the
diesel engine. The seal portion of the natural gas oil seal is black in color.

VALVE STEM AR &
OlL SEAL -
)

20082

Figure 1-87 Valve Stem Oil Seal Installation
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6. Push the seal down on the valve stem using the seal installer, J 39109, while holding the
valve head against the seal. See Figure 1-88.

<

J 39109

—

20083

Figure 1-88 Valve Stem Oil Seal Installer

7. When the installer tool contacts the cylinder head, the seal is correctly positioned. Be
sure the installer is square against the cylinder head. Remove the seal installer and
protector cap.

All inf s bject to change without notice.
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8. Install the valve spring and rotator. See Figure 1-89. If reusing parts, install them to
their original positions. ‘

24270

1. Valve Locks 4. Valve Stem Oil Seal
2. Valve Rotator 5. Valve Guide

3. Valve Spring 6. Valve Spring Seat
Figure 1-89 Valve Spring and Related Parts

9. Using the valve spring compressor tool, J 8062, compress the valve spring only as much as
required to install the valve locks. After installing the valve locks, rap the end of the valve
stem sharply with a plastic mallet to seat the valve locks.

NOTE:
Always install new valve stem locks when installing valves.

NOTE:
Be sure the valve rotator is properly centered and aligned to avoid scoring the valve
stem. Do not compress the spring any more than necessary to install the locks, to avoid

damaging the oil seal.

All infc i bject to change without notice.
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10. After all of the valves are installed, check the spring opening pressure on each valve
using spring load gage. See Figure 1-90.

J 25076-B

Do —

20085

Figure 1-90 Checking Valve Spring Load

All information subject to change without notice.
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11.

12.

13.

14.
15.
16.
17.
18.

19.

20.

Note the gage reading when the valve just starts to unseat. The force required to unseat the
valve must not be less than 280 N (63 1b).

Remove the cylinder head from the overhaul stand and install it on the engine.
Refer to section 1.2.5.

Install the camshaft and rocker arm assemblies. Lightly lubricate the overhead assemblies
with clean engine oil. Refer to section 1.23.5.

If the engine is equipped with a Jake Brake®, install the brake. Refer to section 1.29.5.
Adjust the valve clearance and injector timing. Refer to section 12.2.

If the engine is equipped with a Jake Brake®, lash the brake. Refer to section 12.2.
Install any other components that were removed.

Fill the engine crankcase (refer to section 13.13.1) with the proper lubricant.
Refer to section 5.2.1.

Close any drain cocks that were opened and fill the cooling system. Refer to section 13.13.4.
Purge the air from the system using the vent in the thermostat housing. Complete filling of
the cooling system is essential for proper engine operation.

“ CAUTION:

Diesel engine exhaust and some of its constituents are
known to the State of California to cause cancer, birth
defects, and other reproductive harm.
00 Always start and operate an engine in a well ventilated
area.
O K operating an engine in an enclosed area, vent the
exhaust to the outside.
0O Do not modify or tamper with the exhaust system or
emission control system.

Start the engine and check for leaks.

All Information subject to change without notice.
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1.5 ENGINE LIFTER BRACKETS

A total of three engine lifter brackets are installed on each Series 60 engine and are utilized when
removing and replacing the engine.See Figure 1-91 and see Figure 1-92.

SPREADER BAR

20015

Figure 1-91 Lifting Engine

All information subject to change without notice.
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- SPREADER BAR

36159

Figure 1-92 Lifting Heat Exchanger-Cooled Pleasure Craft Marine Engine

All information subject to change without notice,
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1.5 ENGINE LIFTER BRACKETS

“ CAUTION:

To avoid injury from a falling engine, do not use the
front lifter bracket alone when lifting the engine with a
marine gear attached. The front engine lifter bracket
is designed to lift the engine only.

NOTICE:

To lift the engine, use a suitable lifting device. See Figure 1-91.

A spreader bar should be used with a sling and adequate chain
hoist when lifting any engine. The lifting device should be adjusted
so the lifting hooks are vertical to prevent bending the engine lift
brackets. To ensure proper weight distribution, all three engine

lift brackets provided must be used in lifting the engine. Be sure
the spreader bar is adequate to prevent lifter brackets from
contacting the engine rocker cover and causing damage.

A lifter bracket should always be reinstalled whenever removal is necessary. See Figure 1-93and
see Figure 1-94.

All information subject to change without notice.
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FRONT LIFTER
BRACKET

RIGHT REAR
LIFTER BRACKET

LEFT REAR
LIFTER BRACKET

TORQUE SPECIFICATION
101-126 N-m (75-93 Ib-ft) 20088

Figure 1-93 Engine Lifter Brackets

All ink i bject to change without nolice.
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35389

1. Left Front Lifter Bracket 3. Rear Lifter Bracket
2. Right Front Lifter Bracket

Figure 1-94 Pleasure Craft Marine Engine Lifter Brackets

All Information subject to change without notice.
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On some older installations, the front engine lifter bracket may be integral with the fan support
bracket. See Figure 1-95.

20089

Figure 1-95 Fan Support and Engine Lifter Bracket

All information subjact to change without notice.
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1.5 ENGINE LIFTER BRACKETS

1.5.1 Repair or Replacement of the Lifter Bracket

To determine if repair is possible or replacement is necessary, perform the following procedure.
See Figure 1-96.

REMOVE
BRACKET

|

CLEAN INSPECT LIFTER BRACKET
BRACKET -[

CRACKS,
BENDS OR
OTHER
DAMAGE

NO

REPLACE REUSE

INSTALL

21693

Figure 1-96 Flowchart for Repair or Replacement of Lifter Bracket

All information subject to change without notioe.
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1.5.2 Removal and Cleaning of Lifter Bracket

Perform the following steps for lifter bracket removal:
1. Remove the bolts securing the lifter bracket to the engine.

2. On applications with the integral fan support and engine lifter bracket, remove the fan.
Refer to section 1.10.2.

1.5.2.1 Inspection of Lifter Bracket

Perform the following for lifter bracket inspection:

“ CAUTION:

To avold Injury from a falling engine, do not use a damaged
lifter bracket when lifting the engine.

1. Inspect the lifter brackets for cracks, bending or other damage.
2. Replace the bracket if any of these conditions exist.

153 Installation of Lifter Bracket

Perform the following steps for lifter bracket installation:

1. Install the bracket to the engine. Torque the mounting bolts to 101-126 N-m
(75-93 1b-ft).

2. [Install the fan support, heat exchanger support, or charge air cooler support bracket,
refer to section 1.10.3.

All information subject to change without notice.
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1.6 ROCKER COVER

1.6 ROCKER COVER

The rocker cover completely encloses the valve and injector operating mechanism on top of the
cylinder head (and in some cases an engine brake), including the overhead camshaft.

Depending on the installation, the rocker cover may be a one-piece, two-piece or three-piece
design. See Figure 1-98, see Figure 1-99, and see Figure 1-100.

The one-piece rocker cover is molded of a sound-dampening, fiberglass-reinforced, synthetic
material. It is internally ribbed to distribute the hold-down bolt clamp load for effective, full
perimeter sealing. See Figure 1-97.

Effective July 1993, a breather baffle is installed on the low-profile aluminum rocker cover.

20090
1. Gasket 5. Cover Plug
2. Rocker Cover 6. Bolt
3. Isolator 7. Element
4, Washer 8. Clip
Figure 1-97 One-piece Rocker Cover - Series 60 Diesel Engine

All information subject to change without nofice.
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20091

1. Limiting Sleeve 5. Rocker Cover Cap
2. Isolator 6. Diamond-Shaped Seal
3. Washer 7. Rocker Cover Base
4. Bolt 8. Isolator Rim Seal
Figure 1-98 Two-piece Rocker Cover - Series 60 Diesel Engine

biect to o
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1.6 ROCKER COVER

35387
1. Cylinder Head 4. Bolt
2. Rocker Cover Base 5. Gasket
3. Rocker Cover Cap 6. Isolator Rim Seal
7. Ventilation Fitting
Figure 1-99 Three-piece Rocker Cover - (Heat Exchanger-Cooled Marine

Engine)

' All information subject to change without notice.
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27851
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1.6 ROCKER COVER

1. Gasket 8. Cover

2. Seal Ring 9. Bolt

3. Tube 10. Isofator

4. Seal Ring 11. Spacer

5. Screw 12. Rocker Cover Base
6. Cover ' 13. Gasket

7. Bolt

Figure 1-100 Two Piece Rocker Cover - Series 60G Engine with Coil Over
Plug Ignition

All fon subject to change without natice.
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The two-piece rocker cover is constructed of cast aluminum. The top piece or cap is held in place
by eight bolts and is removable for access to the valve, engine brake and fuel injector adjusting
mechanisms. A one-piece diamond shaped perimeter seal is located in a groove in the rocker
cover base and seals the cap to the base. See Figure 1-101.

20091

1. Limiting Sleeve 5. Rocker Cover Cap

2. lIsolator 6. Diamond-Shaped Seal
3. Washer 7. Rocker Cover Base
4. Bolt 8. Isolator Rim Seal

Figure 1-101 Two-piece Rocker Cover

All bject fo change without notice.
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1.6 ROCKER COVER

The three-piece rocker cover is similar to the two-piece cover but with an additional intermediate
cover and diamond seal and new cover cap. See Figure 1-102.

20092
1. Limiting Sleeve 6. Rocker Cover Cap
2. lIsolator 7. Bolt
3. Washer 8.. Intermediate Cover
4. Bolt 9. Rocker Cover Base
5. Boit

Figure 1-102 Three-piece Rocker Cover

‘Two caps are available with the Series 60 diesel engines. One is for use with a Jake Brake®, and
one without a Jake Brake®,

Only one cap is available with the Series 60G engines.

The rocker cover base is attached to the cylinder head using ten assemblies consisting of a bolt,
limiter sleeve, isolator and flat washer. All rocker covers use a silicone rim seal, seated in a
groove around the bottom edge of the rocker cover base to provide an effective oil seal. The
one-piece and two-piece design rocker covers incorporate a crankcase ventilation breather outlet.
The three-piece design and the Series 60G cap incorporate a combination filler/breather at the
camshaft cover (gear case cover) position.

All information subject to change without notice.
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1.6.1

Repair or Replacement of Rocker Cover

To determine if repair is possible or replacement is necessary, perform the following procedure.

See Figure 1-103.

REMOVE
ROCKER
COVER(S)

CUTS,
SPLITS, EXCESSIV
COMPRESSION

SET

REPLACE

'

CLEAN
ROCKER
COVER(S)

CRACKS,
WARPAGE OR
OTHER
DAMAGE

REPLACE

INSPECT GASKET
|
|
|
NO |
|
|
|

REUSE

INSPECT ROCKER

COVER(S)
|
v !
|
NO |
!
|
|
\
REUSE

\

INSTALL

21694

Figure 1-103

Flowchart for Repair or Replacement of Rocker Cover
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Al information subj
G6SE483 0010

without notice.

Copyright © 2000 DETROIT DIESEL CORPORATION

1-127



16

ROCKER COVER

1.6.2

Removal and Cleaning of One-piece Rocker Cover For Diesel
Engines Only

Preclean the rocker cover, especially around its seat on the head, and in the attaching bolt recesses,
to keep dirt and debris out of the valve gear chamber.

Perform the following steps to remove the one-piece rocker cover:

1.
2.

Remove the center plugs, hold-down bolts, washers and isolators.

Lift the rocker cover straight up off the engine.

1.6.2.1 Cleaning and Inspection of the One-piece Rocker Cover For

Diesel Engines Only

Inspect the rocker cover as follows:

1.
2.

A O

Remove the breather element and retainer clip.

Wash the components in clean fuel oil.

“ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

Blow dry with compressed air.
Clean the breather recess in the rocker cover.
Check for damage. Replace as necessary.

Reinstall the breather element and retainer clip.

ge without notice.
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1.6.3 Removal and Cleaning of Two-piece Rocker Cover For Diesel
Engines Only

Preclean the two piece rocker cover, especially around its seat on the head, and in the attaching
bolt recesses, to keep dirt and debris out of the valve gear chamber.

Perform the following steps to remove the two-piece rocker cover:
1. Remove the eight screws that attach the rocker cover cap to the base.
2. Lift the cap off the base.

