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FOREWORD
This Wrkshop Manual is designed to hel p you performnecessary
nai ntenance, service, and repair procedures on applicable Ingersol |- Rand
industrid eng nes.

Infornation contained in this Vidrkshop Minual is the | atest
avaladea thetine o pudication

Ingersol | -Rand reserves the right to nake changes at any tine wthout prior
natice
This Vidrkshop Minual is applicable to 1999 and | ater nodel s.

NOTI CE
Before using this Varkshop Minual to assist you in
perforning engi ne service and nai nt enance operati ons,
it is recoomended that you carefully read and throughl y
understand the infornation contained in Section - 1
under the headings “General Repair Instruction” and
“Notes on The Fornat of This Minual ~
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GENERAL REPAI R | NSTRUCTI ONS

1. Before perforning any service operation wth the engi ne nounted, di sconnect the groundi ng cabl e
fromthe bettery.
This wil reduce the chance of cabl e danage and burning due to short circuiting.

2 Awvays use the proper tod o tods for the job a hand.
Wiere specified, use the specialy designed tod or tods.

3. Wse genui ne | NGEERSOLL- RAND parts.

4. Never reuse cotter pins, gaskets, Orings, |lock vashers, and self locking nuts. D scard themas you
renove them Repl ace themw th new ones.

5. Avays keep disassentl ed parts neatly in groups. This wil ensure a snooth reassentl y operation.
It isespecialy inportant to keep fastening parts separate. These parts vary in hardness and desi gn,
depend ng ontheir instalation position

6. Al parts shoud be carefully cleaned before inspection or reassentl y.
Q! ports and other openings shoul d be cl eaned wth conpressed air to nake sure that they are
conpl etel y free of abstructions.

7. Rotating and sliding part surfaces shou d be | ubricated wth oil or grease before reassenl y.
8. If necessary, use a sed er on gaskets to prevent | eakage.

9. Nt and balt torque specifications shou d be carefully fd | oved.

10. Avays release the air pressure fromany nachi ne-nounted air tank(s) before di snounting the engine
or disconnecting pipes and hoses. To not do so is extrenel y dangerous.

11. Awvays check and recheck your work. No service operation is conpl ete until you have done this.

NOTES ON THE FORMAT OF THI S MANUAL

This Vérkshop Minual is applicable to INGERSAL-RANN\D industria engine or engines vhichis or are stated
intretitle

Wen nore than two engine nodel s are dealt in the nanual, such engi nes have comrmon parts and
conponents as wel | as data and speci fications, unl ess ot herw se specifi ed.

1 FAndthe gpplicabl e section by referring tothe Table of Contents at the beginning of the Minual .

2. Gnmon techni cal data such as general nai ntenance itens, service specifications, and tightening
torques are included in the “Greral Infornati o’ section.

The section ENGNE ASSEMBLY is an exception. This parts are divided in three sections to facilitates
i ndexi ng.

3. Each sectionis divided into sub-sections dealing wth di sassently, inspection and repair, and
reassentl y.
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4. \ien the sane servicing operationis gpplicable to severa different units, the nanud wll direct you
to the appropri at e page.

5. For the sake of brevity, sef-expanatory renova and instalation procedures are omtted.
Mr e conpl ex procedures are covered in detail.

6. Each service operation section in this VWrkshop Minual begins wth an expl oded viewaf the

applicable area. Abrief explanation of the natation used fd | ovs.

# Repair kit

Parts marked with an asterisk (*) are
included in the repair kit.

Parts within a square frame are to be
removed and installed as a single unit,
and their disassembly steps or reas-
sembly steps are shown in the
illustrations respectively.

The number tells you the service oper-
ation sequence.

Removal of unnumbered parts is unne-
cessary unless replacement is required.

The “* Repair Kit” indicates that a
repair kit is available.

> >

PONONEWN -

Disassembly Steps - 2

Water by-pass hose

Thermostat housing

Water pump

Injection nozzle holder

Glow plug and glow plug connector
Cylinder head cover

Rocker arm shaft and rocker arm
Push rod

Cylinder head

10. Cylinder head gasket
A 11, Crankshaft damper pulley with
dust seal
12. Timing gear case cover
13. Timing gear cover
14. Timing gear oil pipe
15. Idler gear “B” and shaft
16. Idler gear “A”
; 17. Idler gear shaft

The parts listed under “Disassembly
Steps” or “Reassembly Steps” are in
the service operation sequence.

The removal or installation of parts
marked with a triangle (A) is an
important operation. Detailed infor-
mation is given in the text.

Inverted Engine
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7. Below is a sample of the text of the Workshop Manual.

4. Camshaft Timing Gear «———————————— ]
1) Install the thrust plate (7).
2) Apply engine oil to the bolt threads (2)

3) Install the camshaft timing gear with the timing
mark stamped side facing out.

mshaft Timing Gear Bolt Torque kgf-m(Ib.ft./N-m)
11.0 £ 1.0 (795 £ 7.2/1078 £ 98) J

Cai
L

B

This is the item shown in the illus-
tration. It is marked with a triangle
(A) on the Major Components page.

Letters and numbers contained in a
circle refer to the illustration.

Special tools are identified by the

13. Crankshaft Rear Oil Seal

1) Apply engine oil to the oil seal lip circumfer-
ence and the oil seal outer circumference

2) Use the oil seal installer to install the oil seal to
the cylinder body

Oil Seal Installwe: 5-8840-0141-0 ~——————

@ )

tool name and/or number.

The illustration shows how the spe-
cial tool is to be used.

Symbols indicate the type of service

14. Flywheel Housing
1) Apply liquid gasket to the shaded area shown in
the illustration.

2) Tighten the flywheel housing bolts to the speci-
fied torque a little at a time in the sequence
shown in the illustration.

H Flywheel Housing Bolt Torque kgf-m(lb.ft./N-m)

M10x1.25 (0.40x0.05) Bolt ] 5.6+1.0 (40.5+7.2/ 54.9+9.8)
M12x1.25 (0.47%0.05) Bolt [ 10.541.0 (76.0+7.2/103.0+9.8)

M12x1.75 (0.47x0.07) Bolt ] 9.841.0 (71.0£7.2/ 96.0+9.8)

Bl

operation or step to be per-
formed. A detailed explanation of
these symbols follows.

Service data and specifications are
given in this table.

/T

8. The following symbols appear throughout this Workshop Manual. They tell you the type of service

operation or step to perform.

Removal

-

Installation

Disassembly

Reassembly

Alignment (marks)

Directional indication

B ol <2

Inspection

¢

Measurement

g [0

3

Adjustment

Cleaning

Important operation requiring extra care

Specified torque (tighten)

Special tool use required or
recommended(lsuzu tool or tools)

Commercially available tool use
required or recommended

Lubrication (oil)

Lubrication (grease)

Sealant application
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9. Masurenart criteriaare defined by the terns “standard’ and “lint”.

Aneasurenent falling wthinthe “standard range indicates that the applicabl e part or parts are
servi ceahl e.

“Linnt” shoul d be thought of as an absd ute va ue.

Aneasurenent whichis outside the “linnt” indicates that the applicabl e part or paas nust be either
repai red or repl aced.

IQ Gnponents and parts are listed in the singular formthroughout the Minual .
11 Drections used inthis Mnua are as fdl ovs:

Front
The coding fan side of the engine viewed fromthe fl ywhedl .

Rt
The right hand si de vi eved fromthe sane position.

Left
The | eft hand si de vi ewed fromthe sane position

Rear
The flywhed side of the engine.

G/ inder nunbers are counted fromthe front of the engine.
The front nost cylinder is No. ‘| and rear nast cylinder isthefind cylinder nunher of the eng re.

The engine’ s direction of rotation is counterclockw se viewed fromthe flywhed .
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MAIN DATA AND SPECIFICATIONS

Engine Model

Item

A-4JG1

Engine type
Combustion chamber type
Cylinder liner type

No. of cylinders - Bore x Stroke mm(in.)
Total piston displacement lit(cid)
Compression ratio (To 1)

*Engine dimensions mm(in.)

Length x Width x Height
*Engine weight (Dry) kg(lb.)
Fuel injection order

*Fuel injection timing (B.T.D.C.) degrees
Specified fuel
Injection pump
Governor

*Low idle speed min’

Injection nozzle

Injection starting pressure MPa(kgf/cm?/psi)
Fuel filter type

Water sedimentor (if so equipped)
MPa(kgf/cm?/psi)
mm(in.)

Compression pressure
Valve clearance (at cold) Intake
Exhaust mm(in.)

Lubrication method
Oil pump
Main oil filter type
Partial oil filter

*Lubricating oil volume lit.(gts)
Oil cooler (if so equipped)
Cooling method

Coolant volume lit.(gts)
Water pump
Thermostat type
*Alternator V-A
*Starter V-kW

Water cooled, four-cycle, in-line, overhead valve

Direct injection

Dry
4 -95.4 x 107

3.059 (186.7)
18.6
739 x 625 x 746
(29.1 x 24.6 x 29.4)
248 (547)
1-3-4-2
16
Diesel fuel
In-line plunger, Bosch A type

Variable speed mechanical type
850 - 1,000
Multi-hole type
18.1 (185/2630)
Cartridge papaer element
Sediment/water level indicating type
3.04 (31/441)

0.40 (0.0157)

0.40 (0.0157)
Pressurized circulation
Trochoid type
Cartridge paper element, full flow
Not equipped
7.6 - 9.6 (Oil pan)

Water cooled built in oil filter
Pressurized forced circulation
5.0 (5.3)

Belt driven, impeller type
Wax pellet type
12-50
12-2.2

Specifications marked with an asterisk (*) will vary according to engine application.
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TI GHTENI NG TORQUE SPECI FI CATI ONS
The tightening torque values given inthe table beloware applicabl e to the ba ts unl ess otherw se

spedi i ed

STANDARD BOLT N-m (kgf-m)

Bolt
Identification
Bolt
Diameter x
pitch (mm)
M6 x1.0 39~ 7.8{ 0.4~ 0.8} 49~ 98{ 0.5~ 1.0}
M8 x1.25 7.8~ 17.7{ 0.8~ 1.8} 1.8~ 226{ 1.2~ 2.3} 16.7~ 30.4{ 1.7~ 3.1}
M10 x 1.25 20.6~ 343{ 2.1~ 3.5} 275~ 46.1{ 2.8~ 4.7} 37.3~ 62.8{ 3.8~ 6.4}
* M10x15 19.6 ~ 33.4{ 2.0~ 3.4} 27.5~ 45.1{ 2.8~ 4.6} 36.3~ 59.8{ 3.7~ 6.1}
M12 x 1.25 49.1~ 73.6{ 5.0~ 7.5} 60.8~ 91.2{ 6.2~ 9.3} 75.5~114.0{ 7.7~11.6}
* M12x1.75 451~ 68.7{ 4.6~ 7.0} 56.9~ 84.4{ 58~ 8.6} 71.6~107.0{ 7.3~10.9}
M14x 15 76.5~115.0{ 7.8~11.7} 93.2~139.0{ 9.5~14.2} 114.0~171.0{11.6 ~ 17.4}
* M14x2.0 71.6~107.0{ 7.3~10.9} 88.3~131.0{ 9.0~13.4} 107.0 ~160.0 {10.9 ~ 16.3}
M16 x 1.5 104.0 ~ 157.0 {10.6 ~ 16.0} 135.0 ~204.0 {13.8 ~ 20.8} 160.0 ~240.0 {16.3 ~ 24.5}
* M16x2.0 100.0 ~ 149.0 {10.2 ~ 15.2} 129.0 ~ 194.0 {13.2~19.8} 163.0 ~230.0 {15.6 ~ 23.4}
M18x 1.5 151.0 ~226.0 {15.4 ~ 23.0} 195.0 ~293.0 {19.9 ~ 29.9} 230.0 ~ 345.0 {23.4 ~ 35.2}
* M18x25 151.0 ~226.0 {15.4 ~ 23.0} 196.0 ~294.0 {20.0 ~ 30.0} 231.0 ~346.0 {23.6 ~ 35.3}
M20 x 1.5 206.0 ~310.0 {21.0 ~ 31.6} 270.0 ~ 405.0 {27.5 ~ 41.3} 317.0 ~476.0 {32.3 ~ 48.5}
* M20x 2.5 190.0 ~ 286.0 {19.4 ~ 29.2} 249.0 ~375.0 {25.4 ~ 38.2} 293.0 ~440.0 {29.9 ~ 44.9}
M22 x 1.5 251.0 ~414.0 {25.6 ~ 42.2} 363.0 ~544.0 {37.0 ~ 55.5} 425.0 ~637.0 {43.3 ~ 64.9}
* M22x25 218.0 ~328.0 {22.2 ~33.4} 338.0 ~507.0 {34.5~51.7} 394.0 ~592.0 {40.2 ~ 60.4}
M24 x 2.0 359.0 ~540.0 {36.6 ~ 55.0} 431.0~711.0 {43.9 ~72.5} 564.0 ~831.0 {56.5 ~ 84.7}
* M24x3.0 338.0 ~507.0 {34.5~51.7} 406.0 ~608.0 {41.4 ~ 62.0} 521.0 ~782.0 {53.1 ~79.7}

An asterisk (*) indicates that the bolts are used for female threaded parts that are made of soft materials

such as casting.