3. Loosen and remove the ten bolt and isolator assemblies that attach the base to the cylinder
head.

4. Lift the base straight up off the cylinder head.
1.6.3.1 Inspection of Two-piece Rocker Cover

Perform the following steps to inspect the two-piece valve rocker cover which has a removable
breather housing:

1. Remove the three screws and retainer that retains the breather housing.
2. Remove the breather housing, seal, and wire mesh element.

3. Wash the components in clean fuel oil.

a CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

4. Blow dry with compressed air.

Al infe ! bject to change without notice.
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1.6 ROCKER COVER

5. Reassemble breather housing to valve cover cap. See Figure 1-104. Torque the screws to
2.5 N'm (22 Ib-in.).

. _’: £ .-..:_ >
; (@) ;B

ONE-PIECE
ROCKER COVER CAP

TWO-PIECE LOW PROFILE
ROCKER COVER CAP
TWO-PIECE
ROCKER COVER CAP 20093
1. Two-Piece Rocker Cover 6. Retainer
2. Retainer Clip 7. Two-piece Low Profile Rocker Cover Cap
3. Wire Mesh Element 8. Seal
4. Screw 9. Breather Housing
5. Retainer Cover

Figure 1-104 Two-piece Rocker Cover Assembly

All information subject to change without notice.
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1.6.4 Removal and Precleaning of Two-Piece Rocker Cover-Gas Engines
with Coil Over Plug Ignition System Only

Preclean the rocker cover, especially around its base on the cylinder head and in the attaching bolt
recesses to keep dirt and debris out of the valve gear chamber.

To remove the two-piece rocker cover:
1. Remove the ignition boots from the spark plug wells. Refer to section 15.3.1.
2. Lift the cap off the base leaving the six:extensions tubes in the cylindér head.

3. Blow any excess oil from the outside of the extension tube so that the oil will not enter the
spark plug well when the extensions tubes aré removed. ’

Pull the six extension tubes from the cylinder head.

5. Loosen and remove the ten boltllsolator assemblies that attach the base to the cyhnder
head.

6. Lift the base straight up off the cylinder head.
1.6.5 Removal and Cleaning of Three-piece Rocker Cover

Preclean the three-piece rocker cover, especially around its seat on the head, and in the attaching
bolt recesses, to keep dirt and debris out of the valve gear chamber.

Perform the following steps to remove the three-piece rocker cover:

1. Remove the eight screws that attach the rocker cover cap to the intermediate cover.
See Figure 1-102. '

Lift the cap off the intermediate cover. ‘
Loosen and remove the eight bolts that attach the intermediate rail to the base.

Lift intermediate off the base.

wokh wN

Loosen and remove the ten bolt/isolator assemblies that attach the base to the cylinder
head.

6. Lift the base straight up off the cylinder head.

All information subject to change without notice.
6SEA483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

1131



1.6 ROCKER COVER

Before inspecﬁng the rocker cover, clean the isolators as follows:"

NOTICE:

To avoid damaging isolators, do not use solvents of any kind,
or any petroleum distillates to clean them. The isolators can
be cleaned with mild soap and water if necessary. Install
new seals and isolators clean and dry.

1. Wash isolators with mild soap and water.

a‘ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

2. Be sure to completely dry seal grooves in the rocker cover with compressed air.
3. Use new seals (do not reuse old seals).

1.6.5.1 Ilnspe_ction of Three-piece Rocker Cover

Inspect the three-piece valve cover as follows:

1. Wash the components in clean fuel oil.

“ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
| and do not exceed 40 psi (276 kPa) air pressure.

2. Blow dry with compressed air.
3. Clean the breather recess in the rocker cover.

4. Check for damage. Replace as necessary. -

. All inf i bject to change without notice.
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1.6.6 Disassembly of Rocker Cover

Disassemble the rocker cover as follows:

1. Disengage the clip that holds the crankcase vent breather element in the valve cover by
pressing the center of the spring steel retaining clip outward and removing the straight end.

2. Rotate the clip upward to remove the curved end.

Remove the wire mesh element.
1.6.7 Pre-installation of Rocker Cover

Preform the following steps prior to installing the rocker cover:

1. Install the rocker cover seal in corners of the camshaft cap section (arch at each end
of the valve cover) first.

NOTE:
Be sure the rocker cover grooves and the seals are clean, free of oil and dry.

2. Install the cam cap section, starting in the center, by pushing the seal into the groove at the
top of the arch. Then install each section at its halfway point. Seat the seal completely
around the arch. Be sure the corners are still firmly seated after the arch is completed.
They should present a square corner parallel to the rocker cover rail. Repeat this procedure
for the cam cap section on the other end. See Figure 1-105.

STEP 4

Figure 1-105 Rocker Cover Gasket Installation

All information subject to change without notice.
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3. Install the long runs of the gasket starting in the center, by pushing the seal into the groove.

4. Then install the rail portion at each halfway point. Repeat this procedure for the other rail
portion. Make sure the seal is completely seated all the way around the valve cover.

NOTE:
The corners must be cleaned prior to RTV installation for best results.

5. Apply a small 4.75 mm (3/16 in.) fillet of RTV in the corners formed by the rear camshaft
cap and the head, where the cover seal contacts. Repeat this procedure for the corners
formed by the front camshaft cap and the head. See Figure 1-106.

20095

Figure 1-106 RTV Installation

All information subject to change without notice.
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1.6.8 Installation of One-Piece Rocker Cover

Perform the following steps to install a one-piece rocker cover:
1. Position the rocker cover on the cylinder head.

2. Install the two bolts, with isolators and washers installed, into their recesses in the
one-piece rocker cover.

bt

Torque the two bolts, starting with the center bolts and working out, to 20-25 N-m
(15-18 1Ib-ft).

4. Press the two protective plugs into the two center holes until they are firmly seated.

g

Install any other components that were removed for their procedure.

“ CAUTION:

Diesel engine exhaust and some of its constituents are
known to the State of California to cause cancer, birth
defects, and other reproductive harm.
0 Always start and operate an engine in a well ventilated
area.
O If operating an engine in an enclosed area, vent the
exhaust to the outside.
0 Do not modify or tamper with the exhaust system or
emission control system.

6. Start the engine and check for leaks.

All information subject to change without notice.
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1.6.9 Installation of Two-Piece and Three-Piece Rocker Covers

Perform the following steps to install a two or three-piece rocker cover:
1. Position the rocker cover base on the cylinder head.

2. Lubricate the valve cover limiting sleeves with clean silicone spray. Insert the sleeves into
the isolators until the end of the sleeve is flush with the isolator. See Figure 1-107.

INSTALL SLEEVE
UNTIL END IS FLUSH
WITH ISOLATOR

11—
1

FORMER (PRE 1996) CURRENT 20096

1. Limiting Sleeve 3. Bolt
2. lisolator 4. Flat Washer

Figure 1-107 Rocker Cover Base Hold Down Hardware

All inf { bject to change without notice.
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3. Install the hold-down bolts, with washers installed, to the 1imitin§ sleeves.

4. Install the hold-down assemblies to the rocker cover base, and thread the bolts two to three
threads into the cylinder head.

NOTE:
Use care when tightening the rocker cover base hold-down bolts that the injector wires
do not get caught between the limiting sleeve and the cylinder head. See Figure 1-108.

Y
—
o

=, ;—; DO NOT ALLOW WIRES TO

GET CAUGHT UNDER
ROCKER COVER
SEAL OR BOLTS

. ) l
.) s — @ L J L. ,' . .____\ef) o
N e i e - —- )
- T UBR 7 _ 20097
Figure 1-108 Rocker Cover Base Hold-down Bolt Installation

All information subject to change without nolice.
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1.6 ROCKER COVER

5. Torque the ten rocker cover base hold-dowh bolts to 30-38 N-m (22-28 1b-ft).
See Figure 1-109.

NOTE:
Torque the bolts in two stages, using half-torque values first.

.

20098

Figure 1-109 Rocker Cover Base Bolt Tightening Sequence

6. Be sure the groove in the top of the rocker cover base, and its mating, diamond-shaped
seal are clean and dry. Install the diamond-shaped seal to the groove by pressing the seal
into the groove. Use care not to stretch or twist the seal. The seal has a definite shape, and
should be installed exactly as removed from the base. If the seal cannot be installed to its
groove without bunching or looping, the seal is stretched and must be replaced. The same
procedure applies to the intermediate cover diamond seal installation.

. All infc i bject to change without nofice.
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7. Install the rocker cover cap to the base. Install the eight screws that attach the cap to the
base, and torque to 22-25 N-m (16-18 1b-ft) using the torque sequence. See Figure 1-110.
Tighten the bolts in two stages, using half-torque value first. The same procedure applies.
to the intermediate cover installation.

FRONT

20099

Figure 1-110 Rocker Cover Bolt Tightening Sequence

8. Install any other parts that were removed for this procedure.

9. Refer to section 1.6.8 for the exhaust caution before preceeding. Start the engine and
check for leaks. Shutdown engine after checking for leaks. -

All on subject to change without notice. ’ '
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'1.6.10 Installation of the Two-Piece Rocker Cover Cap - Diesel Engines

Only

Install the two-piece rocker cover as follows:

1.

Be sure the groove in the bottom of the rocker cover base, and its mating, diamond-shaped
seal are clean and dry. Install the diamond-shaped seal to the groove by pressing the seal
into the groove. Use care not to stretch or twist the seal. The seal has a definite shape, and
should be installed exactly as removed from the base. If the seal cannot be installed to its
groove without bunching or looping, the seal is stretched and must be replaced. The same
procedure applies to the intermediate cover diamond seal installation.

Install the rocker cover cap to the base. Install the eight bolts that attach the cap to the
base, and torque to 22-25 N-m (16-18 lb-ft) using the torque sequence. See Figure 1-111.
Tighten the bolts in two stages, using half-torque value first. The same procedure applies
to the intermediate cover installation.

FRONT

WA

27852

Figure 1-111 Rocker Cover Bolt Cap Tightening Sequence

3.

Install any other parts that were removed for this procedure.’

4. Refer to section 1.6.8 for the exhaust caution before preceeding. Start the engine and

“check for leaks. Refer to section 11.8.

All information subject to change without notice.
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1.6.11

Installation of the Two-Piece Rocker Cover Cap (Gas Engines with
Coil Over Plug Ignition System Only)

Install the two-piece rocker cover cap as follows:

B
2.
3.

10.

Clean any oil or dirt from the spark plug wells.
Insert the six extension tubes with O-rings in the cylinder head.

Orient the extension tubes so that twelve threaded holes are in a straight line. This will
allow the coil mounting bolts to engage these holes after the rocker cover cap is installed.

Place the rocker cover cap on base without disturbing the extension tube seals. Loosely
install the eight bolts that attach the cap to the base.

Insert the coils into the spark plug wells. Engage the coil mounting bolts into the extension
tubes. Torque the bolts 13-16 N-m (10-12 1b-ft).

Torque the eight rocker cover cap mounting bolts to 22-25 N-m (16-18 1b-ft).
Install the remaining ignition system parts. Refer to section 15.2.

Apply antiseize compound to the coil cover mounting screw holes to aid removal of
these parts in the future.

Install any other parts that were removed for this procedure.

Refer to section 1.6.8 for the exhaust caution before preceeding. Start the engine and
check for leaks. Refer to section 11.8.

All information subject to change without notice.
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1.7 CRANKSHAFT

The crankshaft is a one-piece forging of chrome-alloy steel, heat-treated to ensure strength and
durability. See Figure 1-112.

NOTE:
The natural gas crankshaft has machined counter weights to allow for shorter rods.

LUBRICATION

OIL HOLE

REAR MAIN
BEARING
JOURNAL

CONNECTING
ROD JOURNAL

20100

Figure 1-112 Crankshaft

The main and connecting rod bearing journal surfaces and fillets are induction hardened.

Complete static and dynamic balance of the crankshaft has been achieved by counterweights
incorporated in the crankshaft.

Current crankshafts may have a six-bolt or twelve-bolt mounting pattern on the front.

All information subject to-change without notice.
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The crankshaft end play is controlled by thrust washers located at the No. 6 main bearing cap
and saddle of the engine. See Figure 1-113.

FORMER DESIGN CURRENT DESIGN 20101
1. Upper Thrust Washer (2) 5. Dowel
2. Upper No. 6 Bearing Shell 6. No. 6 Main Bearing Cap
3. Lower Bearing Shell (No. 1 through 7) 7. Main Bearing Cap Bolt

4. Lower Thrust Washer (former design only)

Figure 1-113 Crankshaft Thrust Bearing Detail

The current design makes use of thrust washers in the upper positions only.

Oversize thrust washers are available to correct for excessive end play.

All information subject to change without notice. )
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On some engines, the No. 6 main bearing cap is indexed to the cylinder block by two slots in the
cap which register with dowels in the cylinder block. See Figure 1-114.

NO. 6 MAIN
BEARING CAP

=3 - ey
INDEXING TN e;J
DOWELS M

20102

Figure 1-114 Former No. 6 Main Bearing Cap

The current design does not use the indexing dowels. See Figure 1-115.

NO. 6 MAIN BEARING CAP

~

_ sLot

20103

Figure 1-115 Current No. 6 Main Bearing Cap
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Full pressure lubrication to all connecting rod and main bearings is pfovided by drilled passages
within the crankshaft and cylinder block. See Figure 1-116. '

. MAIN JOURNAL
125 mm (4.921in.)

2) At
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: N HIN
ROD JOURNAL
-— 85 mm (3.346 in.)
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20104

Figure 1-116 Crankshaft Lubricating Oil Holes

Six or twelve tapped holes, equally spaced, are provided on the rear butt fof attaching the flywheel.
There are six or twelve equally spaced tapped holes on the front butt of the crankshaft for attaching -
the crankshaft pulley and vibration damper. No locating dowels are provided at either end.

Each standard main bearing journal is 125.000-124.968 mm (4.921-4.920 in.) in diameter and
each standard connecting rod journal is 85.000-84.975 mm (3.346-3.345 in.) in diameter.

All informati bject to change without notice.
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New crankshafts with smaller radii fillets (listed in Table 1-2) replaced the former crankshafts,
effective with the following engine serial numbers:

Engine Model Engine Serial Number
6067WK60 (11.1 L) 6R184522
8067GK60 (12.7 L) ' 6R188251

Table 1-2 New Crankshafts with Smaller Radii Fillets

This change was made to permit installation of new, wider connecting rod bearings that increase
rod bearing oil film thickness and reduce bearing pressures. The fillets on the new crankshafts
have a radius of 4.0-3.5 mm (0.157 -0.138 in.). The fillets on the former crankshafts had a
radius of 6.0-5.5 mm (0.236 -0.216 in.). To conform with this change, new connecting rods
with smaller rod chamfers were also released. Refer to section 1.19for information on the new
connecting rods and bearings.

The new crankshafts, bearings, and connecting rods must be used together to ensure
interchangeability. Former parts cannot be mixed with new parts in the same engine. The former
crankshafts will no longer be available. ‘

Al information subject to change without notice.
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1.7.1 Repair or Replacement of Crankshaft

To determine if repair is possible or replacement is necessary, perform the following procedure.
See Figure 1-117.
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I |
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I |
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RUNOUT |
' EXCEEDS YES |
{ SPECIFICATIONS |

|
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R (. N L e ] L —

REPLACE REUSE REPAIR
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Figure 1-117 Flowchart for Repair or Replacement of Crankshaft
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1.7.2

Removal and Cleaning of Crankshaft

When removal of the crankshaft becomes necessary, first remove the transmission, then proceed
as follows:

1.
2.
3.
4. Attach suitable chain hoist and spreader bar with hooks to the three lifter brackets (one at

© ® N o

10.

12.
13.

14.

Steam clean the exterior of the engine. Refer to section 1.1.3.
Drain the cooling system. Refer to section 13.13.4.

Drain the lubricating oil. Refer to section 13.13.1.

the front and two at the rear). Remove all engine to base attaching bolts and remove the
engine from its base. Refer to section 1.1.2. See Figure 1-5.

A CAUTION:

To avoid injury from a falling engine, ensure the engine
is securely attached to the engine overhaul stand

before releasing the lifting sling.

Remove and inspect all of the accessories and assemblies with their attaching parts as
necessary to permit the engine block adaptor, to be bolted to the intake (left) side of the
cylinder block. Mount the engine to the overhaul stand, J 29109 with adaptor, J 35635-A
attached. Refer to section 1.1.2.

Remove the oil pan, refer to section 3.11.2.

Inspect the oil pan, refer to section 3.11.3.1.

Remove the lubricating oil pump, refer to section 3.2.2.
Inspect the lubricating oil pump, refer to section 3.2.3.1.
Remove the flywheel, refer to section 1.14.2.

Inspect the flywheel, refer to section 1.14.2.1.

Remove flywheel housing, refer to section 1.16.2.

Inspect the flywheel housing, refer to section 1.16.2.1.

NOTICE:

Use care when removing the crankshaft pulley as the vibration
damper may come off. If the damper is allowed to fall, damage
to the internal components of the damper may result.

Loosen and remove two of the crankshaft pulley retaining bolts and hardened washers
180 degrees apart and install two flywheel guide studs, J 36235, in their place. Then
loosen and remove the remaining four pulley retaining bolts and hardened washers.
Refer to section 1.13.2.

All infe i bject to change without notice.
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15.

16.

17.
18.
19.

Remove and inspect the viscous vibration damper. Refer to section 1.12.2, and
refer to section 1.12.2.1, for inspection.

Remove and inspect the engine front support and gear case cover. Refer to section 1.10.2,
for temoval and refer to section 1.10.2.1, for inspection.

Remove the cylinder head, refer to section 1.2.2.
Inspect the cylinder head, refer to section 1.2.3.1.

Loosen and remove the main bearing cap bolts. Remove the main bearing caps for
inspection. Refer to section 1.9.2.

NOTE:

The connecting rod caps must be reinstalled to their respective connecting rods. The
main bearing caps should be kept in sequence, so that they may be installed to their
original positions.

20.

21.

22,

23.

24.

Remove and inspect the piston and connecting rod assemblies. Refer to section 1.18.2
for removal and refer to section 1.18.3.1.

Remove and inspect the thrust washers from each side of the No. 6 main bearing cap, if
they exist. (Engines with a serial number greater than 6R-6287 do not have thrust washers
on the No. 6 main bearing cap.) Refer to section 1.9.2.2 for inspection.

Remove and inspect the crankshaft, including the crankshaft gear and timing wheel.
Refer to section 1.7.2and refer to section 1.7.2.1.

Remove the timing gear and timing wheel, refer to section 1.21.2and inspect it,
refer to section 1.21.3.

Remove the Woodruff key from the slot in the front crankshaft hub.

1.7.2.1 Inspection of Crankshaft

Perform the following steps for crankshaft inspection:

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)

and do not exceed 40 psi (276 kPa) air pressure.

Clean out the oil passages thoroughly with a stiff wire brush. Clean the crankshaft with
fuel oil and dry it with compressed air.

Inspect the crankshaft timing gear keyway for evidence of cracks or wear. Replace the
crankshaft if these conditions are evident.

If the crankshaft shows evidence of excessive overheating, replace the crankshaft since the
heat treatment has probably been destroyed.

All information subject to change without notice.
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4. Check the crankshaft journal surfaces for score marks and other imperfections. If
excessively scored, the journal surfaces must be reground. Refer to section ADDITIONAL
INFORMATION 1.A, "Main and Connecting Rod Journals".

5. Carefully, inspect the front and rear end of the crankshaft in the area of the oil seal contact
surface for evidence of a rough or grooved condition. Any imperfections of the oil seal’
contact surfaces will result in oil leakage at these points. ‘

6. If the crankshaft oil seal contact surfaces are grooved, the seal surfaces must be sleeved
and an oversized seal used. Refer to section 1.8.2.

7. Check the crankshaft thrust surfaces for excessive wear or grooving. If excessively worn,
the thrust surfaces must be reground. Refer to section ADDITIONAL INFORMATION
1.A, "Machining Operations".

8. Check the crankshaft timing gear for worn or chipped teeth. Inspect the timing wheel for
bent or otherwise damaged teeth. Replace as necessary. Refer to section 1.27.2.1.

9. Check the crankshaft journal run-out. Refer to section 1.7.2.4.

10. Check the journal alignment. Refer to section 1.7.2.3.

11. Check the journal measurements. Refer to section 1.7.2.4.

12. Inspect the crankshaft for cracks. Refer to section 1.7.2.1.
1.7.2.2 Crankshaft Journal Run-out Measurements

Support the crankshaft on its front and rear journals on V-blocks or the inverted engine block
with only the front and rear upper bearing shells in place. Check the intermediate main journals
with a dial indicator for run-out when the crankshaft is rotated.

When checking the crankshaft bow, if the run-out is greater than that listed in Table 1-3, the
crankshaft must be replaced.

Journals Supported On Journals Measured Maximum Run-out (Total
Indicator Reading)
No. 1 and No. 7 No. 2 and No. 6 0.076 mm (0.003 in.)
No. 1 and No. 7 No. 3 and No. § 0.127 mm (0.005 in.)
No. 1 and No. 7 No. 4 0.152 mm (0.006 in.)

Table 1-3 Crankshaft Bow

Al informa ubject to change without notice.
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1.7.23 Adjacent Journal Alignment

When run-out on the adjacent journals is in opposite directions, the sum must not exceed 0.076
mm (0.003 in.) total indicator reading. When the high spots of run-out on the adjacent journals are
in the same direction, the difference must not exceed 0.076 mm (0.003 in.) total indicator reading.

1.7.24 Journal Diameter Measurements

Measure all of the main and connecting rod bearing journal diameters. See Figure 1-118.

MAIN
JOURNAL JOE‘J(F)!R AL

125.000 mm (4.921 in
124.968 mm (4.920 in

3

85.000 mm (3.346 in.
84.963 mm (3.345 in.;
49.53 mm (1.950 in. N 55.85 mm 2199m
4945mm§1 947|n; |' 'I I' 55.76 mm 2195|ng
20105
Figure 1-118 Dimensions of Crankshaft Journals

Measure the journals at several places on the circumference so that taper, out-of-round and
bearing clearances can be determined. If the crankshaft is worn so that the maximum connecting
rod or main bearing journal-to-bearing shell clearance (with new shells) exceeds 0.1270 mm
(0.005 in.) (connecting rod journals) or 0.1422 mm (0.0056 in.) (main bearing journals), the
crankshaft must be reground. Measurements of the crankshaft should be accurate to the nearest
0.0025 mm (0.0001 in.). Also, if the main bearing journal taper of a used crankshaft exceeds
0.0381 mm (0.0015 in.) or the out-of-round is greater than 0.0254 mm (0.001 in.) the crankshaft
must be reground. Specifications for the crankshaft are listed in Table 1-21.

All information subject to change without notice.
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Also, measure the distance between crankshaft thrust washer surfaces. See Figure 1-119.

U

. g—— 49.45 -49.55 mm
(1.947 - 1.950 in.)

20106

Figure 1-119 Dimensions for No. 6 Main Bearing Journal Thrust Width

1.7.25 Inspection for Cracks

Carefully check the crankshaft for cracks which start at an oil hole and follow the journal surface
at an angle of 45 degrees to the axis. Any crankshaft with such cracks must be replaced. Several
methods of determining the presence of minute cracks not visible to the eye are available:

refer to section 1.7.2.6, for magnetic particle method, refer to section 1.7.2.7, for fluorescent
magnetic particle method, or refer to section 1.7.2.8, for fluorescent penetrant method.

All information subject to change without notice.
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1.7.26 Magnetic Particle Method

Magnetize the crankshaft and then cover it with a fine magnetic powder or solution. The
crankshaft must be demagnetized after the test to avoid engine damage.

NOTICE:

Very fine cracks may be missed using the magnetic particle
method, especially on discolored or dark surfaces. They will be
disclosed under the black light. If the crankshaft is discolored or
has dark surfaces, the magnetic particle method should not be
used. Refer to section 1.7.2.7 for suitable alternate method.

Flaws, such as cracks, form a small local magnet which causes the magnetic particles in the
powder or solution to gather there, effectively marking the crack.

1.7.2.7 Fluorescent Magnetic Particle Method

This method is similar to the magnetic particle method, but is more sensitive since it employs
magnetic particles which are fluorescent and glow under black light. Refer to section 1.7.2.6.

1.7.2.8 Fluorescent Penetrant Method

This is a method which may be used on both non-magnetic and magnetic materials. A highly
fluorescent liquid penetrant is applied to the part. Then the excess penetrant is removed from
the surface and the part is dried. A developing powder is then applied which helps to draw the
penetrant out of the flaws by capillary action. Inspection is carried out under a black light.