10
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TI GHTENI NG TORQUE SPECI FI CATI ONS

The tightening torque values giveninthe table beloware applicable to the ba ts unl ess otherwse
speci fied
FLANGED HEAD BOLT

N-m (kgf-m)

Bolt

Bolt
Identification

Diameter x
pitch (mm)

M6 x1.0

46~ 85{ 05~ 0.9}

6.6~ 122{ 0.6~ 1.2}

M8 x1.25

106~ 196{ 1.1~ 2.0}

15.3~ 28.4{ 1.6~ 2.9}

18.1~ 33.6{ 2.1~ 3.4}

M10 x 1.25

23.1~ 385{ 2.4~ 3.9}

35.4~ 589{ 3.6~ 6.1}

423~ 70.5{ 43~ 7.2}

* M10x 15

223~ 37.2{ 2.3~ 3.8}

345~ 575{ 3.5~ 5.8}

40.1~ 66.9{ 4.1~ 6.8}

M12 x 1.25

549~ 823{ 5.6~ 8.4}

77.7~117.0{ 7.9~11.9}

85.0~128.0{ 8.7~ 13.0}

* M12x1.75

51.0~ 76.5{ 5.2~ 7.8}

71.4~107.0{ 7.3~10.9}

79.5~119.0{ 8.1~12.2}

M14x15

83.0~125.0{ 8.56~12.7}

115.0~172.0{11.7 ~ 17.6}

123.0~185.0 {12.6 ~ 18.9}

* M14x2.0

77.2~116.0{ 7.9~11.8}

108.0 ~ 162.0 {11.1 ~ 16.6}

116.0~173.0{11.8~17.7}

M16 x 1.5

116.0 ~173.0 {11.8 ~17.7}

171.0~257.0{17.4 ~ 26.2}

177.0 ~265.0 {18.0 ~ 27.1}

*

M16 x 2.0

109.0 ~164.0 {11.2~16.7}

163.0 ~244.0 {16.6 ~ 24.9}

169.0 ~253.0 {17.2 ~ 25.8}

A bolt with an asterisk (*) is used for female screws of soft material such as cast iron.

11




GENERAL | NFORMATI ON

QI SPECIAL PARTS FIXING NUTS AND BOLTS

Cylinder Head Cover, Cylinder Head, and Rocker Arm Shaft Bracket

N-m (kgf-m/Ib.ft)

8-18
(0.8 -1.8/5.8-13)

10-20
(1.0 -2.0/7 - 14)

49 - 59
(5.0 - 6.0/36 - 43)
1st Step 2nd Step 3rd Step
4-54 60 - 75° 60 - 75°
(4.5 - 5.5/30 - 40) - )

Apply engine oil to thread portion

12
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Q Crankshaft Bearing Cap, Connecting Rod Bearing Cap,
Crankshaft Damper Pulley, Flywheel, and Oil Pan

N-m (kgf-m/Ib.ft)

113-123
(11.56 - 12.5/83 - 90)

27 - 31 — 45° - 60°
(2.8 -3.2/20 - 23)

Apply engine oil to thread portion

157 - 177
(16 - 18/116 - 130)

Apply engine oil to thread portion

197 - 240
(20.1 - 24.5/145 - 177)

14-24
(1.4-2.4/4.4-7.2)

13
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al Timing Gear Case, Flywheel Housing, Camshaft, and Timing Gear

N-m (kgf-m/Ib.ft)

14-24
(1.4 -2.4/10 - 17)

M10 x 1.25

35 -45 (3.6 - 4.6/26 - 33)

M12x 1.5

74 -91 (7.5 -9.3/54 - 67)

(1.4 -2.4/10-17)

98- 118
(10 - 12/72 - 87)

10-15
(1.0-15/7-11)

(1.4-2.4/10-17)

®® f

S

98- 118
(10 - 12/72 - 87)

14
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Q Cooling and Lubricating System

N-m (kgf-m/Ib.ft)

14-24
(1.4-2.4/10-17)

14-24

-2.4/10-17)

(1.4

14-24
(10 -17/10-17)

14-24
(1.4-2.4/10-17)

14-24
(1.4 -2.4/10-17)

15
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D)

Intake and Exhaust Manifold

N-m (kgf-m/Ib.ft)

14-24
(1.4-2.4/10-17)

14-24
(1.4-2.4/10-17)

16
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a Engine Electrical

N-m (kgf-m/Ib.ft)

14-24 15-20
(1.4-2.4/10-17) (1.5-2.0/11-14)

14-24
(1.4-2.4/10-17)

66 - 86
(6.7 -8.7/49 - 63)

17
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Ql Fuel Injection System

N-m (kgf-m/Ib.ft)

%
S
I~
Y
&
20-39
ﬁ (2.0 - 4.0/14 - 29)

31-43
(3.2-4.4/23 - 32)

14-24
(1.4-2.4/10-17)

14-24
(1.4-2.4/10-17)

14-24
(1.4-2.4/10-17)

14-24
(1.4-2.4/10-17)

14-24
(1.4-2.4/10-17)

18
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Servicing refers to genera nai nt enance procedures to be perforned by qualified service personnel .
Mi ntenance interval such as fuel or oil filter changes should be refered to “I NSTRUCTI QN MAMNLAL".

(LICENCE BOSCH)

®~~~Identification number

In-line type
MAKER,
ASS'Y NO.L @
INJ.PUMP
ASS'Y NO. @

Distributor type

MCDEL | DENTI FI CATI ON

Engi ne Serial Nunfer
The engi ne nuntber is stanped on the rear |eft hand
side of the cylinder body.

| NDECTI ON PUVP | DENTI FI CATI ON

I nj ecti on va une shoul d be adj usted after referring to
the adj ustnent data applicable to the injection punp
irstd led

The injection punp identification nuntber (A is stanped
ontheinection punp identifications pae

Not e;

Avays check the identification nuniber before

begi nni ng a servi ce operati on.
Adicabl e service datawll vary according to the

i denti ficati on nuniver.

e of the wong service data wll resut in reduced
engi ne perfornance and engi ne danage.

1 Z28. (Mnufacturer of the injection punp) identifi-
cati on nunier

LUBRI CATI NG SYSTEM

Min Ol Flter

Repl acenent Procedur e

1 lossenthedrainpugtodantheegneal.

2. Vdit afewmnutes and then retighten the drain
Hug

3 Losenthe used al filter by tuningit couterc ock-
wse wth afilter wench

20



4 CGenthedl coder fitting face
Thiswll dlonvthe rewal filter to sest properly.

MAI NTENANCE

[

5 Adyaligt coat of egreal tothe Gring

6 Tuninthenewdl filte util thefilter Grirmgis
fitted agginst the seding face.

7. Beafilter wechtotuninthefilter anaddtiod
lad!l/4d atun
Flter Wench

8 Geck theengine ol level and replenish to the spec
ifiedled if reqired

9. Sart the engine and check for oil |eakage fromthe
rndl filte.

FUEL SYSTEM
Rd Flter
Repl acenent Procedur e

1 Loosenthe used fudl filter by tuningit couter-cl ockwse
wththe filter wench
Hlter Wench

2. Qean the upper cover fitting face
Thiswll dlowvthe newfud filter to seast properly.

3 Adyaligt coat of engreal tothe Gring

4. Sy fud tothe rewfud filter tofadlitae deeding

5 Tunintherewfud filte util thefilter Grirgis fit-ted
agai nst the sed ing face.
B very carefu toavaid fud spillage

6. Weafiltee wexhtotuninthefud filter an add-tiod
1/3to23d atun

21
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L

Air bleeding few
I S
T\iL@ui

it

Ar Beeding
1. For the engine equipped wthinline typeinection
punmp

I) Loosen the prining punp cap on the injection
punmp

2 Loocsenthe fud reeurnee bdt onthe fud filter.

3) Qrerate the prinming punp until there are no nore
bubbles visible inthe fue bei ng di scharged fromthe
fud reuneebdt onthe fud filter.

4 Rtigtenthefud reeuneebdt onthe fud filter.

5) Loosen the bleeder bat while operating the
injection punp prining punp to check that the air
has been bl ed conpl etel y.

6) rerate the prining punp several tines to check
for fuel |eakage around the injection punp and the
fud filte.

2. For the engine equipped wth d stributor typeinec-
tion punp

I) Loosen the bl eeder screwon the injection punp
overfl owval ve.

2) (perate the priming punp until fuel mixed wth
foamfl ows fromthe bl eeder screw

3) Tighten the bl eeder screw

4) perate the priming punp several tines and check
for fud |eskage

22
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I nj ection Nozzl e

I nj ection Nozzl e | nspection
e a nozzl e tester to check the injection nozzl e
openi ng pressure and the spray condition.

If the opening pressure is above or bel owthe speci -
fied value, the injection nozzl e nust be replaced or
recondi ti oned.

If the spray coditionis bad, the injection nozzl e nost
be repl aced or recondi ti oned.

I nj ection Nozzl e Qpeni ng Pressure
MPa (kgf/ cne/ps)

18.1 (185/2,630)

Soray Gondition

(1) Qrrect

(2 Incarrect (Rstrictios inarifice)
(3 Incorrect (Oippng)

I nj ecti on Nozzl e Adj ust nent
1 Gaptheinectionnozzlein avise

2. ke awench to renove the injection nozzl e
reanngnu.

3 Imstdl theinectionnozzle 1, thepwshrod 2, the
spring 3, and adj usting shim4.
Retai ning Nt Tor que
Nm(kgf. nil b.ft)
P-4H9(40-5029-

4. Atachtheinection nozzle hd der totheinection
nozzl e tester.

5 Ay pressure to the nozzl e tester to check that
the injection nozzl e opens a the specified pressure.

If the injection nozzl e does not open at the specified
pressure, instal or renove the appropriat e nunber
o aduwtingshing toadust it.

A usting SimAvai laility

mgin.)
0.1-0.59 (0. 0039-0. 023)

WARNI NG:

TEST FLU D FROM THE | NJECTI ON NQZZLE
TESTER W LL SPRAY OUT UNDER GREAT
PRESSURE. | T CAN EASILY PUNCTURE A
PERSON S SKIN. KEEP YOUR HANDS AVAY
FROM THE | NJECTI ON NOZZLE TESTER

AT ALL TI MES.
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COOLING SYSTEM

Moling Fan rive Bel t
Fan belt tensionis adusted by noving the aternator.
A Qankshaft danper pul | ey

B Aternatar puley
C dingfan drive puley

D Depress the drive belt nid-portion wtha 9B N(10
kg/22 Ihft) face

Dive Bt OEflection
MM(IN)
10.0 (0.39

Ther nost at
Qperati ng Test
1. onpletely subnerge the thernostat in water.