A majority of indications revealed by the above inspection methods are normal and harmless and
only in a small percentage of cases is reliability of the part impaired when indications are found.
Since inspection reveals the harmless indications with the same intensity as the harmful ones,
detection of the indications is but a first step in the procedure. Interpretation of the indications
is the most important step.

All crankshafts are magnetic particle inspected after manufacture to ensure against any shafts with
harmful indications getting into the original equipment or factory parts stock.

Crankshaft failures are rare and when one cracks or breaks completely, it is very important to
make a thorough inspection for contributory factors. Unless abnormal conditions are discovered .
and corrected, there will be a repetition of the failure. :

. ion subject to change without notice.
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1.7 CRANKSHAFT

There are two types of loads imposed on a crankshaft in service: a bending force and a twisting
force. The design of the shaft is such that these forces produce practically no stress over most
of the surface. Certain small areas, designated as critical areas, sustain most of the load.

See Figure 1-120.

20107

Figure 1-120 Critical Crankshaft Loading Zones

1.7.29 Bending Fatigue

Failures can result from bending of the crankshaft.

The crankshaft is supported between each of the cylinders by a main bearing and the load
imposed by the gas pressure on top of the piston is divided between the adjacent bearings. An
abnormal bending stress in the crankshaft, particularly in the crank fillet, may be a result of
misalignment of the main bearing bores, improperly fitted bearings, bearing failures, a loose or
broken bearing cap, or unbalanced pulleys. Also, drive belts which are too tight will impose a
bending load upon the crankshaft.

Failures resulting from bending start at the pin fillet and progress throughout the crank cheek,
sometimes extending into the main journal fillet. If main bearings are replaced due to one or more
badly damaged bearings, a careful inspection must be made to determine if any cracks have started
in the crankshaft. These cracks are most likely to occur on either side of the damaged bearing.

All information subject to change without notice.
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1.7.2.10 Torsional Fatigue

Failures result from torsional vibration which takes place at high frequency. A combination of
abnormal speed and load conditions may cause the twisting forces to set up a vibration, referred to
as torsional vibration, which imposes high stresses at the locations. See Figure 1-121.

FATIGUE
{r\ CRACKS
-
©
L
FATIGUE
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Figure 1-121 Crankshaft Fatigue Cracks

Torsional stresses may produce a fracture in either the connecting rod journal or the crank cheek
in the rear. Torsional failures may also occur at the front end of the crankshaft at the crankshaft
timing gear drive key slot. Connecting rod journal failures are usually at the fillet or oil hole at
45 degrees to the axis of the shaft.

A loose, damaged or defective vibration damper, a loose flywheel or the introduction of improper
or additional pulleys or couplings are usual causes of this type of failure. Also, overspeeding

of the engine or overriding the engine electronic control system to allow engine overspeeding
may be contributory factors.

1.7.2.11 Crankshaft Cracks

As previously mentioned, most of the indications found during inspection of the crankshaft are
harmless. The two types of indications to look for are circumferential fillet cracks at the critical
areas and 45° cracks (45° to the axis of the shaft) starting from either the critical fillet locations
or the connecting rod journal holes. See Figure 1-121. Replace the crankshaft when cracks of
this nature are found. Refer to section 1.7.3.

All information subject to change without notice.
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1.7.2.12 Crankshaft Grinding

The use of properly remanufactured crankshafts is very important to maximize crankshaft main
and connecting rod bearing life.

Remanufactured crankshafts must conform to specifications. See Figure 1-121. The dimensional
requirements for journal axial profile, radial chatter and oil hole washout require confirmation
with a Gould 1200 Surface Analyzer (or equivalent). Information on Gould 1200 is available in
the "Glossary". Refer to section ADDITIONAL INFORMATION 1.A.

NOTE:
Visual inspection cannot be relied upon to confirm the compliance to journal quality
specifications.

- The procedure of crankshaft journal polishing can easily create axial profile and oil hole washout
conditions beyond specifications. Any polishing operation should be followed by Gould
1200 (or equivalent) measurements to assure conformance to remanufactured specifications.
Refer to section ADDITIONAL INFORMATION1.A, "Crankshaft Remanufactoring Procedures".

All used crankshafts that have not been reground must meet the dimensional specifications
standard or be reground to specifications. Refer to section ADDITIONAL INFORMATION 1.A,
"Crankshaft Remanufactoring Procedures".

In addition to standard size crankshaft thrust washers, 0.127 mm (0.005 in.) and 0.254 mm (0.010
in.) oversize thrust washers are available. Thrust surface specifications are listed in Table 1-21.

Remanufactured crankshafts should be stamped on the edge of the No. 1 crank throw
(counterweight) with the appropriate undersize dimensions for identification purposes.

NOTE:

Crankshaft main bearing journals and/or connecting rod journals which exhibit
discoloration due to excessive overheating from bearing failure are NOT acceptable
for rework. ‘

If one or more main or connecting rod journals require grinding, grind all of the main journals
or all of the connecting rod journals to the same required size.

All information subject to change without notice.
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1.7.3 Installation of Crankshaft

Install the crankshaft using the following procedure:

A CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

1. Steam clean it to remove the rust preventive and blow out the oil passages with compressed
air.

2. Install the upper main bearing shells in the block. If the old bearing shells are to
be used again, install them in the same locations from which they were removed.
Refer to section 1.9.3.

NOTE:
When a new or reground crankshaft is installed, ALL new main and connecting rod
(upper and lower) bearing shells and new thrust washers must also be installed.

NOTE: :
If the crankshaft surfaces were reground, it may be necessary to install oversize thrust
washers on one or both sides of the No. 6 main journal. See Figure 1-113.

3. Install the thrust washer upper halves in the counterbores on either side of the No. 6
bearing saddle. Coat the backs of the thrust washers (without oil grooves) with petroleum
jelly and stick them in place with the oil-grooved sides facing away from the saddle.

4. Apply clean engine oil 360 degrees around all crankshaft bearing journals and install the
crankshaft in place so that the timing marks on the crankshaft timing gear and the bull
gear are aligned. Refer to section 1.21.2.1.

NOTE:
It may be easier to remove the bull gear assembly and re-time the engine.

All information subject to change without notice,
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5. Install the main bearing shells in the main bearing caps as follows:

NOTE:
Whether the engines were built with or without thrust washers in the No. 6 main bearing
cap, they are no longer required; they do not need to be reinstalled.

[a] Align the tang on the lower main bearing shell with the groove in the main bearing
cap. Install the bearing shell to the main bearing cap.

NOTE:

The main bearing caps are bored in position and stamped with position number. They
must be installed in their original positions, with the marked (numbered) side of each
cap toward the cooler (right) side of the cylinder block.

[b] If the old bearing shells are to be used again, install them in the same bearing caps
from which they were removed.

6. Install the main bearing caps together with lower bearing shells in place. Install the
main bearing cap bolt. See Figure 1-122.

SEARSN MAIN BEARING
] CAP BOLT

MAIN BEARING
CAP

24280

Figure 1-122 Main Bearing Cap Installation
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7. Apply a small quantity of International Compound #2% (or equivalent) to the bolt threads
and underside of the bolt heads. Install the main bearing cap bolts and draw them up
snug. Rap the main bearing caps sharply with a fiber mallet or plastic hammer to insure
the caps are fully seated.

8. Torque all of the main bearing cap bolts to 470-530 N-m (347-391 Ib-ft). Begin at the
center caps and work progressively toward each end. Tighten the bolts to half the specified
torque and then repeat the tightening sequence to the torque limit.

NOTE:
If the bearings have been installed properly, the crankshaft will turn freely with all of the
main bearing cap bolts drawn to the specified torque.

9. Check the crankshaft end by moving the crankshaft toward the gage with a small 304.8
mm (less than 12 in.) pry bar. See Figure 1-123. Keep a constant pressure on the pry bar
and zero the pointer on the dial indicator. Then, remove and insert the pry bar on the other
side of the bearing cap. Force the crankshaft in the opposite direction and note the amount
of end play on the dial. The end play should be 0.099-0.419 mm (0.0039 -0.0165 in.).
Insufficient end play can be the result of a misaligned No. 6 main bearing, a misaligned
upper thrust washer or a burr or dirt on the inner face of one or more of the thrust washers.

I
S 7
0 ‘%"If' DIAL

INDICATOR
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Figure 1-123 Measuring Crankshaft End Play
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10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.
25.
26.
27.
28.

Assemble the timing wheel and crankshaft gear on the crankshaft. Refer to section 1.27.3.

Install the piston and connecting rod assemblies. Refer to section 1.18.5. Torque the
connecting rod cap nuts to 160-185 N-m (118-137 1b-ft).

Install the cylinder head. Refer to section 1.2.5.

Install the flywheel housing. Refer to section 1.16.3.

Replace the rear crankshaft seal with new seal and sleeve assembly. Refer to section 1.8.7.
Install the flywheel. Refer to section 1.14.3.

Install the lubricating oil pump, inlet and outlet pipes. Refer to section 3.2.6.

Install the gear case cover and engine front support. Refer to section 1.10.3.

Replace the front crankshaft seal with new seal and sleeve assembly. Refer to section 1.8.7.
Install the viscous vibration damper. Refer to section 1.12.3.

Install the crankshaft pulley. Refer to section 1.13.3.

Install the oil pan. Refer to section 3.11.4.

Use a chain hoist and spreader bar with hooks attached to the lifting brackets at each end
of the engine and remove the engine from the overhaul stand. See Figure 1-5.

Remove the overhaul stand adaptor plate from the engine block. See Figure 1-7.
Install any accessories that were removed.

Install the engine to the equipment from which it was removed.

Fill the cooling system. Refer to section 13.13.4.

Fill the engine crankcase to correct operating level. Refer to section 13.13.1.

After replacing the main or connecting rod bearings or installing a new or
reground crankshaft, operate the engine as outlined in the "Run-In Schedule."
Refer to section 11.8.3.2.

All information subject to change without notice.
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1.8 CRANKSHAFT OIL SEALS

An oil seal is used at each end of the crankshaft to retain the lubricating ol in the crankcase. The
sealing lips of the crankshaft oil seals are held firmly, but not tight, against the crankshaft sealing
surfaces by a spring, thus preventing oil from escaping from the engine crankcase.

A unidirectional laydown-lip crankshaft oil seal, with a dust lip, is used at the front of the

crankshaft. The rear oil seal is pressed into the flywheel housing. With dry flywheel housings,

a single Teflon-lip seal is used. With wet flywheel housings, a two-lip, laydown type seal is
used. See Figure 1-124 and see Figure 1-125.

CRANKSHAFT
REAR OIL SEAL

FLYWHEEL
HOUSING

20111

Figure 1-124 Crankshaft Rear Oil Seal

NOTICE:

Failure to use the required seal in a dry or wet flywheel housing
environment may result in seal damage and oil leakage.

A unidirectional, single Teflon lip seal with an integral dust lip is used at the rear of engines
with dry flywheel housings.
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The Chicago Rawhide® unitized front oil seal is pressed into the gear case cover after the cover is
installed. See Figure 1-125.

CRANKSHAFT X
FRONT OIL SEAL

20112

Figure 1-125 Crankshaft Front Oil Seal

The seal element runs against a wear sleeve which is an integral part of the seal assembly for
the Chicago Rawhide seal.

Teflon® is a registered trademark of E.I. DuPont de Nemours and Company, Inc.
Chicago Rawhide® is a registered trademark of CR Industries.

The lip of the seals bears against the crankshaft hub surface.

Al information subject to change without notice.
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1.8.1 Repair or Replacement of OQil Seal

To determine if repair is possible or replacement is necessary, perform the following procedure.
See Figure 1-126.

INSPECT CRANKSHAFT
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RANKSHAFT HUB INSTALLATION

HOUSING BORE
R T

SURFACE

YES YES |

REPAIR REPAIR . REPAIR

REUSE

INSTALL
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Figure 1-126 Flowchart for Repair or Replacement of Crankshaft Oil Seal
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1.8 CRANKSHAFT OIL SEALS

1.8.2 Removal of Front and Rear Crankshaft Qil Seal

The rear crankshaft oil seals can be removed with either the flywheel housing installed or removed.
The front crankshaft seal can be removed with the front gear case housing removed or installed.