2 Heat the vater.

Sir the vater constantly to avoid drect heat being
applied to the thernastat.

3. Gheck the thernostat initia opening tenperature.

Thernostat Initia Cpening Tenperature
C(h
82(180)

4. (heck the thernostat full opening tenperature.
Thernostat Ful | (peni ng Tenper at ur e

C(h
% (23)

\ave Lift a FUly (pen Rosition
nm(in.)

8.0 (0.31H

1. Thernost at

2 Agtaing Rd

3. Woden A ece
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VALVE CLEARANCE ADJUSTMENT

1 Rtighten the rocker armshaft bracket batsin
sequence as shom intheillustration.

Rocker AmShaft Bracket Bolt
Torque N-m (kgf-m/lb.ft)
49-59 (5-6/36-43)

2 Bingthepstoninether theN. 1cylinder or the
No. 4 cylinder to TDC on the conpressi on stroke by
turning the crankshaft until the crankshaft danper
pdley TBClireis digned wth the tining pointer.

3. Qeck for pay inthe No. 1 intake and exhaust
val vepush rods.

If the No. 1 cylinder intake and exhaust val ve push
rods have play, the No. ‘1 pistonis a TBConthe
conpr essi on st roke.

If the No. 1 cylinder intake and exhaust val ve push
rods are depressed, the No. 4 pistonis a TDConthe
conpr essi on st roke.

Adust the No. 1 or the No. 4 cylinder vave clear-
ances Wi le their respective cylinders are at TDC on
the compressi on stroke.

Val ve d earance mmgin.)
0.40 (0.016)

Loosen each val ve cl earance adj usting screw as
shon intheillustration. (A TOCon the conpressi on
stroke of the No. 1 cylinder)

Insert afeder gauge of the appropriate thi ckness
between the rocker armand the val ve stemend.

4. Turn the val ve cl earance adj usti ng screwuntil a
sligt dagcanbe fet onthe fed er gauge

5 Tigtenthe lock nut securdy.
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Rotate the crankshaft 360 degree.

Real i gn the crankshaft danper pulley TDCline wth
the tining pa nter.

Adjust the cl earances for the renaining val ves as
shon intheillustration. (A TOCon the conpression
stroke of the No. 4 stroke)

I NDECTI ON TI M NG
Injection Tining Gonfirnati on Procedure
1. Inlinetypeinection punp

1) Rotate the crankshaft clockwse to aign the cam
shaft gear tinming nark “0" wth the tining gear
case cover pointer.

The No. Lcylinder wil nowbe a the point were
nearly inection tining

2 Renove the No. 1 fuel injection pipe

3) Renove the ddivery valve hoder 1, the ddivery
valve spring 2, ad the ddivery vdve 3.

4) Tigtenthe ddivery valve hd der to the specified
torque.

Del i verv Val ve Hbl der Torque Nem(kgf ~mil b. ft)
P4 (4045293

5) (perate the injection punp prining punp whil e
slony ratating the cranksheft util fud stops flowing
fromthe ddlivery val ve hd der.

6) nformthat the crankshaft danper pul | ey
notched line is aigned wth the tining gear case
cover poirnter.

Injection Timng (Satic BID)
16 degree

7) Renove the delivery val ve hol der.

8 Imstdl theddivery vave 1, the ddivery vd ve
spring 2, and the ddivery va ve hd der 3.

9 Tightenthe ddlivery val ve ha der to the specified
torque.

10) Instal the fud injection pipes ad tighten themto
the speci fied torque.

Fuel Iniection Fpe Torque Nm(kgflmilb. ft)
20-39 (2-4/15-29

11) uerationto ar breeding.
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MAI NTENANCE 2. Dstributor type inection pup

) Rotate the crankshaft cl ockwse to aign the cam
shaft gear tinming nark “.Q wth the ti ning gear
case cover pointer.

The No. Lcylinder wil nowbe a the point were
nearly inection tining

2) Renove injector punp distributor head pl ug.
3 Ft add gageadsa lift to1 nn(0.00 in).
4) St crankshaft danper pul ley Top Dead Genter

nark about 45" before Top Dead Genter fromthe
paner.

5 St dd gaueinthe 0" position
L & - @I 6) Turn the crarksheft alittle rigtwse and | eftwse
W) O’ Z| | adseeif thepdrter isstadeinthe “0" position
] -
e 7) Turn the crankshaft in the nornal direction and
— read the neasuring device's indication at TOC
S Sy “_; Sarting Timng mgin.)
| T 05(0.0)

8 If theinectiontinmngis outside the specified range,
cotinue wth the fd | owng steps.

9) Loosen the injection punp fixing nuts and bracket
kdts

1Q Adust the inection punp setting ang e.

If inectiontinng wll be advanced, nave the
i nj ection punp avay fromthe engine.

If inectiontinng wll beretarded nove the
injection punp tovard the eng ne.

080ES003

Tighten, the punp fixing nut, adjust bolt and punp
dstribution head plug to the specified torque

Punp Fxing Bolt Nnfkgf-nilb.ft)

19 (L9149

I nj ection Punp

Dstributor Head A ug N nfkgf -mil b. ft)
17 (1712
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COMPRESSI ON PRESSURE MEASURE-

MENT

1 Sat theegneaddlowit torunfor severd
nmnutes to warmit up.

2 Soptheengne and cut the fud supply.

3. Renove all of the g owplugs fromthe engi ne.

Conpr essi on Gauge : 54368691
Adapt er : 54368709

4, Set a compressi on gauge to the No. 1 cylinder
dowplug hae.

5 Turnthe engine over wth the starter notor and
take the conpressi on gauge readi ng.

Conpr essi on Pressure MPa (kgf/cne/psi) a 200
rpm

St andard Li nnt
3.04 (31 441) 22 (2313
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RECOMMENDED LUBRICANTS

ENGINE TYPE TYPES OF LUBRICANTS
- Diesel engine oil
Without turbocharger CC or CD grade
. Diesel engine oil
With turbocharger CD grade

ENGINE OIL VISCOSITY CHART

[Single grade]

ENGINE OIL VISCOSITY GRADE - AMBIENT TEMPERATURE

SAE 10W-30 :

Ambient -30°C -15°C -0°C 15°C 25°C  30°C
Temperature | (-22°F) {5°F} (32°F) (59°F) (T7°F) (86°F)
[Multi grade] |
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ENG NE REPAIR KI T

Al o the nunered parts listed beloware included in the Bngine Repair Kt.
The gaskets narked wth an asterisk (*) are asoincludedinthe Top Grerhaul Kt.

20

* 1. G/linder head gasket 11 . Witer punp gasket
* 2. G/linder head cover gasket 12, Vvdter outlet pipe gasket
* 3. Head cover cap nut gasket *13 . Thernostat housi ng gasket
4 . Dain cock gasket *14 . Intake nani fol d gasket
5. Gankshaft rear ol sed *15 . Exhaust nanifol d gasket
6 . Gear case gasket 16 . Qanksheft front ol sed
7 . Gear case cover gasket *17 . Nozzle holder Gring
8. QI pan drain pl ug gasket *18. Nbzzl e hol der gasket
9. Ol pan gasket 19. Joint bat gasket
10. Ol filter gesket 20. Vacuum punp pi pe gasket
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BENGNE ASH\RY
&N SR PITON

Thisillustrationis based onthe A4JA engnein 4 series.

The 4 Sries of industria engines features the unique troidal square conustion chanber. This
desi gn provi des superior fuel econony for a wde range.

Auto-thernatic pistons wth cast sted struts are used to reduce thernal expansi on and resul ting engi ne
noi se wien the engine is cad.

CGrone plated dry type cylinder liners provide the highest duradility.

The lamnated steel sheet cylinder head gasket is very durabl e.

This type of gasket eimnates cylinder head bat retighteni ng.

The tufftrided crankshaft has along service life. Because it is tufftrided, it cannat be reground.

The crankshaft nai n bearings and the connecting rod bearings are al uninumpl ated. These bearings are

especid |y sersitive to foreign naterial such as netal scraps. It is very inportant thet the ol ports ad
other rdated parts be kept clean and free of foreign nateria.
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**| DISASSEMBLY

-

These disassembly steps are based on the A-4JG1 engine.

18 17 16 3 78 5 12 11 13 10

5
)
iy

0)
T
— ..

TES 3= {1
imieSyif sy + +4] | .
H H
S [ 5 T H HE
1 o =e\_, : = | !J 3
() c;ﬂ L ) = N
J_
A SRS
15 19 4 2 1 6 9 14

O sassenbly Steps - 1 .
1. @oling fan and spacer 10 Rl lek off pipe _
2@ding fan drive bel t “IL R inectionppewthdip
3 @ding fan drive puley 12 Injection punp
4 Aterrator and ad usting plate 13. Intake nanifaod
5Rd ppe (Rd filter to 14. Sate

i nj ecti on punp) ]5.G)If|!ter
6.Fe pipe (RE filter tofeed pup) 16. GJolllngV\aIer_rubber hose
7.Fd pipe (RE filter lesk off) 17. @aing veter intake pipe
8RA filte *18 . Exhaust nanifol d.

9.0 pipe (Injection pup to cyli nder 19. Siffrer (RV&LH

body)
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W Inportant (perations (D sassenbly Seps - ‘1)

11. Fuel Inection Hpewth Qip

I) Loosen the injection pipe sleeve nuts a the ddivery
va ve side

Dp nat apply excessi ve force to the injection pipes.

2 Lossentheinection pipe dips.

3) Renove the injection pipes.

12. Injection Punp
1) Renove the six injection punp bracket bolts from

the cylinder body tining gear case.

2) Renove the injection punp rear bracket bolts from
the rear bracket.

3) RUl theinection punp wth the inection punp
tining gear free fromthe rear.

Not e:

Hug the inection punp delivery ho der ports wth the
shippi ng caps (or the equiva ent) to prevent the entry
o faodgnnaterid.

18. Exhaust Manifol d
Loosen the exhaust nanifdd bdts alittle a atine
inthe nunericd order shomintheillustration
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* Repair kit

Disassembly Steps - 2

| 4

>

>

COoNOO~WON =

Water by-pass hose

Thermostat housing

Water pump

Injection nozzle holder

Glow plug and glow plug connector
Cylinder head cover

Rocker arm shaft and rocker arm
Push rod

Cylinder head

35

10.
11.

12.
13.
14.
15.
16.
17.

Cylinder head gasket
Crankshaft damper pulley with
dust seal

Timing gear case cover (Option)
Timing gear cover

Timing gear oil pipe

Idler gear “B” and shaft

Idler gear “A”

Idler gear shaft

Inverted Engine
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* Repair kit

Disassembly Steps - 3

1.
A 2.

2a.

o w

No

Oil pan

Flywheel

Rear flywheel (If so equipped)
Flywheel housing

Oil pump with oil pipe
Camshaft with camshaft timing
gear and thrust plate

Timing gear case

Connecting rod cap with

lower bearing

> >

10.
11.
12.
13.
14.
15.

36

Piston and connecting rod with

upper bearing

Crankshaft bearing cap with

lower bearing

Crankshaft thrust bearing

Crankshaft with crankshaft timing gear
Crankshaft upper bearing

Tappet

Crankshaft rear oil seal

Cylinder body




ENGINE ASSEMBLY (1)

V Inportant (perations (O sassenbly Seps - 2)

[

37

4. Injection Nozzl e Hil der
1) Renove the nozzl e hol der bracket nuts.

2) We the nozzl e hol der renover and the sliding
hanmer to renove the nozzl e hol der toget her
wth the hd der bracket.

Siding Hammer: 54368790

7. Rocker Arm Shaft and Rocker Arm
Loosen the rocker armshaft bracket bolts in nuner-
icd adx alittleda atimn

Not e:

Failue toloosen the rocker armshaft bracket bdts in
nuaricd ader alittlea atinewll adversdy effect
the rocker armsheft.