NOTICE:

Due to the possibility of damage to the crankshaft oil seals, any
time the gear case cover or flywheel housing is removed from
the engine, the crankshaft oil seals must be replaced.

1. Remove the crankshaft oil seal as follows:
[a] If the gear case housing is removed, refer to section 1.8.3.
[b] If the gear case housing is installed, refer to section 1.8.4.

2. For the flywheel housing seal, refer to section 1.8.5.

All information subject to change without notice.
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1.8.3 Removal of Front Crankshaft Oil Seal (Gear Case Housing
Removed)

The Federal Mogul® front crankshaft oil seal may be removed with the gear case housing
removed from the engine.

Perform the following steps if the gear case housing is removed from the engine.

NOTE: ,
The crankshaft oil seals must be removed if the gear case housing has been removed

from the engine.
1. Support the outer face of the gear case housing on wood blocks.

2. Drive the oil seal out with a brass drift and hammer. Clean the seal bore in the housing.
See Figure 1-127.

OIL SEAL

20113

Figure 1-127 Front Crankshaft Oil Seal Removal

All bject to change without nofice.
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1.8 CRANKSHAFT OIL SEALS

184 Removal of Front Crankshaft Oil Seal (Gear Case Housing Still
Installed)

The front crankshaft oil seal may be taken out without removing the gear case housing. This may
be done by using oil seal removal tool J 41329 part of J 35993.

NOTE:
Before proceeding, determine if seal to be removed is Federal Mogul or Chicago
Rawhide brand. Remove and clean all rust and dirt from the crankshaft surface.

Remove Federal Mogul seal as follows:

1. Install puller, J 41329 part of J 35993, over crankshaft and hold against seal.
See Figure 1-128.

2. Using variable speed drill motor and 5/32" bit, drill through outer and inner case of seal
using smallest hole "A" as a guide.

All information subject to change without notice.
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3. Without moving J 41329 part of J 35993, drill two additional "A" holes equally spaced.

NOTE:
All six holes may be drilled if using three holes proves unsuccessful in pulling seal.

32265

Figure 1-128 Removing Front Crankshaft Oil Seal from Gear Case Cover

4. Rotate J 41329 part of J 35993 clockwise until the "B" holes align with drilled holes
and install sheet metal screws.

5. Apply thread lubricant, J 23444-A part of J 35686, to forcing screw and remove seal.

6. Remove the sheet metal screws from the tool. Discard the oil seal.

All inf i bject to change without notice.
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7. Remove oil sleeve using crank oil sleeve remover, J 37075-A. See Figure 1-129.

|
J 37075-A

33

Figure 1-129 Oil Seal Sleeve Removal Tool for the Federal Mogul Seal

NOTE:
Crocus cloth may be used to clean up the high spots from the surface of the crankshaft.

Clean the crankshaft contact surface thoroughly.

All information subject to change without notice.
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Remove the Chicago Rawhide seal as follows:
Chicago Rawhide® is a registered trademark of CR Industries.

1. Install puller, J 41329 part of J 35993, over crankshaft and hold against seal.
See Figure 1-130.

J 41329

32265 -

Figure 1-130 Removing Front Crankshaft Oil Seal from Gear Case Cover

2. Using variable speed drill motor and 5/32 in. bit, drill through outer and inner case of
seal using smallest hole "A" as a guide.

3. Without moving J 41329 part of J 35993, drill two additional "A" holes equally spaced.

NOTE:
All six holes may be drilled if using three holes proves unsuccessful in pulling seal.
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4. Rotate J 41329 part of J 35993 clockwise until the "B" holes align with drilled holes
and install sheet metal screws.

5. Apply thread lubricant, J 23444-A part of J 35686, to forcing screw and remove seal.

NOTE:

If seal is difficult to remove, there is probably debris on the crankshaft preventing the
wear sleeve from passing over the crankshaft. Push the seal in 1/8", clean crankshaft
surface thoroughly and repeat the removal procedure.

6. Remove the sheet metal screws from the tool. Discard the oil seal.
1.85 Removal of Rear Crankshaft Qil Seal (Flywheel Housing Installed)

The rear crankshaft oil seal may be taken out without removing the flywheel housing. This may
be done by using oil seal removal tool, J 41329 part of J 35993.

1. To replace the rear oil seal, with transmission removed, remove the flywheel.
Refer to section 1.14.2.

NOTE:
Before proceeding, determine if seal to be removed is Federal Mogul® or CR brand.
Remove and clean all rust and dirt from the crankshaft surface.

All information subject to change without notice.
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Remove the Federal Mogul seal as follows:
1. Install puller, J 41329 part of J 35993, over crankshaft and hold against seal.

2. Using variable speed drill motor and 5/32" bit, drill through outer and inner case of seal
using smallest hole "A" as a guide. See Figure 1-131.

J 41329

32265

Figure 1-131 Rear Oil Seal Removal

3. Without moving J 41329 part of J 35993, drill two additional "A" holes equally spaced.

NOTE:
All six holes may be drilled if using three holes proves unsuccessful in pulling seal.

4. Rotate J 41329 part of J 35993 clockwise until the "B" holes align with drilled holes
and install sheet metal screws.
5. Apply thread lubricant, J 23444-A part of J 35686, to forcing screw and remove seal.

6. Remove the sheet metal screws from the tool. Discard the oil seal.

All information subject to change without notice.
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Remove the CR seal as follows:
1. Install puller, J 41329 part of J 35993, over crankshaft and hold against seal.

2. Using variable speed drill motor and 5/32" bit, drill through outer and inner case of seal
using smallest hole "A" as a guide. See Figure 1-132.

J 41329

J 35993-5

32631

Figure 1-132 Rear Oil Seal Removal

NOTE:
All six holes may be used if using three holes proves unsuccessful in pulling seal.

3. Apply thread lubricant J 23444-A part of J 35686 to forcing screw and remove seal.

NOTE:
If seal is difficult to remove, push seal in 1/8 in., clean crankshaft surface thoroughly and

repeat the removal procedure.

4. Remove the sheet metal screws from the tool. Discard the oil seal.
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1.8.6 Removal of Rear Oversized Crankshaft Seal with Wear Sleeve

If seal removed is an oversized seal with wear sleeve, the old wear sleeve must also be removed
as follows:

1. To remove a worn wear sleeve, use crank shaft wear sleeve remover, J 37075-A.
See Figure 1-133.

[a] Install hardened steel sleeve removal tool into flywheel housing bore. Using socket
and breaker bar, rotate tool in three different locations, 2, 4, and 8 o’clock positions,
to score the sleeve, until sleeve stretches sufficiently so it can be slipped off the
end of the crankshaft.

[b] Crocus cloth may be used to clean up the high spots from the surface of the
crankshaft. Clean the crankshaft. Clean the crankshaft contact surface thoroughly.

I
J 87075-A

20115

Figure 1-133 Rear Oil Seal Wear Sleeve Removal

All information subject to change without notice.
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1.8.7 Installation of Front and Rear Crankshaft Oil Seal and Wear Sleeve

Install the front oil seal as follows:

An oil seal sleeve, integral to the seal assembly, is pressed onto the end of the crankshaft and
provides a replacement wear surface at the point of contact with the oil seal. The sleeve and
seal are supplied assembled. The assembly is installed using the crankshaft oil seal and sleeve
installation tool. The Federal Mogul® oil seal is installed using tool,J 35686-A, with collar

J 35686-10. The Chicago Rawhide® (CR) oil seal is installed using J 35686-B, but uses collar
J 35686-20. See Figure 1-134 and see Figure 1-135.

J 35686-3

J 35686-2 .

\‘% J 35686-4

* USE J 35686-10 COLLAR FOR FEDERAL MOGUL®OIL SEAL

INSTALLATION (NO COLOR)
USE J 35686-20 COLLAR FOR CR® OIL SEAL INSTALLATION (WHITE COLOR) 20116

1. Washer 3. Crankshaft Seal
2. Washer

Figure 1-134 Front Crankshaft Oil Seal and Sleeve Installation Tool Set

All Information subject to change without notice.
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J 35686-11 * 4

J 35686-4
A5
gAPIIIIIINY 6
J 35686-1 —— ] Y
J 35686-3 7 7

FRONT CRANKSHAFT
SEAL AND WEAR SLEEVE

jl/ INSTALLATION SETUP
SEAL AND WEAR SLEEVE

INSTALLED

1 J 35686-2

7

* USE COLLAR J 35686-10 (NO COLOR) FOR FEDERAL MOGUL® OIL SEAL INSTALLATION
USE COLLAR J 35686-20 (WHITE COLOR) FOR CR® OIL SEAL INSTALLATION

20117
1. Thrust Plate 5. Gear Case/Flywheel Housing
2. Wrench Flat 1/2 in., Guide Stud 6. Crankshaft
3. 3/4 - 10 Hex Nut 7. Guide Stud Retainer (O-ring)

4. Seal and Wear Sleeve Assembly

Figure 1-135 Front Crankshaft Oil Seal
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Install an oversize oil seal and sleeve, as follows:

1. Install the new, oversize oil seal and wear sleeve assembly to the housing.

NOTE:

The assembly used in dry flywheel housings has a unidirectional, lip type Teflon inner
sealing lip and a forward facing Teflon dust lip. The assembly used in wet flywheel
housings has a double-lip seal with unidirectional inner and outer laydown type Teflon
sealing lips.

2. Add new adapter ring and spacers. Do not separate the two.

All information subject to change without notice.
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Perform the following steps to install the rear oil sleeve:

NOTE:
Rear oil seals have a color code of green for engines built after 6R491683.

NOTE:

The assembly used in dry flywheel housing has unidirectional, lip type Teflon inner sealing
lip and a forward facing Teflon dust lip. The assembly used in wet flywheel housings has
a double-lip seal with unidirectional inner and outer laydown type Teflon sealing lips.

1. Install the two guide studs, J 35686-2, through the holes provided in the base, J 35686-1,
and into two of the tapped holes in the crankshaft, 180 degrees apart. See Figure 1-136.
Tighten the guide studs using the appropriate wrench on the flats of the studs. The base
must be tight against the end of the crankshaft.

J 35686-1

J 35686-3

J 35686-2 .

v J 35686-4

* USE J 35686-10 COLLAR FOR FEDERAL MOGUL® OIL SEAL
INSTALLATION (NO COLOR)
USE J 35686-20 COLLAR FOR CR® OIL SEAL INSTALLATION (WHITE COLOR) 20116

1. Washer 3. Crankshaft Seal
2. Washer

Figure 1-136 Rear Oil Seal Installation

Al infe ion subject to change without notice.
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1.8 CRANKSHAFT OIL SEALS

2. For rear crankshaft oil seal installations only, install spacer and J 35686-1 1, to the center
screw of the base. See Figure 1-137 and see Figure 1-135.

20120

Figure 1-137 Rear Oil Seal Installation
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3. Install the rear housing and adapter ring with seal and sleeve assembly in place on the
guide studs. See Figure 1-138.

CRANKSHAFT OIL SEAL
AND SLEEVE ASSEMBLY

20122

Figure 1-138 Rear Oil Seal and Sleeve Installation
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18 CRANKSHAFT OIL SEALS

4. Install the thrust bearing tool with the case side toward the installer housing. Install the
hex nut to the center screw of the base. See Figure 1-139.

THRUST BEARING -

HEX NUT

20123

Figure 1-139 Thrust Bearing Installation
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5. Tighten the hex nut by hand until all the slack is taken up. Use a ratchet and socket to
tighten the hex nut, and install the wear sleeve to the crankshaft and the oil seal to the
flywheel housing and/or gear case cover. See Figure 1-140.

20124

Figure 1-140 Oil Seal and Sleeve Instailation

6. When the inside surface of the housing is seated against the base (spacers on rear oil seal
installation), the seal and sleeve are properly positioned and installed.

All subjsct to change without notice.
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1.9 CRANKSHAFT MAIN BEARINGS

The crankshaft main bearing shells are precision made and are replaceable without machining.
They consist of an upper bearing shell seated in each cylinder block main bearing support and a
lower bearing shell seated in each main bearing cap. See Figure 1-141.

ENGINE 5 ENGINE

FORMER DESIGN CURRENT DESIGN 20125
1. Upper No. 6 Thrust Washers 8. MainCapNo. 1,2,3,4,5&7
2. Crankshaft 9. Lower Thrust Bearing Shell
3. Lower No. 6 Thrust Washers 10. Woodruff Key
4. Lower No. 6 Thrust Bearing Shell 11. Upper Thrust Bearing Shell No. 1,2, 3,4,5&7
5. Washer 12. Cylinder Block
6. Bolt 13. Upper No. 6 Thrust Bearing Shell
7. No. 6 Main Cap

Figure 1-141 Main Bearing Caps, Bearing Shells and Crankshaft Thrust
Washers
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The upper and lower bearing shells are located in the respective block and bearing cap by a
tang. The tang is located at the parting line at one end of each bearing shell. The tangs are
offset from center to aid correct insertion. Bearing shell sets are supplied as a matched assembly
and should not be mixed.

A hole in each upper bearing shell registers with a vertical oil passage in the cylinder block.
Lubricating oil, under pressure, passes from the cylinder block oil gallery by way of the bearing
shells to the drilled passage in the crankshaft, then to the connecting rods and connecting rod
bearings. The upper bearing shell is also grooved.

The lower main bearing shells have no oil holes or grooves. Therefore, the upper and lower
main bearing shells must not be interchanged.

All Information subject to change without notice.
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Thrust washers on each side of the No. 6 main bearing absorb the crankshaft thrust. The
two-piece washers utilize locking tangs that register with locating notches in the bearing shell.
See Figure 1-142.

24370

1. Upper Thrust Washer (2) 4. No. 6 Main Bearing Cap
2. Upper No. 6 Bearing Shell 5. Bolt
3. Lower No. 6 Bearing Shell

Figure 1-142 No. 6 Thrust Bearing Detail

The condition of the lower bearing shells may be observed by removing the main bearing caps.

All inf, i bject to change without notice.
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1.9.1

Repair or Replacement of Crankshaft Main Bearings

To determine if repair is possible or replacement is necessary, perform the following procedure.
See Figure 1-143.

REMOVE
CRANKSHAFT
BEARINGS

BRIGHT

OF BEARING
SHELLS

SPOTS ON BACK

REPLACE ALL
BEARING
SHELLS

DAMAGE TO
BEARING CAPS
AND SADDLES

YES

NO

REPAIR
BEARING CAPS
AND SADDLES

BEARING
SHELLS BELOW

MINUMUM
THICKNESS

REPLACE ALL
BEARING
SHELLS

INSPECT BEARING
SHELLS

OURNAL
TO BEARING
CLEARANCE
EXCEEDS
PECIFICATIONS

REPLACE ALL
BEARING REUSE
SHELLS

INSTALL

21696

Figure 1-143

Flowchart for Repair or Replacement of Crankshaft Main

Bearings
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1.9.2 Removal of Main Bearing Shells

The main bearing caps are numbered consecutively, indicating their respective positions. When
removed, the bearing caps (and the bearing shells, if they are to be reinstalled) must always be
reinstalled in their original position.

1. Drain the oil pan, refer to section 13.13.1 and remove the oil pan to expose the main
bearing caps refer to section 3.11.2.

2. Remove the oil pump pickup and outlet pipes, and the oil pump. Refer to section 3.2.2.

3. Remove one bearing cap at a time and inspect the lower bearing shell.
Refer to section 1.9.2.2.

NOTE:

If shims are used between the oil pump and the cylinder block, save the shims so that
they can be reinstalled in exactly the same location as removed. The shims are used to
adjust the crankshaft timing gear-to-oil pump drive gear lash.

4. To remove the upper main bearing shells without crankshaft removal, it will be necessary
to use the main bearing shell remover and installer tool set, J 36187 . See Figure 1-144.

NOTE:

Remove and reinstall both upper and lower bearing shells for each main journal being
inspected before moving on to the next main journal. Never remove more than one main
bearing cap at a time except for No. 6 and No. 7.

BEARING SHELL
TOOL

ROLL PIN

24056J

Figure 1-144 Main Bearing Shell Remover and Installer Tool Set
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5. To bar the engine over, use the square hole in the middle of the crankshaft pulley, to
position the crankshaft throw. Position the crankcase throw for the main bearing being
worked on so that the oil delivery hole is pointing upward. See Figure 1-145.

ROLL PIN

—_ V
& (=) s}

af

OIL DELIVERY HOLE

20128

Figure 1-145 Roll Pin Hole Installation
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1.9 CRANKSHAFT MAIN BEARINGS

6. Install the roll pin to the oil delivery hole in the crankshaft journal. See Figure 1-145. If
this operation is being performed in-frame, use petroleum jelly to retain the roll pin in
the hole.

7. For the No. 6 main bearing journal, it will be necessary to install the lower main bearing
thrust washers (previously removed) to the machined faces of the body from the tool kit.
Stick the thrust washers to the main cap using petroleum jelly. Index the locating tangs on
the thrust washers with the cutouts on the bearing shell. See Figure 1-146.

NO. 6 LOWER BEARING SHELL
THRUST WASHERS | TOOL

TANG RELIEF SLOT

BODY (PART OF J 36187-A)

24284

Figure 1-146 Upper Main Bearing Shell Removal-Tool Set-Up
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8. Using the main bearing cap bolts and washer removed from the engine, install the
assembled main bearing cap remover and installer tool to the main bearing saddle being
worked on. The word "Front" stamped on the tool must face the front of the engine. Be
sure that the roll pin in the oil delivery hole registers with the cutout section of the bearing
shell tool before tightening the main bearing cap bolts. See Figure 1-147.

ASSEMBLED BEARING
REMOVAL TOOL

FRONT OF
ENGINE

24378

Figure 1-147 Upper Main Bearing Shell Remover Tool Installation

NOTE:

Only the No. 6 main bearing shell requires use of the thrust washers on the sides of
the remover tool. For main bearings No. 1, 2, 3, 4, 5, and 7, it will not be necessary
to install the thrust washers to the tool.

9. Torque the main bearing cap bolts until they are snug 13-27 N-m (10-20 1b-ft).

10. Using the square hole in the middle of the crankshaft pulley, bar the engine over in a
clockwise direction when viewed from the front, approximately 180 degrees until the tang
of the upper main bearing contacts the block. This will roll the bearing shell tool (and the
thrust washers for No. 6 main bearing) into the upper main bearing saddle.

NOTE:

Keep all bearing shells and thrust washers segregated by number, so that they may be
reinstalled exactly as removed if the bearing shells are reused. Shells and washers may
be marked with a permanent marker or equivalent. Do not punch mark or otherwise
disturb the surface of the shells and washers to mark them.

11. Remove the main bearing cap tool from the saddle.

Al ink ion subject to change without notice.
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12.

13.
14.

15.

16.

17.
18.

Remove the upper shell (and two thrust washers when working on No. 6 main) from
the tool.

Inspect the bearing shells (and thrust washers for No. 6 main). Refer to section 1.9.2.2.

Install the upper main bearing to be used, in the main bearing installer and remover with
the word "Front" facing the front of the engine. If the No. 6 main bearing is being done,
install the thrust washers to the bearing. Refer to step 7 in this procedure.

Position the remover and installer with the bearings in the saddle being worked on and
install the main bearing cap bolts and washers. Torque the bolts until they are snug 13-27
N-m (10-20 Ib-ft).

Using the square hole in the crankshaft pulley, bar the engine over slowly, in a
counterclockwise direction, approximately 180 degrees until the bearing split line is even
with the cap and block joint face. Care must be taken not to bar the engine over too

far and damage the bearing tang.

Remove the bearing remover and installer assembly, J 36187.

Install the lower main bearing shell to be used, into the engine main bearing cap.

NOTE:
Thrust washers in the No. 6 main bearing cap are no longer required if the engine was
built with them. They do not need to be reinstalled.

19.

20.

21.

Coat the threads and underside of the heads of the main bearing cap bolts with
International Compound #2®. Position the main bearing cap, with bearing(s) in place into
the saddle and install the bolts and washers. Rap the main bearing caps sharply with

a fiber mallet or plastic hammer to ensure the caps are fully seated. Torque the bolts

to 470-530 N-m (347-391 lb-ft).

It will be necessary to reinstall the upper and lower main bearing shells (and the

- upper thrust washers for the No. 6 main) and the main bearing cap, for the bearings

being inspected or replaced before proceeding to the next main bearing saddle.
Refer to section 1.9.3.

Repeat this procedure for each main bearing saddle until all seven sets of main bearings
have been removed and inspected or replaced.

NOTE:

No. 7 main bearing journal does not have an oil hole, so the bearing remover cannot
be used at that position. The No. 7 upper main bearing should be removed with both
No. 6 and No. 7 main bearing caps off. Using a suitable tool, push on the No. 7 upper
bearing on the side opposite the tang and dislodge the bearing tang from the tang slot in
the cylinder block. Carefully push and pull the bearing the rest of the way out, taking
care not to damage the bearing shell. Rotate the crankshaft, and apply some pressure
to the side of the bearing while rotating.

22. After removal, clean the bearings.

All information subject to change without notice.
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1.9.2.1 Cleaning of Main Bearings

Perform the following to clean the main bearing:

1. Immerse the bearing in cleaning agent.

a CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

2. Blow dry the main bearings with compressed air and inspect for damage and wear.
Refer to section 1.9.2.2.

1.9.2.2 Inspection of Crankshaft Main Bearings

Bearing failures may result from deterioration (acid formation) or contamination of the oil or loss
of oil. An analysis of the lubricating oil may be required to determine if corrosive acid and
sulphur are present, which cause acid etching, flaking and pitting. Bearing seizure may be due
to low oil or no oil.

Inspect the bearings for scoring, pitting, flaking, etching; or signs of overheating. The bearing
overlay may develop minute cracks or small isolated cavities (checking) on the bearing surface
during normal engine operation. These are characteristics of and are not detrimental to this type of
bearing. They should not be replaced for these minor surface imperfections, since function of the
bearings is in no way impaired and they will give many additional hours of trouble-free operation.

Inspect the backs of the bearing shells for bright spots, which indicate they have been moving in
the bearing caps. If such spots are present, discard the bearing shells, and inspect the bearing caps
and upper bearing saddles.

All information subject to change without notice.
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1.9  CRANKSHAFT MAIN BEARINGS

Measure the thickness of the bearing shells at a point, 90 degrees from the parting line.
See Figure 1-148.

[— FREE DIAMETER —®{ 111.3-111.2 mm (4.381 - 4.378 in.)

INSTALLED
DIAMETER

111.0-111.022 mm (4.370 - 4.371 in.)

- _BEARING
THICKNESS

BEARING ) '
TOEARING . 3.962-3.980 mm (0.1559 - 0.1567 in.)

20131

Figure 1-148 Main Bearing Measurements

Tool J 4757, placed between the bearing shell and a micrometer, will give an accurate
measurement. The bearing shell thickness will be the total thickness of the steel ball in the tool
and the bearing shell, less the diameter of the ball. This is the only practical method for measuring
the bearing thickness, unless a special micrometer is available for this purpose. The minimum
thickness of a worn standard main bearing shell is 3.937 mm (0.155 in.). If any of the bearing
shells are thinner than this dimension, replace all of the bearing shells. A new standard bearing
shell has a thickness of 3.962-3.980 mm (0.1560 -0.1567 in.). If any bearing shell shows wear
through the overlay across the width of the shell, all bearing shells must be replaced.

In addition to the thickness measurement, check the clearance between the main bearings and the
crankshaft journals. This clearance may be determined with the crankshaft in place by means of a
soft plastic measuring strip that is squeezed between the journal and the bearing as described in
"Checking Bearing Clearance". Refer to section ADDITIONAL INFORMATION 1.A. With the
crankshaft removed, measure the outside diameter of the crankshaft main bearing journals and the
inside diameter of the main bearing shells when installed in place with the proper torque 470-530
N-m (347-391 1b-ft) torque on the bearing cap bolts. When installed, the bearing shells are 0.0254
mm (0.001 in.) larger in diameter at the parting line than 90 degrees from the parting line.

All information subject to change without notice.
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The bearing shells do not form a true circle out of the engine. When installed, the bearing shells
have a squeeze fit in the main bearing bore and must be tight when the bearing cap is drawn down.
This crush assures a tight, uniform contact between the bearing shell and bearing seat. Bearing
shells that do not have sufficient crush will not have uniform contact, as shown by shiny spots on
the back, and must be replaced. If the clearance between any crankshaft journal and its bearing
shells exceeds 0.1524 mm (0.006 in.), all of the bearing shells must be discarded and replaced.
This clearance is 0.040-0.127 mm (0.0016 -0.005 in.) with new parts.