9. G/linder Head
Loosen the cyl inder head bolts in nunerica order a
littlea atime

Not e:

Failure to | oosen the cylinder head bats in nuneri cal
adr alittlea atinewll adversdy effect the cylinder
head | over surface.
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W

—

@T‘\“‘E"'%ﬂ//’
>

11. Qankshaft Danper Pulley wth Dust Seal
1) Bock the flywhed wth a piece of wod to pre-
vat it fromturnng

2) Wse the danper pull ey renover to renove the
danper pul | ey.

16. lder Gar “A

Measure the canshaft tining gear backl ash, the
crankshaft timng gear backl ash, and the id er gear
“A endplay beforerenoving the id er gear “A
and sheft.

Timng Gear Backl ash Measur erent

1) St add indcao tothetining gear to be nea
sured.

Hl d both the gear to be checked and the adj oi ning
Oear stationary.

2) Mve the gear to be checked as far as possible to
baththe rigt andthe | eft.

Take the dd indicator read ng.
If the neasured val ue exceeds the specified |init,
the tining gear nust be repl aced.

Timing Gear Backlash mm(in.)
GEAR Standard
CAM ~ IDLE (A) 0.032-0.060
CRANK ~ IDLE (A) 0.032-0.066
IDLE (A) ~ IDLE (B) 0-0.035
IDLE (B) ~ INJ. PUMP 0-0.029

Idler Gear “A’" End P ay Measurenen't

@ Insert afee er gauge between the id er gear and the
thrust collar to neasure the gap and deternine the
ider gear end play.

If the neasured val ue exceeds the specified limt, the
thrust cdlar nost be repl aced

lder Gar EdRay miin)
Standard Limit
0.08 ~ 0.18 (0.003-0.007) 0.30(0.012)
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V Inportant (perations (O sassenbly Seps - 3)

2. H ywheel
1) Bock the flywhed wth a piece of wod to pre-

vet it fromtunng

2 Loosenthe flywhed bdtsalittlea atineinthe
nunerica order shomintheillustration

5. Ganshaft with Canshaft Tining Gear and
Thrust Hate
1) Renave the thrust plate bats.

2 Rl the canshaft free a ong wth the canshaft
tining gear and the thrust plate.

Not e

Be careful not to danage the canshaft journal, the
cam and the canshaft during the di sassenbly

pr ocedur e.

7. Gonnecting Rod Cap with Lower Bearing

If the connecting rod | oner bearings areto be rein
staled nark their fitting positions by tagg ng each
bearing wth the cyl i nder nunfber fromwvhichit was
r enoved.

8. A ston and Gonnecting Rod with Uper Bearing
1) Renove carbon deposits fromthe upper portion
of the cylinder val wth a scraper before renov-ing
the pi ston and connecti ng rod.

2) Mwve the pistonto the top of the cylinder and
tapit wth a hanmer grip or simlar ogect from
the comecting rod lover sideto driveit au.

If the connecting rod upper bearings areto be rein
staled nark their fitting positions by tagg ng each
bearing wth the cyl i nder nunfber fromwvhichit was
r enoved.

39



ENGINE ASSEMBLY (1)

9. Gankshaft Bearing Gap wth Lower Bearing
1) Masure the crankshaft end play at the center
journd o the cranksheft.

Do this before renovi ng the crankshaft beari ng caps.

If the neasured val ue exceeds the specified
lint, the crankshaft thrust bearing nust be

repl aced.
Crankshaft End Play mm(in.)
Standard Limit
0.10 (0.0039) 0.30(0.0118)

2) Loosen the crankshaft bearing cap bats in
nuaricd arder alittlea atine

If the cranksheft bearings are to be reinsta |l ed,
nark their fitting positions by tagg ng each
bearing wth the cylinder nuniber fromwhich it
was renoved.

12. Gankshaft Upper Bearing

If the crankshaft upper bearings areto be reinstd | ed,
nark their fitting positions by tagg ng each bearing
wth the cylinder nunber fromwhich it was renoved.

13. Tappet
If thetgypets aeto beremstdled nark thair fitting

posi ti ons by tagg ng each tappet wth the cyl i nder
nunier fromwhi ch it was renoved.

14. Gankshaft Rear Q1 Seal (Axia Type)
Renove the fl ywheel housi ng.

Wth the ol sed pushedin deep, instdl the specid
tod as shomintheillustration ad renave the ol
sed .

Ol Seal Renover: 54368865
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«+| DISASSEMBLY

-

SINGLE UNIT

ROCKER ARM SHAFT AND ROCKER ARM

Disassembly Steps

A 1. Rocker arm shaft snap ring 5. Rocker arm shaft spring
A 2. Rockerarm 6. Rocker arm shaft snap ring
A 3. Rocker arm shaft bracket 7. Rocker arm shaft

4. Rocker arm
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\/
V I nportant (perations

1. Rocker AmShaft Snap R ng

2. Rocker Arm

3. Rocker Arm Shaft Bracket

1) Weapar of snapringpierstorenave the

snap rings.
2) Renove the rocker arns.

3) Renove the rocker armshaft bracket.

If the rocker arns and rocker armshaft brackets
aetoberamstdled nark their imstdlation
posi ti ons by taggi ng each rocker armand rocker
armshaft bracket wth the cylinder nuner from
which it was renoved.
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CYLINDER HEAD

4
Disassembly Steps
A 1. Splitcollar 5. Valve stem oil seal
2. Valve spring upper seat 6. Valve spring lower washer
3. Valve spring 7. Cylinder head
A 4. Intake and exhaust valves
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Inportant Qperations

1.3t Ala
) Race the cylinder head on a flat wooden
suface.

2) e the spring conpressor to renove the split
odla.

b nat dlowthevavetofdl fromthe cylinder
head.
Sori ng Gonpr essor: 54368717

4. |Intake and Exhaust \al ve

If the intake and exhaust valves are to be reinsta | ed,
nark their installation positions by tagg ng each
valve wth the cylinder nunber fromwhichit was

r enoved.

If there is excessive val ve wear or danage, the val ve
nust be repl aced.

Refer to Page 50 of “Inspection and Repai r” for the
val ve and val ve seat insert procedure.

Not e
If there is excessive val ve gui de vear or danage, the
val ve gui de nust be repl aced.

Refer to Page 49 of “Inspection and Repai r” for the
val ve gui de repl acenent procedure.

The val ve and the val ve gui des nust be repl aced as
aset. Never repace oy one or the other.
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PISTON AND CONNECTING ROD

Disassembly Steps

A 1. Connecting rod bearing 5. Connecting rod

A 2. Pistonring A 6. Piston pin snap ring
A 3. Piston pin snap ring A 7. Piston

A 4. Piston pin
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%

| nportant Qper at i onsl npor t ant
Qper ati onsl nportant Qper ati ons

1. Gonnecting Rod Bearing

If the connecting rod bearings are to be reinsta | ed,
nark their fitting positions by tagg ng each bearing
wth the cylinder nuner fromvwhichit vas

r enoved.

2. Aston Rng
) Ganp the connecting rod in a vise
Take care not to danage the connecting rod.

2 Weapistonpnrepacer torenove the piston
rings.
F ston Rng Repl acer

Db not attenpt to use sone other tod to
renove the piston rings. Hstonring stretching
wll resut inreduced piston ring tension

3. AHston An Sap Rng

4. Fiston An Sap Rng
Weapar of snapringplierstorenove the piston

pin snap rings.

5 Hston An

7. Hston

Tap the piston pin out wth a hamer and a brass
ber.

If thepstos aetoberenstdled nark ther imstd-
laian

posi ti ons by tagg ng each piston wth the

cyl i nder nuntoer fromwhich it was renoved
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CAMSHAFT, CAMSHAFT TIMING GEAR, AND THRUST PLATE

Disassembly Steps

A 1. Camshaft timing gear 3. Feather key
A 2. Thrust plate 4. Camshaft
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V Inportant Qperations

1. Ganshaft Timng Gear

2 Thrust Hate

1) Ganp the canshaft in a vise.

Take care not to danage the canshaft.

2 Wethewiversd pdler 1topdl out the
canshaft tining gear 2.

3) Renove the thrust plate 3.
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&

| NSPECTI

ON AND REPAI R

Mke the necessary adj ustnents, repairs, and part repl acenents if excessive wear or danage i s

di scovered during i nspecti on.
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CYLI NDER HEAD

Oyl inder Head Lower Face Vér page

1 We astraight edge and a feel er gauge to neasure
the four sides and the tvo d agonal s of the cylinder
head | over face.

2. Regrind the cylinder head | over face if the nea
sured val ues are greater than the specified lint but
| ess than the naxi numgri ndi ng al | onance.

If the neasured val ues exceed the naxi numgri nd-
ing alonance, the cylinder head nust be repl aced.

Cylinder Head Lower Face Warpage mm(in)
Standard Limit Maximum Grinding
Allwance
0.05
(0.002) or less 0.2 (0.008) 0.3(0.012)
Cylinder Head Height (Reference) mm(in)
Standard Limit
91.95 (3.620) - 92.05 (3.624) 91.65 (3.60)
Not e:

If the cylinder head | over face is reground, va ve
depr essi on nust be checked.

Exhaust Manifold Ftting Face Vérpage

Lbe a straight edge and a feel er gauge to neasure
the nanifd d cylinder head fitting face varpage.
Regrind the nanifd d cylinder head fitting faces if the
neasured val ues are greater than the specified |imt
but |ess than the naxi numgrindi ng al | onance.

If the neasured val ues exceed the naxi numgri ndi ng
a | onance, the cylinder head nust be repl aced.
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Manifold Fitting Face Warpage mm (in)
Standard Limit Maximum Grinding
Allwance
0.05
0.002) or less | 0-2(0-008) 0.4(0.016)
VALVE GUI DE

Val ve S emand Val ve Qui de d earance

Measuring Method - |

1 Wththe vd ve steminserted inthe va ve qui de, set
thedd indcaa needeto“0'.

2. Mve the val ve head fromside to side.
Radthedad indcaor.

Ntethe highest dd indcaion

If the neasured val ues exceed the specified |init,
the val ve and the val ve gui de nust be repl aced as a

.
Valve Stem Clearance mm(in)

Standard Limit
Intake Val 0.039 - 0.071 0.20
ntake valve (0.0015 - 0.0028) {0.008)
0.064 - 0.096 0.25
Exhaust Valve (0.0025 — 0.0037) (0.0098)

Measuring Method - 11
1. Masure the val ve stemoutsi de di angter.
Refer tothe ltem“\Val ve SemQitsi de D aneter”.

2 Weacaiper cdibrator or atel escoping gauge to
neasure the val ve gui de i nsi de di aneter.

Val ve Qui de Repl acenent
Val ve Qli de Renoval

se a hamer and the val ve gui de repl acer to drive
out the val ve guide fromthe cylinder head | over face.

Val ve Qui de Repl acer: 54368725
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Val ve Giide I nsttillation
1 Aply engnreal tothe vave quide outer circunfier-
ence.

2. Atach the val ve guide repl acer to the val ve gui de.

3. ke a hamer to drive the val ve guide into posi-
tion fromthe cylinder head upper face.

Val ve Gui de Repl acer: 9-8523-1212-0O

4. Masure the height of the val ve gui de upper end
fromthe upper face of the cylinder head.

Valve Guide Upper End Height (H)
(Reference) mm({in)

| 13.0 (0.512)
Nbt e: '

If the val ve gui de has been renoved, both the val ve
and the val ve guide nust be repl aced as a set.

VALVE AND VALVE SEAT | NSERT

Val ve S em Qut si de D anet er
Masure the val ve stemd aneter at three points.

If the neasured val ue i s | ess than the specified |innt,
the val ve and the val ve gui de nust be repl aced as a
.

Valve Stem Outside Diameter mm(in)
Standard Limit
ntake Val 7.946 - 7.961 7.88
ntake Valve (0.3128 - 0.3134) (0.3102)
7.921-7.936 7.88
Exhaust Valve | 4 3115_0.3124) (0.3102)

Val ve Thi ckness
Measur e t he val ve t hi ckness.
If the neasured val e i s | ess than the specified |innt,

the val ve and the val ve gui de nust be repl aced as a
.

Intake and Exhaust Valve Thickness mm(in)
Standard Limit
Intake Valve 1.79 (0.070) 1.1 (0.043)
Exhaust Valve 1.39 (0.0547) 1.1 (0.043)
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Val ve Depressi on
1 Imstadl thevave ltothe cylinder head 2 .

2. e a depth gauge or a straight edge wth sted
rul e to neasure the val ve depressi on fromthe
cylinder head | over surface.

If the neasured val ue exceeds the specified |init,
the val ve seat insert nust be repl aced.

Valve Depression mm(in)
Standard Limit
Intake 0.65 (0.026) 1.28 (0.050)
Exhaust 1.10 (0.043) 1.60 (0.063)

Val ve Gont act Wdth

1. Check the val ve contact faces for roughness and
unevenness.

Mike snoot h the val ve contact surfaces.
2. Masure the val ve contact wdth.

If the neasured val ue exceeds the specified |init,
the val ve seat insert nust be repl aced.

Valve Contact Width mm(in)
Standard Limit
Intake 1.7 (0.067) 2.2 (0.087)
Exhaust 2.0 (0.079) 2.5(0.078)

T

Val ve Seat | nsert Repl acenent
Val ve Seat Insert Renoval

1 Acwedthe ertireinside circunierence 1 of the
vd ve sea imsert 2

2 Alowthe valve seat imsert tocod for afewmn
ues.

This wll invite contracti on and nake renoval of the
vd ve sedt imsert essier.
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3 e ascrendriver 3to pry the val ve seat insert

» free
[
Take care not to danage the cylinder head 4 .

4. Grefully renove carbon and other foreign naterial
fromthe cylinder head i nsert bore.

e
L Jo|be
AN
® [: J \al ve Seat Insert Installation
| 1 Cxefuly place the attachnent 1 (having a snal | er
N\ - outside di aneter than the val ve seat insert) on the
o vadve sedt imsart 2.
Nwwg Evrmﬂ Nbt e:
3 / The snoot h side of the attachnent nust contact the

vd ve seat imsert.

2. ke a bench press 3to gradually apply pressure to
the attachnent and press the val ve seat insert into
pl ace.

Not e
Do not apply an excessi ve anount of pressure wth
the bench press. Danage to the val ve seat insert will
resut.

Val ve Seat Insert Gorrection
1. Renove the carbon fromthe val ve seat insert sur-
face

2 Weavavecutter (15%, 455, and 75’ bl ades) to
nmini nze scratches and aother rough areas. This will
bring the contact wdth back to the standard val ue.

Renove only the scratches and rough areas. Db not

cut away too nuch. Take care not to cut away
unbl ennshed areas of the val ve seat surface.

| Valve Seat Angle : 45°

Not e:
e an adj ustabl e val ve cutter pilat.
Do nat alowthe valve cutter pila to wobbl e inside the
val ve qui de.
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3. Apply abrasi ve conpound to the val ve seat insert
surface,

4. Insert the va ve into the va ve qui de.

5 Tunthevadvewiletapngit tofit the va ve seat
i reart.

6. (heck that the valve contact wdthis correct.

7. Geck that the valve seat insert sufaceisin
cotact wth the entire circutherence of the va ve.

VALVE SPRI NG
Val ve Soring Free Hei ght
e a vernier caliper to neasure the va ve spring free

hei gt

If the neasured val e i s | ess than the specified |innt,
the val ve spring nust be repl aced.

Valve Spring Free Height mm(in)
Standard Limit
49.7 (1.96) 48.2 (1.90)

Valve Soring Inclination

se a surface plate and a square to neasure the

va ve spring indinetion

If the neasured val ue exceeds the specified limt, the
val ve spring nust be repl aced.

Valve Spring Inclination mm(in)
Standard Limit
1.5 (0.06) or less ‘ 2.5 (0.098)

Val ve Spring Tensi on

e a spring tester to neasure the val ve spring
tension

If the neasured val e i s | ess than the specified |innt,
the val ve spring nust be repl ace.

Valve Spring Tension N(kgf/Ib)
Compressed Height Standard Limit
. 254 225
38.9 mm (1.83 in) (25.9/57) (23/51)
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ROCKER ARM SHAFT AND ROCKER

ARM

Rocker Arm Shaft Run- Qut

1 Hace the rocker armshaft on a \Ahl ock.

2 Weada indicaor to neasure the rocker arm
sheft centra portion rutou.

If therurou is very sligt, corect the rocker am
shaft run-out wth a bench press. The rocker arm
nust be at col d cond tion.

If the neasured rocker armshaft run-out exceeds
the specified lint, the rocker armshaft nust be
repl aced.

Rocker Arm Shaft Run-Out mm({in)
Standard Limit
0.2 (0.008) 0.6 (0.024)

Rocker Arm Shaft Qutside D anet er
Lse a mcroneter to neasure the rocker armfitting
portion outsi de di aneter.

If the neasured val ue i s | ess than the specified |innt,
the rocker armshaft nust be repl aced.

Rocker Arm Shaft Outside Diameter mm(in)
Standard Limit
18.98 - 19.00 (0.747 - 0.748) 18.85 (0.742)

Rocker Arm Shaft and Rocker Armd earance
1 Weether averner cdiper o add indcaao to
neasure the rocker armbushi ng i nsi de di aneter.

Rocker Arm Bushing Inside Diameter mm(in)
Standard Limit
19.01 - 19.03 (0.748 - 0.749) 19.05 (0.750)

2. Masure the rocker armshaft outsi de di angter.

If the neasured val ue exceeds the specified |init,
repl ace either the rocker armor the rocker armsheft.

Rocker Arm and Rocker Arm Shaft Clearance mm(in)
Standard Limit
0.01-0.05 (0.0004 - 0.002) 0.2 (0.008)
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3 Qeck thet the rocker amal port is free of
abstructi ons.

If necessary, use conpressed air to clean the rocker
amal port.

Rocker Arm Correction
I nspect the rocker armval ve stemcontact surfaces
for step vear 1 and scoring 2.

If the cotact surfaces have light step vear or scor-
ing, they nay be honed wth an ol stone

If the step wear or scoring is severe, the rocker arm
nust be repl aced.

CYLI NDER BODY
Gyl inder Liner Bore Measurenent
e a cylinder indicator to neasure the cylinder bore
a neaswringpoint linthethrust X- Xand axia Y-
Ydrections of the crankshaft.
Measuring Point (3 : Maximum wear portion

[11-15 mm (0.43 - 0.59 in)]

If the measured value exceeds the specified limit, the
cylinder liner must be replaced.

Cylinder Liner Bore mm(in)
Standard Limit

95.421 - 95.460 (3.7567 - 3.7583) 95.5 (3.7598)

Not e:

The inside of the dry type cylinder liner is chrone
plated It cannat be rebored or honed.

If theimnside of thecylinder liner is scored o
scorched, the cylinder liner nust be repl aced.

G/linder Liner Projection Inspection

1 Hldastraght edge 1 along the top edge of the
cylinder liner to be neasured.

2. ke a feeler gauge 2 to neasure each cyl i nder
liner prgection
Cylinder Liner Projection mm(in)

Standard

0-0.10 (0-0.0039)

57

The difference in the cylinder liner projection height
between any two adjacent cylinders must not
exceed 0.03 mm (0.0012 in).
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Gyl i nder Liner Repl acenent
Gylinder Liner Renoval
1. Renove the cylinder body dowel .

2 S thecylinder liner renaver tothe cylinder liner.

3. Geck that the renover shaft ankleis firnhy
gripping the cylinder liner bottomedge.

4. Sowy turn the renover shaft hand e count ercl ock-
wsetopdl thecflinde liner free

G/linder Liner Renover Ankle: 5-8840-2304-0O
G/linder Liner Renover: 9-8523-1 169-O

NOTE:

Take care not to danage the cylinder body upper
during

the cylinder liner renoval procedure.

Cylinder Body Wper Face Vérpage
1. Renove the cylinder body dowel .

2. Renove the cylinder liner.

3 Weastraght edge 1 and a feel er gauge 2 to
neasure the four sides and the two diagona s of the

cyl inder body upper face.

Cylinder Body Upper Face Warpage mm(in)
Standard Limit
0.05 (0.002) or less 0.2 (0.008)

If the measured value is more than the limit, the
cylinder body must be replaced.

Cylinder Body Height (Reference) mm(in)
Standard
272.945 - 273.105 (10.746 - 10.752)

4 Rirstdl thecfinde lirer.
Refer to “Gylinder Body Bore Measurenent”.

5 Rinstal the cylinder body dovel .
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Q/linder Liner Gade Sel ection

Measure the cylinder body insi de di aneter and sel ect
the proper cylinder |iner grade nunier correspondi ng
to the cylinder body inside d aneter.

Standard Fitting Interference (Reference) mm(in)
[ 0.001 - 0.019 (0.00004 — 0.00075) |

If thecfinder lirer fittinginefeereistoosmall,
eng ne cod ing efficiency wll be adversey affected
If theofinde lirer fittinginefaexeistolag it
wll bedfficdt toirsert thegfinde ling intothe
cyl i nder body.

The cylinder bl ock deck has been narked during
productiontoind cate the correct liner sizes. The liner
gadke (i.e 1,23 4 isindcaedin pernanent ink
Inthe case of a questionabl e |iner narki ng neasure
the cylinder body inside di aneter.

Gyl i nder Body Bore Measurerent
1. Take neasurenents at neasuring point 1 across

posi ti ons (“W- W), (“X- X), (Y- Y) ad (Z- 2.

Masuring Point 1: 98 nm(3.86in)

2 Glcuate the average val ue of the four
neasurenent s to deternine the correct cylinder
or ade.

Cylinder Liner Grade

Nominal Cylinder Body
Dimension Bore Diameter

97.001 -97.010 1
97.001 - 97.020 2
97.021 -97.030 3
97.031-97.040 4

Liner Grade

¢ 97
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G/l i nder Liner Installation
1 Glinder Liner installation Wing The Secid Todl.

1) We newkerosene or diesel ol to thoroughly
clean the cylinder |iners and bores.

2) e comressed air to blowdry the cyl i nder
liner and bore surfaces.

Not e:

Al foreign nateria nust be carefully renoved from
the cylinder liner andthe cylinder bore befare instd |l &
tin

3 Imsert thecylinder liner Lintothe cylinder body
2 fromthe top of the cylinder body.

4 St theoflindr lirer instdler 3tothetop o the
ofindr lire.

Glinder Liner Instdler: 54368733

5 Rositionthe cylinder body sothat the instaler
ceter 3is directly beneath the bench press
sheft center 4

Not e:
Ceck that thecylinder liner is set perpendicuar to
the bench press and that there is no wobbl e.

6) e the bench press to apply a seating force of
500 kgf (1, 1025 10/4900 N tothe cylinder lirer.

7) Apyafoce of 2500 kof (55125 1/24,500 N
tofuly seat theofinder lire.

8 Ate instdlingthe cylinder lirer, neasure the
ofinde lirer ppgettion
Refer to “GAdinder Liner Rrgection | nspection’.

2 Glinder Liner Instalation sing Oy lce

If theclinder lirer isachroedaed dytype itis
adisddetouwedyicedringtheinstadlaion

pr ocedur e.

@ding the cylinder liner ith dry ice wll case the
cylinder liner tocotact, thus neking insta lation
essi er.

Not e:
It isinportat thet thecylinder ling beimsertedtothe
cylinder body inmedi ately after it has been cool ed.
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DRY | CE MJST BE USED W TH GREAT CARE.
CARE- LESS HANDLI NG OF DRY | CE CAN RESULT
I N SEVERE FRCSTBI TE.

H ston Selection
Sl ect the sane grade nunber as the one for the
cylinder liner insice damater.