If installing new replacement bearings, it is very important to thoroughly inspect the crankshaft
journals. Also, damaged bearings may cause bending fatigue and resultant cracks in the
crankshaft. Refer to section 1.7.2.11, and refer to section 1.7.2.9.

Do not replace one main bearing shell alone. If one bearing shell requires replacement, install all
new upper and lower shells.

NOTE:
Anytime a new or reground crankshaft is used, all new bearing shells must be used.

Bearing shells are available in 0.254, 0.508 and 0.762 mm (approximately 0.010,.020 and 0.030
in.) undersize for service with reground crankshafts as listed in Table 1-10to determine what
size bearings are required. Ensure the correct bearing to journal clearance is maintained when
using these parts.

NOTE:
Bearing shells are NOT reworkable from one undersize to another undersize under
any circumstances.

Inspect the crankshaft thrust washers. If the washers are discolored or worn excessively, or if the
crankshaft end play is excessive, replace the thrust washers. Inspect the crankshaft thrust surfaces.
Refer to section 1.7.2.1. If, after dressing or regrinding the thrust surfaces, new standard size
thrust washers do not hold the crankshaft end play within the specified limits, it may be necessary
to install oversize thrust washers on one or both sides of the No. 6 main bearing. A new standard
size thrust washer is 3.56-3.48 mm (0.140 -0.137 in.) thick. Thrust washers are available in 0.127
and 0.254 mm (0.005 and 0.010 in.) oversize.
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CRANKSHAFT MAIN BEARINGS

1.9.3

Installation of Main Bearings Shells (Crankshaft Removed)

Install the main bearing shells as follows:

1.
2.

Check that all of the parts are clean and dry.

Apply clean engine oil 360° around each crankshaft main journal and install the upper
main bearing shells to their respective saddles in the cylinder block. Note the locating
tangs and be sure the oil holes register with the galleries in the cylinder block.

Be sure to install the drilled bearing shells in the cylinder block and the plain bearing
shells in the bearing caps. The upper and lower main bearing shells are not alike; the
upper shell is drilled for lubrication, the lower bearing shell is not. If they are not installed
correctly, the oil flow to the bearings and to the upper end of the connecting rods will be
blocked off. Used bearing shells must be reinstalled on the same journal from which
they were removed.

Perform all of the steps under "Installation of Crankshaft." Refer to section 1.7.3.

[a] Measure the main bearing clearances. Refer to section ADDITIONAL
INFORMATION 1.A, "Checking Bearing Clearances" in "Shop Notes".

Measure the crankshaft end play. The minimum and maximum specifications are
listed in Table 1-21.

6. Toruge all of the main bearing cap bolts to 470-530 N-m (347-391 1b-ft).

Measure the main bearing bores with dial bore gage, J 5347-B. The minimum
specifications are listed in Table 1-15.

All information subject to change without notice.
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1.10 GEAR CASE COVER

The gear case cover and gear case housing bolt together at the front of the engine to form a sealed
compartment for the engine gear train. See Figure 1-149.

20132

Figure 1-149 Engine Gear Case and Cover

All information subject to change without notice.
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Figure 1-150

Gear Case Cover-mounted Components
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The gear case cover also serves as a retainer for the crankshaft front oil seal. See Figure 1-151.

CRANKSHAFT FRONT OIL SEAL
20133

Figure 1-151 Crankshaft Front Oil Seal

ion subject to change without notice.
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110 GEAR CASE COVER

Several components that are mounted to the ge.

ar case cover include the water pump (pre-1991

engines only), accessory drive assembly, and fan support bracket See Figure 1-152.
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20134
Figure 1-152 Gear Case Cover-mounted Components
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The front engine support is bolted to the front of the gear case cover, directly behind the crankshaft
pulley and vibration damper. See Figure 1-153 and see Figure 1-154,

OPTIONAL
POWER
STEERING
PUMP
LOCATION

FRONT ENGINE SUPPORT
20135

Figure 1-153 Typical Front Engine Support
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37000
1. Bracket, Engine Mounting 6. Screw, Isolator Mounting
2. Short Mounting Bracket 7. Washer
3. Front Heat Exchanger Support Mounting Bracket 8. Heat Exchanger Support
4. Long Mounting Bolt 9. Bracket, Rear Engine Mounting

5. Isolator, Heat Exchanger

Figure 1-154 Typical Front Engine Support Heat Exchanger-Cooled Pleasure
Craft Marine

Several access covers are provided on the gear case cover for service of the engine without
removing the gear case cover. Removal of the camshaft drive gear access cover will allow the
removal of the camshaft drive gear-to-camshaft bolt for camshaft and cylinder head removal
without removing the gear case cover. See Figure 1-155.

All information subject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

1-200



SERIES 60 SERVICE MANUAL

CAMSHAFT DRIVE
GEAR ACCESS COVER

20136

Figure 1-155 Camshaft Drive Gear Access Cover

The fan support bracket includes the access cover for the adjustable idler gear. See Figure 1-156.

ADJUSTABLE IDLER GEAR ACCESS

SUPPORT
BRACKET

20137

Figure 1-156 Fan Support B;acket
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With the fan support bracket and the camshaft drive gear access cover removed, the gear lash
between the adjustable idler gear and the camshaft drive gear can be measured and adjusted
Refer to section 1.21.2.1.

On vehicles without power steering, an access cover is provided for inspection of the air
compressor drive gear. See Figure 1-157.

AIR COMPRESSOR DRIVE
GEAR ACCESS COVER
(THE VEHICLE POWER STEERING
PUMP MAY BE LOCATED
IN THIS POSITION)

20138

Figure 1-157 Air Compressor Drive Gear Access Cover

On some vehicles equipped with power steering, the power steering hydraulic pump is mounted to
the gear case cover in the place of the access cover, and is driven by a short coupling that fits in the
splined hole in the center of the air compressor drive gear. The pump is installed with a gasket.

All information subject to change without notice.
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1.10.1 Repair or Replacement of Gear Case Cover

To determine if repair is possible or replacement is necessary, perform the following procedure.

See Figure 1-158.

REMOVE
GEAR CASE
COVER

l

CLEAN GEAR
CASE COVER

CRACKS,
BREAKS OR
OTHER
DAMAGE

INSPECT GEAR CASE COVER

REPLACE

INSTALL

24155

Figure 1-158 Flowchart for Repair or Replacement of Gear Case Cover
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1.10.2 Removal of Engine Gear Case Cover

With the engine mounted on an overhaul stand. Remove the gear case cover as follows:

NOTICE:

Do not hit the face of the damper to loosen it. Damage to
the internal components may result. The oil pan cannot be
used to support the front of the engine in a vehicle, as its

thermoplastic construction will not support the weight.

1. Drain the engine oil and remove the engine oil pan. Refer to section 13.13.1, for oil
draining and refer to section 3.11.2.

2. Loosen the fan hub mounting bolts. Loosen the fan adjusting bolt. Back the adjuster
off far enough to remove the drive belts. Remove the fan and fan hub assembly.

Refer to section 4.7.2.

3. Loosen the alternator mounting bolts. Remove the alternator drive belts, alternator, and
mounting brackets (if so equipped). Refer to section 8.2.2. See Figure 1-159.

ALTERNATOR

20139

Figure 1-159 Alternator and Related Parts

4. Loosen the air conditioner compressor and mounting brackets (if so equipped). Refer to
OEM guidelines.

Al information subject to change without notice.
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5. Remove the five fan support bolts. See Figure 1-160.

20140

Figure 1-160 Fan Support Bolt Location

6. Remove the water pump assembly. Refer to section 4.3.2 for front mounted water pump.
Refer to section 4.2.2 for gear case mounted.

7. Remove the power steering pump (if so equipped). Refer to OEM guidelines.
8. Remove the crankshaft pulley. Refer to section 1.13.2.
Remove the vibration damper. Refer to section 1.12.2.

10. Remove the front engine mount by removing the four bolts securing the front engine
mount to the gear case cover.

Al information subject to change without notice.
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11. Loosen and remove the five bolts that secure the accessory drive assembly to the gear case
cover. See Figure 1-161.

ACCESSORY DRIVE
ASSEMBLY

20149

Figure 1-161 Accessory Drive Assembly

12. Remove the accessory drive assembly by pulling it straight out of the gear case cover to
avoid damaging the rubber O-ring. See Figure 1-161.

All information subjact to change without nofice.
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13. There are a total of 34 bolts that secure the gear case cover to the gear case. Bolts 17, 18, 19
and 20 were removed with the front engine mount. Bolts F1 through F5 were removed in a
previous step; refer to step 12. Loosen and remove bolts 1 through 16, 21, 22 (see note).

R=REAR BOLTS
F=FAN BRACKET BOLTS

20142

Figure 1-162 Gear Case Cover Bolt Arrangement (Front)

NOTE:
Bolts 21 and 22 are rear bolts on pre-1991 engines.

[a] Remove the SRS. Refer to section 2.29.2.

[b] Remove the air compressor drive assembly by removing the six bolts on the back of

the gear case on the intake side of the engine located around the air compressor drive
assembly. See Figure 1-163.
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20143

Figure 1-163 Gear Case Cover Bolt Arrangement (Left Rear)

[c] Remove the bolts on the back of the gear case on the water pump (right) side of
the engine. See Figure 1-164.

PRE-1991 ENGINES 1891 AND LATER ENGINES 20144

Figure 1-164 Gear Case Cover Bolt Arrangement (Right Rear)

All information subject to change without notice,
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14. Support the gear case cover with a suitable lifting device, using the front engine lift
bracket. See Figure 1-165.

20150

1. Engine Lifter Bracket 3. Gear Case Housing

2. Gear Case Cover

Figure 1-165 Engine Gear Case Cover Support

All inf tion subject to ge without nolice.
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1.10 GEAR CASE COVER

NOTE:
There is a rubber O-ring installed between the center of the bull gear hub and the gear

case cover. The O-ring may adhere to the cover when it is removed. Be sure the O-ring
is not lost. See Figure 1-166.

20148

Figure 1-166 Bull Gear O-ring

15. Tap the gear case cover with a fiber mallet or plastic hammer to loosen it from the gear
case. Remove the engine gear case cover.

All information subject to change without notice.
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1.10.2.1 Inspection of Gear Case Cover

Inspect the gear case cover as follows:

1. Clean all of the old gasket sealer from the mating surfaces of the gear case and gear case
cover. Refer to General Information, "Cleaning".

2. Clean the gasket material from the mating surfaces of any components or access covers
that were removed from the gear case cover, and the gear case cover itself.

“ CAUTION:

To avoid injury from flying debris when using compressed air,
wear adequate eye protection (face shield or safety goggles)
and do not exceed 40 psi (276 kPa) air pressure.

3. Clean all of the removed parts except the electrical components with clean fuel oil and
dry with compressed air.

NOTE:
Any time the gear case cover is removed, the crankcase oil seal must be replaced. Install
the new front oil seal after the gear case cover has been installed to the engine.

4. If necessary, remove the crankshaft front oil seal at this time. Refer to section 1.8.2. Inspect
the gear case cover for stress cracks or breaks in the casting. Refer to section 1.10.2.1.
Repair or replace as necessary. Refer to section 1.11.3.

5. Inspect all O-rings for signs of dryness or splitting. Replace as necessary.
1.10.3 Installation of Gear Case Cover

Perform the following steps for gear case installation:

1. Apply a continuous 1/16 in. bead of Gasket Eliminator PT-7276 (Loctite® 518) or
equivalent to the mating surface of the gear case.

NOTE:
Gasket eliminator cures with the absence of air. The length of time between gear case

cover installation and torquing the bolts that secure the gear case cover to the gear
case should be kept to a minimum.

All information subject to change without notice.
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2. Install two guide studs, J 36107, to the gear case. See Figure 1-167.

J 36107

25897

1. Front Gear Case Cover 4. Locating Dowel (Round)
2. Front Engine Lift Bracket 5. Locating Dowel (Diamond)
3. Front Gear Case Housing

Figure 1-167 Gear Case Cover Guide Stud Location
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6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

1-212




SERIES 60 SERVICE MANUAL

3. Support the gear case cover with a suitable lifting device, using the front engine lift
bracket. See Figure 1-165.

4. Position the gear case cover on the guide studs and slide it forward. Index the two dowels
in the gear case. See Figure 1-167.