C?;Z?:eo;gmggerr Grade of piston | Combination
AX AX OK
CX CX OK
AX CX NG
CX AX NG
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Fiston Gade Sel ection

Masure the cylinder liner bore. Then sel ect the
apropriate piston grade for the insta led cyl i nder
lire.

1 Mesure the cylinder liner bore.

There are two neasuring points ( 1 and 2).

Masure the cylinder liner borein four dfferent
drection (W- W X- X adZ- 2 a both neasuring
pans.

Gl cul ate the average val ue of the el ght neasure-
nents to determne the correct cylinder liner bore

Masuring Points 1 : 20 nm(0.79 in)

2:180mB6in
Cylinder Liner Bore mm(in)
Standard Limit
95.421 - 95.460 (3.7567 — 3.7583) 95.5 (3.7598)
Relation between Liner Bore and Piston Grade mm(in)
Liner Bore Diameter Piston Grade
95.421 -95.440
AX

(3.7567 - 3.7575)

95.441 - 95.460
(3.7575 - 3.7583)

CX

Not e:

It isnest inportant that the correct piston grade be
used Failuretosdect the corect piston grade wil
resut inegnrefalue

2. Measure the piston outside dianeter.

HAston Masuring Foint 1: 71 nm(2. 79 in)

Piston Outside Diameter

mm(in)

Outside Diameter Piston Grade for Service
95.365 - 95.384
(3.7545 — 3.7563) AX
95.385 - 95.404 cX
(3.7553 - 3.7561)
Cylinder Liner and Piston Clearance mm(in)

| 0.037 - 0.075 (0.0015 - 0.0030)

Not e:

Glinder liner kit clearances are preset. Hovever, the
cylinder liner installation procedure nay resut in
slight decreases in cylinder liner clearances. Avays
neastre the cylinder liner clearance after instalaion
tobesuethet it is corect.
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TAPPET AND PUSH ROD

Msual |y inspect the tappet canshaft contact surfaces
for pitting, cracking, and ather abnornal conditions.
The tappet nust be replaced if any of these condi-
tions are present.

Rfer totheillwstraiona thel et.
| Rttirg

2 Gacking

3 Nornal cont act

4 1rregd ar cotact

51rregda cotact

Not e:

The tappet surfaces are spherical. Db not attenpt to
gindthemwthanadl stoe o simlar tod inan effot
torepair the tappet. If the tappet is danaged, it nost
be repl aced.

Tappet Qutsi de D aneter

Measure the tappet outside dianeter wth a nicrone-
ter. If the neasured va Le i s | ess than the specified
linnt, the tappet nust be rep aced

Tappet Outside Diameter mm(in)
Standard Limit
12.97 - 12.99 (0.510 - 0.511) 12.95 (0.509)
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Tappet and Cylinder Body Clearance mm(in)
Standard Limit
@ 0.03 (0.0012) 0.1 (0.0039)

Push Rod Qurvature
@ 1 Lay the push rod on a surface plate.

2. Rl the push rod a ong the surface plate and nea

/ sure the push rod curvature wth a thi ckness gauge.
If the neasured val ue exceeds the specified |init,
the push rod nust be repl aced.
Push Rod Curvature mm(in)
Limit
0.3(0.012)

3 Msudly inspect bath ends of the push rod for
excessi ve wear and darmage. The push rod nust be
replaced i f these conditions are di scovered during

i nspecti on.

CAMSHAFT

Msua ly inspect the journal's, the cans, the ol punp
drive gear, and the canshaft bearings for excessive
vwear and danage. The canshaft and the canshaft
bearings nust be replaced if these conditions are

di scovered during i nspection.

Canshaft Journal O aneter

ke a nicroneter to neasure each canshaft journal
@ dameter intw drectios ((X- XY ad (Y- V). If the

neasred val ue is less than the specified limt, the
canshaft nust be repl aced.

Camshaft Journal Diameter mm(in)
Standard Limit
49.945 - 49.975 49.60
(1.9663 - 1.9675) (1.953)
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Cam Hei ght

Masure the camheight (H wth a mcroneter. If the
neasred val ue is less than the specified limt, the

canshaft nust be repl aced.

Cam Height (H) mm(in)
Standard Limit
42.02 (1.65) 41.65 (1.64)

Canshaft Run- Qut

1. Munt the canshaft on \-bhl ocks.

2. Mesuretherurout wthada indcaor.
If the neasured val ue exceeds the specified |init,

the canshaft nust be repl aced.

Camshaft Run-Out mm(in)
Standard Limit
0.02 (0.0008) 0.10 (0.004)

Canshaft and Canshaft Beari ng
Weaninside da indicaor to neasure the canshaft

bearing i nside d aneter.

Camshaft Bearing Inside Diameter mm(in)
Standard Limit
50.0 - 50.03 50.08
(1.9685 - 1.9696) (1.9716)

If the cl earance between the canshaft bearing i nside
daneter and the journa exceeds the specified innt,
the canshaft bearing nust be repl aced.

Camshaft Bearing Clearance mm(in)
Standard Limit
0.025 - 0.085
(0.0010 - 0.033) 0.12 (0.005)

Canshaft Bearing Repl acenent
Canshaft Bearing Reroval
1. Renove the cylinder body plug plate.

2. ke the canshaft bearing repl acer to renove the
canshaft bearing.

Bearing Repl acer: 54368741
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Canshaft Bearing Installation

1L Aignthe bearing ol hdes vith the cylinder body ail
hd es.

2. We the canshaft bearing replacer instaler to
install the canshaft bearing.

Bearing Repl acer: 54368741

Canshaft End H ay

1. Before renovi ng the canshaft gear O, push the
thrust pate @es far asit wll gotomard the cam
sheft

oear O

2. ke a feel er gauge to neasure the cl earance
between the thrust plate and the canshaft journal .
If the neasured val ue exceeds the specified |init,
the thrust plate nust be repl aced.

Camshaft End Play mm(in)
Standard Limit
0.050 - 0.114 (0.002 - 0.0044) 0.2 (0.008)

Thrust H ate Repl acenent
Thrust M ate Renoval
I. Wethe universa puler 1to renove the canshaft

tinng gear 2
Lhiversal RUl | er: 54368758

2. Renove the thrust plate 3.

Thrust Hate Instal ation
I. Iretd| thethrust dae

2 Addyegreadl tothebdt setting face and the bd t
threads.
3 Imstal the cansheft geer.

Canshaft Gear Torque N nfikof - il b. ft)
B- 118(10- 1272- 8
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The portion to be tested
shall be held horizontally
$0 as not to let the test
solution flow.

The sliding surface
of the pin
or journal.

Test liquid should
not be applied to
the area around the
oil port.

Approximately
omm
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CRANKSHAFT AND BEARING

Inspect the surface of the crarksheft journals and
crankpi ns for excessive wear and danage.

Inspect the ol sed fitting surfaces for excessive vear
and danage.

Inspect the ol ports for dostructioms.

Not e

To incresse cranksheft strength, tufftridng (Ntrizing
Treatnent) has been applied. Because of this, it is
not possible to regrind the crankshaft surfaces.

G ankshaft Tufftriding | nspection

1 We anorganic cleaner to thoroughly clean the
crankshaft. There nust be no traces of ol onthe
surfaces to be i nspect ed.

2. Prepare a 5 - 10%sol uti on of anmoni um cupr ous
chaide (dssdved indstilled vaer).

3 Weasyringetoapply the sdutiontothe surface
to be i nspect ed.

Hl d the surface to be inspected perfectly hori zot a
to prevent the sd ution fromrumni ng.

Not e:
Do not allowthe so ution to cone in cotact wth the
ol ports andtheir surround ng area

Judgnent

1 Vst for thirty tofarty seconcs.

If theeismdscdaaion dter thrty o faty sec-
onds, the crankshaft is usabd e

If discdoration apgpears (the surface being tested
wll becone the cd or of copper), the crankshaft
nust be repl aced.

2. Seamcl ean the crankshaft surface i nmedi at el y
after conpleting the test.

Not e

The ammoni umcuprous chl oride solution is highly
cor-rosi ve

Becase of this, it isinperative that the surfaces

bei ng tested be cleaned i nmedi atel y after conpl eting
thetest.
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Qankshaft Thrust Q earance

St thedd, indcaoa asshomintheillustraion ad
neasur e the crankshaft thrust cl earance.

If the thrust cl earance exceeds the specified lint, re-
place the thrust bearing as a set.

mm(in)

Standard Limit
0.10 (0.0039) 0.30 (0.0118)

O ankshaft Run- Qut
1 St add indcao tothe ceter of the cranksheft
jourd.

2 Gxtly turnthe crankshaft inthe nornal drection of
radim

Read the dd indicator as you turn the crankshaft.

If the neasured val ue exceeds the specified |init,
the crankshaft nust be repl aced.

Crankshaft Run-Out mm(in)
Standard Limit
0.05 (0.002) or less 0.08 (0.0031)

Beari ng Tensi on

Check to see if the bearing has enough tension, so
that a good finger presswe is needed to fit the
bearing into positi on

Qankshaft Journal and Grankpi n O anet er
1. e a mcroneter to neasure the crankshaft
jourrd damter across pants (“1- 1") ad (“2- 2').

2. Wse the mcrongter to neasure the crankshaft
jound daster & thetwo points ( 3ad4).

3. Repeat Seps 1 and 2 to neasure the crankpin
di anet er.

If the neasured val ues are less than the limt, the
crankshaft nust be repl aced.
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Standard Limit
69.917 - 69.932 69.910
(2.7526 - 2.7531) (2.7524)
Crankpin Diameter mm(in)
Standard Limit
52.915 - 52.930 (2.0833 - 2.0839) 52.906 (2.0829)

Crankshaft Journal and Crankpin

Uneven Wear mm(in)
Standard Limit
0.05 (0.002) or less 0.08 (0.003)

@ Qankshaft Journal and Bearing A earance

If the cl earance between the neasured bearing i nsi de
dianeter and the crankshaft journal dianeter ex-
ceeds the specified lint, the bearing and/or the
crankshaft nust be repl aced.

Crankshaft Bearing Cap Bolt
Torque N-m(kgf-m/Ib.ft)

| 157 — 177 (16 - 18/116 — 130)

@ Crankshaft brg’ cap Bolt Torque
Crankshaft Journal and

Bearing Clearance mm(in)
Standard Limit
0.031-0.063 (0.0012 - 0.0025) 0.11 (0.0043)

Gonnecting Rod Bearing I nside D anet er
1 Instal the bearing to the comnecting rod big end.
2 Tighten the bearing cap to the specified torque

@ Connecting Rod Bearing Cap Bolt
Torque N-m(kgf-m/Ib.ft)

| 27 - 31 (2.8 - 3.2/20 — 23)— 45° — 60°

@' 3 Weainsidedad indcao to neasure the connect-
ing rod bearing i nside d angter.
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Qrankpi n and Bearing d earance

If the cl earance between the neasured bearing i nsi de
d aneter and the crankpi n exceeds the specified |init,
the bearing and/or the crankshaft nust be repl aced.

Crankpin and Bearing Clearance mm(in)
Standard Limit
0.029 - 0.066 (0.0011 - 0.0026) 0.10 (0.0039)

d earance Measurenents (Wth H asti gage)
Qankshaft Journal and Bearing A earance

1 Ceanthe cylinder body, the journd bearing fitting
surface, the bearing caps, and the bearings.

2 Instdl the bearings to the cylinder body.

3 Grefully place the crankshaft on the bearings.

4. Rotate the crankshaft approxinately 30" to seat the
beari ng.

5. Hace the Hastigage (arrow over the crankshaft
jourrd across the ful wdh of the bearing

6. Instal the bearing caps wth the bearing.

7. Tighten the bearing caps to the specified torque.

Crankshaft Bearing Cap Bolt
Torque N-m(kgf-m/Ib.ft)

| 157 - 177 (16 — 18/116 — 130)

Do nat alowthe crankshaft to turn during bearing
cgp imstalation and tightenng

8. Renove the bearing cap.
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9. (npare the wdth of the Hastigage attached to
either the crankshaft or the bearing agai nst the scal e
printed on the Hastigage contai ner.

If the neasured val ue exceeds the [imt, performthe
fdlowng add tiond steps.

1) Wse a mcroneter to neasure the crankshaft

out si de di anet er.

2 Weaninsideda indcaor to neasure the
bearing i nside d aneter.

If the crankshaft journal and bearing cl earance
exceeds the limt, the cranksheft and/or the
beari ng nust be repl aced.

Crankshaft Journal and Bearing Clearance mm(in)
Standard Limit
0.1
0.031-0.063 (0.0043)

G ankpi n and Bearing Q earance

1 Qean the crankshaft, the connecting rod, the bear-
ing cap, and the bearings.

2 Instdl the bearing to the comnecting rod and the
beari ng cap.

Do not alowthe crankshaft to nove vhen installing
the bearing cap.

3. Prevent the connecting rod fromnovi ng.

4. Atachthe Rastigage tothe crankpin.
Apyegnreadl tothe Hastigage to keep it from
fdlirg

5 Instdl the bearing cap ad tigtenit to the speci-
fiedtorqe

Do not all owthe connecting rod to nove when

insta ling and tighteni ng the bearing cap.

Connecting Rod Bearing Cap Bolt

Torque N-m(kgf-m/Ib.ft)
I 27 - 31 (2.8 - 3.2/20 - 23)— 45° - 60°

6. Renove the bearing cap.

7. Gonpare the wdth of the Hastigage attached to
either the crankshaft or the bearing agai nst the scal e
printed on the Hastigage contai ner.

If the neasured val ue exceeds the specified |init,
performthe fo | owng addi ti onal steps.

1) We a mcrometer to neasure the crankpi n out-
side di anater.

2 Weaninsideda indcator to neasure the
bearing i nside d aneter.

If the crankpi n and bearing cl earance exceeds
the specified linnt, the cranksheft and or the
beari ng nust be repl aced.

Crankpin and Bearing Clearance mm(in)
Standard Limit
0.029 - 0.066 0.10
(0.0011 - 0.0026) (0.0039)
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CRANKSHAFT BEARI NG SELECTI ON
Wen instal |ing new crankshaft bearings or repl aci ng
odbearings, refer tothe slection tad e bel ow

SHect andinstal the newcrankshaft bearings, payi ng
close attentionto the cylinder body jourrd hde

d aneter size nark and the crankshaft j ournal

di aneter size nark.

Main Bearing Crankshaft Crankshaft .
Bore Diameter mm(in.) Main Journal Diameter mm(in.) Bearing Oil C|ea(1rar)1ce
Size Mark Inside Diameter Size Mark | Outside Diameter |Size Mark mm {in.
69.927 ~ 69.932 0.035 ~ 0.061
1or- (2.7530 ~ 2.7532) Black | (0.0014 ~ 0.0024)
] 73.987 ~ 74.000 69.922 ~ 69.927 0.032 ~ 0.058
(2.9129 ~ 2.9134) 2o0r-- (2.7528 ~ 2.7530) Biue (0.0013 ~ 0.0023)
69.917 ~ 69.922 0.037 ~ 0.063
3or--- (2.7526 ~ 2.7528) (0.0015 ~ 0.0025)
69.927 ~ 69.932 0.031 ~ 0.056
1or- (2.7530 ~ 2.7532) Green {0.0012 ~ 0.0022)
) 73.975 ~ 73.987 69.922 ~ 69.927 0.036 ~ 0.048
(2.9124 ~ 2.9129) 2or-- (2.7528 ~ 2.7530) (0.0014 ~ 0.0019)
69.917 ~ 69.922 0.033 ~ 0.058
3or--- (2.7526 ~ 2.7528) | Black | (0.0013 ~ 0.0023)

-

@

»e
@
-

QG ankshaft Timng Gear Repl acenent

G ankshaft Timing Gear Renoval

1. e the crankshaft gear renover 1 to renove the
crankshaft gear 2.

2. Renove the crankshaft feather key.

G ankshaft Tinming Gear Renover: 54368766

Qankshaft Timng Gear Installation

1 Imstdl the cranksheft geer.

2 Wethe craksheft gear instdler 1toinstdl the
crankshaft gear 2.

The crankshaft gear timng nark (“X- X') nust be

faci ng out var d.
Gankshaft Gear Install er: 54368774
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CRANKSHAFT PI LOT BEARI NG
Check the crankshaft pilot bearing for excessive wear
and danage and replace it if necessary.

G ankshaft Pilot Bearing Repl acenent
Gankshaft Alot Bearing Renoval

e the pil ot bearing renover to renove the pil ot
bear-i ng.

Filot Bearing Renover: 54368782
Siding Hammer: 54368790

Gankshaft Flot Bearing Installation
I. Race the cranksheft pilat bearing horizotdly
across the crankshaft bearing instdlation hd e

2. Tap around the edges of the crankshaft pil ot
bearing outer races wth a brass hanmer to drive the
bear-ing into the cranksheft bearing instadlation hde

Not e:

Srike oy the crankshaft pilat bearing outer races
wth

the hanmer. Db not strike the bearing inner races.
Beari ng danage and reduced bearing service life wll
resut.
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FLYWHEEL AND RI NG GEAR

H ywheel

L Inspect the flyhed friction surface for excessive
wear and heat cracks.

2. Masure the flywheel friction surface wear anount
(cepth)

The flywhedl friction surface area actua |y naki ng
cotact wththe clutch driven plate (the shaded area
intheillwtraio) wll be smalle thenthe arig rd
nachi ned surface area

There will be aridge onthe flywhed surface area
Be sure to neasure the surface wear in the area
insice the ridge

If the neasured val ue i s between the standard and
the specified linnt, the flywhed nay be reground.

If the neasured val ue exceeds the specified |init,
the flywheel nust be repl aced.
Flywheel Friction Surface Depth @ mm(in)
Limit
1.0 (0.04) or more

Not e:

Because aridge is produced at the flywhed friction
sur-face as illustrated, do not neasure the friction
surface wear anount at the non-ridge area but be
suretomesueit a therear-friction suface wichis
shomintheillustration by shaded area.

R ng Gear

I nspect the ring gear.

If the ring gear teeth are broken or excessively vorn,
the ring gear nust be repl aced.

R ng Gear Repl acenent

R ng Gear Renoval

Srike around the edges of the ring gear wth a
hanmer and diesel to renove it.

74



ENG NE ASSEMBLY ( 2 )

Rng Gear Installation

1 Heat thering gear evenly wth a gas burner to
invite thernal expansi on.

Do not allowthe tenperature of the gas burner to
exceed 200°C (390°F).

e

2 imstdl thering gear wenit is suficiently heated
The ring gear nust be instal led wth the chanfier
facing the duch

Not e:

Ather nethod of heating the ring gear toinvite ther-
nal expansionistosoak aragindesd fud, wapthe
dese fue soaked rag around the rimof the ring gear,
adthenligt the rag

Pl STON

Fiston Gade Sel ection and Gyli nder Liner Bore
Measur ement
Refer to the Section “CvLI NDER BDY’, Item
“GA i nder

@ Li ner Bore Masurenent” for details on piston grade
sel ection and cylinder or |iner bore neasurenent.

Pl STON RI NG
‘ A ston Rng Gap
1§— 1 Irsert the diston ring horizorta ly into the oyl i nder
1 T lire.
: 2. ke apistoninserted upsi de down to push the
777777 } 7 pstonringinothe cylinder lirer util it reaches

either neasuring point 1 or neasuring point 2.
Glinder liner dangter isthe snallest at these two

7/ parts.

b nat dlowthe pistonringto slat to one side or
7 the ather. It nost be perfectly horizotd .
7
@%2 : 3. We afeeer gauge to neasure the piston ring gap.
Masuring Foint 1: 10 m(0.39in) or
Masuring Point 2 : 120 nm(4.72 in)

‘ If the piston ring gap exceeds the specified limt, the
piston ring nust be repl aced.
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Piston Ring Gap mm(in)
Standard Limit
1st Compression Ring 0.2-0.35
(0.008 - 0.014)
2nd Compression Ring 0.37 -0.52 1.5
(0.015 - 0.020) (0.059)
A 0.2-0.4
Oil Ring (0.008 - 0.016)

Fiston Rng and A ston R ng G oove d earance
Lse a feel er gauge to neasure the cl earance be-

tween the piston ring and the piston ring groove at
several points around the piston.

If the cl earance between the piston ring and the
piston ring groove exceeds the specified limt, the
piston ring nust be repl aced.

Fston Rng and F ston R ng G oove

Clearance mm(in)
Standard Limit
1st Compression Ring ) 360:5__061030051)
. . 0.05 -0.090 0.15
2nd Compression Ring | (5 605 _0.0035) | (0.006)
0.03-0.07

QOil Ring

(0.0012 - 0.0028)

Visud |y imspect thepiston If apstonringgooeis
danaged or distorted, the piston nust be repl aced.
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Pl STON PI'N

Fiston An D aneter

Lbe a mcroneter to neasure the piston pin outside
daneter at severd points.

If the neesured val ue i s | ess than the specified |innt,
the piston pin nust be repl aced.

Piston Pin Diameter mm(in)
Standard Limit
33.995 - 34.000 (1.3384 - 1.3386) 33.97 (1.3374)

A ston A n and A ston d earance
Weaninsideda indicator to neasure the piston pin
hde(inthe pgstan).
Piston Pin Hole mm(in)
Standard
34.004 - 34.012 (1.3387 - 1.3391)
Piston Pin and Piston Pin Hole
Clearance mm(in)

0.004 - 0.017 (0.0002 - 0.0006) j

Piston PFin and Gonnecting Rod Sval | End Bush-
i ng d earance

Weacdiper cdibraor addada indcao to nea
sure

the piston pin and connecting rod snal | end bushi ng
cl earance.

If the cl earance between the piston pin and the
connect -i ng

rod snal | end bushi ng exceeds the specified |int,
repl ace the piston pin and/ or the connecting rod

bushi ng.
Fiston An and Gnnecting Rod Sal |
End Bushing Clearance mm(in)
Standard . Limit
0.008 - 0.020 0.05
(0.0003 - 0.0008) (0.002)

Connecting Rod Bushi ng Repl acenent
Connect i ng Rod Bushi ng Renoval
1 Canp the connecting rod in a vise.

2. e the connecting rod bushi ng renover to
renove the connecting rod bushi ng.
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Gonnecting Rod Bushing I nstal |l ati on

1 Canp the connecting rod in a vice.

2 ke the comnecting rod bushing insta ler toinstal
the connecting rod bushi ng.

nnect i ng Rod Bushi ng Repl acer :

3 Weapstonpnhideginder 1fitted wth areaner
2toreamthe pistonpin hd e
Inner Diameter of Small End Bushing mm(in)
Standard
34.008 - 34.015 (1.3389 - 1.3392)

CONNECTI NG ROD

Gonnecti ng Rod Al i gnrrent

e a connecting rod aligner to neasure the distor-
tion and the paral | el i smbetween the connecting rod
big end ho e and the connecting rod snall end hdl e.

If either the neasured distortion or para | € i smexceed
the specified lint, the connecting rod nust be

repl aced.
(onnecti ng Rod Al i gnnent
Per Length of 100 mm (3.94 in) mm(in)
Standard Limit
Distortion 0.20
0.05 or Less (0.008)
Parallelism (0.002) ( 0%1056)
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Gonnecting Rod S de Face d earance

L Instal the comnecting rod to the crankpin.

2. ke a feel er gauge to neasure the cl earance
bet ween the connecting rod big end si de face and
the crankpi n side face.

If the neasured val ue exceeds the specified |init,
the connecting rod nust be repl aced.
nnecting Rod and G ankpi n S de Face

Clearance mm(in)
Standard Limit
0.175 - 0.290 (0.0069 — 0.0114) 0.35 (0.014)

| DLER GEAR SHAFT AND | DLER

GEAR

Ider Gar Shaft Qutside D aneter

be a mcroneter to neasure the id er gear shaft out-
si de di aneter.