5. There are 34 bolts that secure the gear case cover to the gear case (including five for the
fan support bracket). Install them as follows:

NOTICE:

With gasketless parts such as the gear case cover;
the torque values and tightening sequences are critical
to prevent parts warpage.

[a] Install the shorter bolts, No. 1 through 16, 21, 22 (see note), in various locations at

the front of the gear case cover. Finger-tighten them. Remove the guide studs when
installing bolts 7 and 14. See Figure 1-168.

NOTE:
Bolts 21 and 22 are rear bolts on pre-1991 engines.

R=REAR BOLTS
F=FAN BRACKET BOLTS

20142

Figure 1-168 Gear Case Cover Bolt Torque Sequence (Front)

[b] Torque bolts 1 through 16, 21, 22 (see note), to 58-73 N-m (43-54 1b-ft).

All information subject to change without notice.
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[c] Install the front engine mount to the gear case cover. Install the four, longer, front
engine mount-to-gear case cover bolts, finger-tight.

[d] Torque bolts 17, 18, 19 and 20 to 160-200 N-m (118-148 1b-ft). See Figure 1-168.

[e] Bolts F1 through F5 are fan support bracket bolts. Install the fan support bracket and
torque bolts F1, F2 and F3 to 58-73 N-m (43-54 1b-ft). Torque bolts F4 and F5 to
160-200 N-m (118-148 Ib-ft).

[f] Install the six bolts on the intake (left) side of the engine around the air
compressor drive. Torque the bolts to 58-73 N-m (43-54 Ib-ft), using the sequence.
See Figure 1-169.

20148

Figure 1-169 Air Compressor Drive Torque Sequence

[g] Install the SRS to the gear case; refer to section 2.29.3.

All Information subject to change without notice.
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[h] Install the two rear mounted bolts (pre - 1991 engines only) bolts on the exhaust
(right) side of the engine. Torque the number 2 and 3 bolts to 58-73 N-m
(43-54 1b-ft) torque. See Figure 1-170.

PRE-1991 ENGINES 1991 AND LATER ENGINES 20144

Figure 1-170 Gear Case Cover Bolt Torque Sequence (Right Rear)

Install a new crankshaft front oil seal. Refer to section 1.8.7.

Install the accessory drive assembly to the gear case. Refer to section 1.28.5.
Install the vibration damper to the crankshaft. Refer to section 1.12.3.

Install the crankshaft pulley to the end of the crankshaft. Refer to section 1.13.3.

© ® N o

10. Install the water pump assembly. Refer to section 4.2.8 for gear case mounted.
Refer to section 4.3.7 for front mounted.

11. Install a new gasket between the power steering pump cover and the gear case (if so
equipped).

12. Install the power steering pump cover to the gear case cover with the six bolts. Tighten the

bolts progressively in a star-shaped pattern to draw the power steering pump in evenly.
Torque the bolts to 30-38 N-m (22-28 ib-ft), using a star-shaped pattern.

13. Insert a new gasket between the camshaft drive gear access cover and the gear case cover.

Al information subject to change without notice,
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GEAR CASE COVER

14. Install the camshaft drive gear access cover to the gear case cover. Torque the bolts to

30-38 N-m (22-28 1b-ft), using the tightening sequence. See Figure 1-171.

CAMSHAFT DRIVE GEAR ACCESS
COVER TORQUE SPECIFICATION
30-38N-m(22-28 Ib - ft)

AIR COMPRESSOR/POWER
STEERING DRIVER GEAR
ACCESS COVER

20149

Figure 1-171 Access Cover Bolt Torque Sequences

15.

16.

17.

18.

Install the air conditioner compressor and brackets. Install the air conditioner compressor
drive belt. Refer to OEM guidelines.

Install the alternator and brackets. Refer to section 8.2.3. Install the alternator drive

" belts. Refer to section 13.13.10.

Adjust the alternator and air conditioner compressor drive belts to the specifications.
Refer to section 13.13.10.

Install the engine oil pan. Refer to section 3.11.4. Fill the crankcase with recommended
lubricating oil. Refer to section 13.13.1.

All information subject to change without notice.
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1.10.4 Installation of Acoustical Gear Case Covers

Install acoustical covers as outlined below. See Figure 1-172, and see Figure 1-173, for Group
A installations with accessory drive. See Figure 1-174 and see Figure 1-175for installation on
Group B without accessory drive. See Figure 1-176 and see Figure 1-177for typical Group C

installations. See Figure 1-178 and see Figure 1-179for Group D installations.

1. Using required fasteners, install front gear case acoustical cover and accessory drive
acoustical cover. Tighten bolts and nut(s) to the torque values: listed in Table 1-4.

2. Using required fasteners and clips, install right rear and left rear covers. Tighten bolts and

nut(s) to the torque values listed in Table 1-4.

Bolt or Nut Size

Required Torque

M6 x 1.0 13-16 N-m (10-12 Ib-ft)
M8 x 1.25 30-38 N-m (22-28 Ib-ft)
M10 x 1.5 58-73 N-m (43-54 Ib-ft)

Table 1-4 Acoustical Cover Fastener Torque Values

All inf i bject to change without notice.
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24784
1. Nut 4. Acoustical Cover
2. Bolt 5. Gear Case
3. Acoustical Cover Clip 6. Gear Case Cover

Figure 1-172 Typical Group A Front Acoustical Cover Installation (With
Accessory Drive)
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24875
1. Gear Case Cover 5. Bolt
2. Gear Case 6. Acoustical Cover
3. Acoustical Cover Snap 7. Acoustical Cover
4. Acoustical Cover Clip 8. Nut

Figure 1-173 Typical Group A Rear Acoustical Cover Installation (With
Accessory Drive)
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24786
1. Nut 4. Acoustical Cover
2. Bolt 5. Gear Case
3. Acoustical Cover Clip 6. Gear Case Cover

Figure 1-174 Typical Group B Front Acoustical Cover Installation (No
Accessory Drive)

All information subject to change without notice.
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24876

Gear Case Cover Bolt

Gear Case Acoustical Cover

Acoustical Cover
Nut

Acoustical Cover Snap

> o
@ N o o

Acoustical Cover Clip

Figure 1-175 Typical Group B Rear Acoustical Cover Installation (No
Accessory Drive)

All inf i bject to change without notice.
6SE483 0010 Copyright © 2000 DETROIT DIESEL CORPORATION

1-221



1.10 GEAR CASE COVER

S

2
)

i

=S

‘/A_,
2

24785
1. Nut 4. Acoustical Cover
2. Bolt 5. Gear Case
3. Acoustical Cover Clip 6. Gear Case Cover

Figure 1-176 Typical Group C Front Acoustical Cover Installation
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24876

Bolt

Acoustical Cover

b
.

Gear Case Cover

Gear Case
Acoustical Cover

Nut

Acoustical Cover Snap

P 0N
© N o o

Acoustical Cover Clip

Figure 1-177 Typical Group C Rear Acoustical Cover Installation
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1
24787
1. Bolt 4. Acoustical Cover
2. Nut 5. Gear Case
3. Acoustical Cover Clip 6. Gear Case Cover
Figure 1-178 Typical Group D Front Acoustical Cover Installation
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24873
1. Gear Case Cover 5. Bolt
2. Gear Case 6. Acoustical Cover
3. Acoustical Cover Snap 7. Acoustical Cover
4. Acoustical Cover Clip 8. Nut

Figure 1-179 Typical Group D Rear Acoustical Cover Installation
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1.11 GEAR CASE

The gear case housing is constructed of cast iron, with machined mating surfaces, and is bolted to
the front of the engine cylinder block. The gear case and gear case cover are bolted together to
provide a sealed compartment for the engine gear train. See Figure 1-180.

20150

1. Lifting Bracket 3. Gear Case Housing

2. Gear Case Cover

Figure 1-180 Gear Case and Gear Case Cover

Several components are mounted to the gear case, including the adjustable idler gear assembly,
see Figure 1-181, the fuel pump drive assembly, see Figure 1-182, the air compressor drive
assembly or raw water pump drive assembly, see Figure 1-183; the water pump assembly (1991
and later engines) see Figure 1-184; and the camshaft thrust plate and drive gear assembly

see Figure 1-199.
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20599
1. Gear Case 5. Adjustable Idler Gear
2. Diamond Dowel 6. Adjustable Idler Hub
3. Adjustable Idler Gear Locknut (3) 7. Adjustable Idler Gear Stud (3)
4. Adjustable Idler Gear Hub, Retainer 8. Round Dowel

Figure 1-181 Adjustable Idler Gear Assembly
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20152

1. Fuel Pump Drive Gear 5. Shaft and Bearing Assembly

2. Snap Ring 6. Fuel Pump Drive Hub

3. O-ring 7. Fuel Pump Drive Coupling
8.

4. Fuel Pump Drive Housing Fuel Pump Assembly

Figure 1-182 Fuel Pump Drive Assembly
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24392
1. Drive Housing 8. Drive Hub Flange Nut
2. Washers 9. Drive Housing Long Bolt
3. Drive Housing Short Bolt 10. Drive Shaft
4. Drive Ball Bearing 11. Drive Gear
5. Snap Ring 12. Drive Gear Bolt
6. Spacer ' 13. Drive Housing Gasket
7. Drive Hub 14, Gear Case Housing
Figure 1-183 Air Compressor or Raw Water Pump Drive Assembly
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20
12
20461
1. Retaining Bolt 11. Oll Seal
2. Washer 12. Water Pump Housing O-ring
3. Water Pump Drive Gear 13. Drain Cock
4. Snap-ring 14. Water Pump Housing
5. Bearing Race 15. Water Pump Housing Pipe Plug
6. Bearing 16. Water Seal
7. Spacer Rings (2) 17. impeller
8. Bearing 18. Water Pump Cover O-ring
9. Bearing Race 19. Water Pump Cover
10. Drive Shaft 20. Water Pump Cover Snap Ring
Figure 1-184 Water Pump Assembly
Al information subject to change without notice.
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SERIES 60 SERVICE MANUAL

To eliminate the possibility of oil leakage at the adjustable idler gear stud location, Detroit Diesel
recommends the following:

When rebuilding a Series 60 engine, or if the gear case is removed for any reason, the three
original adjustable idler gear studs should be removed and replaced with new studs.

Before pressing studs into the gear case, coat the shanks and underside of the stud heads with
Loctite® No. 242 Sealant. This will prevent any oil leakage around the studs during engine
operation.

The Timing Reference Sensor (TRS) is an electronic component that is bolted to the side of the
gear case on the intake (left) side of the engine just above the oil pan. See Figure 1-185.

TIMING
REFERENCE
SENSOR

20154

Figure 1-185 Timing Reference Sensor (TRS)
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1.11 GEAR CASE

The Synchronous Reference Sensor (SRS) is an electronic component that is bolted to the gear
case at the lower, intake (left) side of the engine. See Figure 1-186.

SYNCHRONOQUS
REFERENCE SENSOR
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Figure 1-186 Synchronous Reference Sensor
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SERIES 60 SERVICE MANUAL

BULL GEAR AND CAMSHAFT
IDLER GEAR ASSEMBLY

20156

An opening is provided in the center of the gear case, for the bull gear and camshaft idler gear

assembly, which bolts directly to the engine block. See Figure 1-187.

Bull Gear and Camshatft Idler Gear Assembly

Figure 1-187
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1.11  GEAR CASE

An access cover is provided at the rear of the gear case on the cooler (right) side of the engine.
This access cover provides an opening for inspection of the accessory drive assembly drive
gear. See Figure 1-188.

NOTE:
This access cover opening may be cast closed on the rear of the gear case.

ACCESSORY
DRIVE GEAR
ACCESS COVER
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Figure 1-188 Accessory Drive Gear Access Cover (Pre-1991 Engines)
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SERIES 60 SERVICE MANUAL

For gear lash measurement and adjustment procedures for the gears in the engine gear train,
Refer to section 1.21.2.1. :

An oil gallery is drilled in the gear case casting, for lubrication of the adjustable idler gear
assembly. A hole in the front of the cylinder block, indexes with the gear case gallery. At the edge
of the gear case the gallery is threaded for insertion of a plug. An exit hole feed