If the neasured val e i s | ess than the specified |innt,
the ider gear nust be repl aced.

Idler Gear Shaft Qutside Diameter mm(in)
Standard Limit
44.95 - 44,98 44.90
(1.769 - 1.770) (1.767)
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Idler Gar “A Inside O aneter
L Beanimsidedd indcaor toneasuetheider

gear

Idler Gear Inside Diameter mm(in)
Standard Limit
45.0 - 45.03 45.10
(1.7717 - 1.7718) (1.7756)

If the clearance between the id er gear shaft outside
dianeter and the idler gear inside dianeter exceeds
thelimt, theider gear nost be rep aced

Ilde Gar Sheft and Id er Gar

Llearance mmdin)
Standard Limit
0.025 -0.085 0.2
(0.0010 - 0.0033) (0.008)
Ider Gar “B

Beari ng repl acenent

Lbe a suitabl e bar and a bench press or hanmer.
Bearing proj ection anount shoul d be wthin the spec-
ifiedha gt.

-

mm(in)
Projection O) 0.4-0.6 (0.016 - 0.024)
Height ® 23.7 - 24.0 (0.933 - 0.945)

TI M NG GEAR CASE COVER
Red ace thecrankshaft front ol sed if it is excessivey
worn or danaged.

G ankshaft Front Ol Seal Repl acenent

Q| Seal Renoval

se a plastic hanmer and a screwdriver to tap
aoudthe ol sed tofreeit fromthe gear case
Take care not to danage the ol seal fitting surfaces.
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Ol S Instalation

1L Adyacet o egredl totheal sed lipcircum
ference.

2 Wethedl sed instdler adtheimstdle gipto

insert theal sed 1 niMm(0.039in) intothe front por-
tion of the tining gear case.

BIRIE

Ol Seal Instdler: 54368373
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SINGLE UNIT
ROCKER ARM SHAFT AND ROCKER ARM

Reassembly Steps
A 1. Rocker arm shaft 5. Rocker arm
2. Rocker arm shaft snap ring 6. Rocker arm shaft spring
3. Rocker arm 7. Rocker arm shaft snap ring

4. Rocker arm shaft bracket

&3
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Q | nportant (perations

1. Rocker Arm Shaft
1) Rositionthe rocker armshaft wththe large ol
hde (Da 4mM(0.136in)) facing the frot of the

engi ne.

2 Instal the rocker armshaft together wth the
rocker arm the rocker armshaft bracket, and

the spring.
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CYLINDER HEAD
4
Reassembly Steps
1. Cylinder head A 5. Valve spring
2. Valve spring lower washer 6. Valve spring upper seat
A 3. Valve stem oil seal A 7. Splitcollar
A 4. Intake and exhaust valve

85




ENG NE ASSEMBLY (3 )

W | nportant Qperations

86

3. Vdve SemO| Sed

1) Ay acost egreal totheal sed imer face
2 Weandl sed instdle toirstdl theadl sed to
the val ve gui de.

0Ol A Instaler: 54368373

4. Intake and Exhaust \al ve

1) Aplyacoat of engneal tovave stem

2 Imstd| the intake and exhaust val ves.

3 Tunthe cylinder heed p toinstal the va ve

spri ngs.
Take care nat todlowtheimstdled vdves to fd | free

5 Valve Sring
1) Tunthe cylinder head o toinstdl the vave
springs.

2) Imstdl the va ve springs wth the fine pitched
end (pai nted pink) facing down.

Take care nat todlowthe instdled va ves to fdl
frea

6 Fit Qler
1) We the spring conpressor to push the val ve
spring into position

Sori ng Gonpr essor: 54368717
2 Imstdl thesdit cdlar tothe vdve stem

3 St thesplit cdlar by tapping around the bead
of the colar wth a rubber hanmer.
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PISTON AND CONNECTING ROD

Reassembly Steps

A 1. Piston 5. Piston pin snap ring

A 2. Piston pin snhap ring A 6. Pistonring

A 3. Connecting rod A 7. Connecting rod bearing
A 4. Piston pin
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I nportant (peration

1 Hston

2. Hston pin snap ring

3. (onnecting rod

1) Ganp the connecting rod in a vise.

Take care not to danage the connecting rod.

2D Beapar o sigpringpiestoimstdl thepston
pnsngpringtothe pston

3 Instadl the pistonto the comnecting rod

The piston head front nark 1 and the con-necting
rod “I SJ casting nark 2 nust be
facing the sane direction.

4. Hstonpin

1) Ay acoat of egreadl tothe piston pin ad
thepstonpnhde

2 Weyor fingerstofarcethepistonpininothe
pistonutil it nakes cotact wth the snap ring

3) We your fingers to force the piston pin snap
ring into the piston snap ring groove.

4) Check that the connecting rod noves snoot hly
onthepstonpn
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6. FAston Rng

) Beapstonringredacer toinstdl the three
[ ston rings.

A ston R ng Repl acer:

Instal the pistonrings inthe order shominthe
illstraion

10l ring (Gl expander type)

2 2nd conpressi on ring (Taper undercut type)
3 1st conpression ring (Barrel face type)

Not e:
Install the conpression rings wth the stanped side

faci ng up.

Insert the expander cal intothe ol ring groove so that
thereisno ggp on ether side of the expander cail
befaeinstdlingtheal ring

2 Adyegnreal tothe pistonring surfaces.
3) Geck that the pistonrings rotate snoothly in
the piston ring grooves.

7. Gonnecting Rod Bearing

Grefuly wpeay ol o ather foregn naterid from
the connecting rod bearing back face and the
comecting rod bearing fitting surface.
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CAMSHAFT, CAMSHAFT TIMING GEAR, AND THRUST PLATE

Reassembly Steps

1. Camshaft 3. Thrust plate
2. Feather key A 4. Camshaft timing gear

90



ENG NE ASSEMBLY (3 )

V Inportant Qperations

4. Canshaft Tinming Gear

D Irstdl thethrust dael.

2 Apyegnreaol tothebdt threads 2.

3 Instal the canshaft tining gear wth the tining
nark stanped side facing out.

¢

Camshaft Timing Gear Bolt Torque N-m(kgf-m/Ib.ft)
| 98- 118 (10 - 12/72 - 87)

Dl
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14a

* Repair kit

Reassembly Steps - 1

> >
QO EwON=

> >
© N

Cylinder body

Tappet

Crankshaft upper bearing

Crankshaft with crankshaft timing gear
Crankshaft thrust bearing

Crankshaft bearing cap with lower
bearing

Timing gear case

Camshaft with camshaft timing gear
and thrust plate

Piston and connecting rod with upper
bearing

> > >

>

92

10.
11.
12.
13.
14.
14a
15.

Connecting rod cap with lower bearing
Oil pump with oil pipe

Crankshaft rear oil seal

Flywheel housing

Flywheel

Rear flywheel (If so equipped)

Oil pan

Inverted Engine
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10
* Repair kit

Reassembly Steps - 2
A 1. Idler gear shaft 10. Push rod
A 2. Idler gear “A" A 11. Rocker arm shaft and rocker arm
A 3. Idler gear “B” A 12. Water pump

4. Timing gear oil pipe A 13. Thermostat housing
A 5. Timing case cover 14. Water by-pass hose

6. Timing gear case cover A 15. Glow plug and glow plug connector
A 7. Crankshaft damper pulley with dust seal

seal A 16. Injection nozzle holder

A 8. Cylinder head gasket 17. Cylinder head cover
A 9. Cylinder head
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Inportant Cperations (Reassenbly S ep-1)

1. G/linder Body

Use conpressed air to thoroughly cl ean the inside
and outside surfaces of the cylinder body, the al
ho es, and the vater jackets.

2. Tappet
1) Aplyacoat of engneal tothe tappet 1 and

the cylinder body tappet insert hoes 2.
2) Locate the position nark applied at di sassentl y
(if thetappet istoberewsed).

Not e
The tappet nust be install ed before the canshaft.

3. Gankshaft Uper Bearing

The crankshaft upper bearings have an oil hol e and
an ol groove. The | ower bearings do not.

1) Crefuly wpe any foreign naterial fromthe
crankshaft upper bearing and the crankshaft

upper bearing fitting surfaces.

2) Locate the position nark applied at di sassentl y
if the renoved crankshaft upper bearings are to
be reused.

4. Qankshaft wth Qankshaft Tining Gear
Apply an anpl e coat of engine ol to the crankshaft
journal s and the crankshaft bearing surfaces before
irstdling the cranksheft.

Not e

Do not apply engine oil to the bearing back faces and
the

cylinder body bearing fitting surfaces.
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5. Qrankshaft Thrust Bearing
1) Apply an anple coat of engine ol to the crank-shaft
thrust bearings.

2 Instal the crankshaft thrust bearings to the
crankshaft center journd .
The crankshaft thrust bearing oil groove nust
be facing the slid ng face

6. Gankshaft Bearing Cap with Lower Bearing
1) Aply sed ant TB- 1207B or equiva ant to the
cylinder body No. 5 bearing cap fitting surface

a theponts shomintheillustration

Not e:

Be sure that the bearing cap fitting surface is com
dedy

free of ol before apdying the silicon adhesive.

Do nat alowthe silicon adhesive to obstruct the

cylinder thread ho es and beari ngs.

2 Instal the bearing caps.

The bearing cap arrow narks nust be facing the
fron of theegre

The arrow nark journal nunier nust corre-spond
tothe jound towichthe bearingcapisimstaled
Not e

The Nb. 4 journal bearing cap does not have a
nunber stanped onit.

3 Avyacoa of engreal tothe bearing cap bdts.
4) Tighten the crankshaft bearing cap bolts to the
specified torque alittle a atineinthe sequence
shomintheillutraion

Crankshaft Bearing Cap Torque N-m(kgf-m/Ib.ft)

95

| 157 — 177 (16 - 18/116 — 132) B

5) Check to see that the crankshaft turns snoothly
by raaingit nanudly.

7. Timng Gaar Case

1) Tighten the tining gear case wth tining gear

case gasket to the specified torque

Timing Gear Case Bolt Torque N-m(kgf-m/Ib.ft)
[ 14-24 (1.4 - 2.4/10 - 17)

2) Qi away any excessive flash fromthe tining
gear gasket.
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8. Canshaft wth Canshaft Timng Gear and
Thrust Hate

1) Aply acoat of engineal tothe canshaft and
the canshaft bearings.

2 Instd | the cansheft to the cylinder body.

Take care not to danage the canshaft bearings.

3 Tigtenthethrust patetothe specified torque
Thrust Plate Bolt Torque N-m(kgf-m/Ib.ft)

| 14-24 (1.4 - 2.4/10 - 17)

4) (heck to see that the canshaft turns snoothly
by raaingit nanudly.

9. Aston and Gonnecting Rod with Upper Bearing

10. Gonnecting Rod Bearing Cap with Lower
Beari ng

1) Ay acoat of engine ail to the circunfierence
of each pistonring and piston.

2) Rositionthe pistonring gaps as shawn in the
illetratian

1 1st conpression ring

2 2nd conpression ring

30l ring

3) Aply a coat of nol ybdenumdi sul fide grease to
the two piston skirts.

This wll facilitate snocth bresk-in vien the
egreisfirst started after reassently.

4 Aply acoat of engneal tothe upper bearing
surf aces.

Not e:

Do not apply engine ail to the bearing back faces and
the conmnecting rod bearing fitting surfaces.

5 Apdyacoa of engreal tothecylinder vdl.
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6) Rositionthe piston heed front nark sothet it is
facing the front of the cylinder body.

7) Wse a piston ring conpressor to conpress the
[ ston rings.

Fi ston R ng Conpressor

8) e a hanmer grip to push the pistonin until
the connecting rod nakes contact wth the
crankpi n.

A the sane tine, rotate the crankshaft util the
crankpinis a BXC

9 Instal the connecting rod bearing caps.

The bearing cap front narks nust be facing the
fron of theegre

The bearing cap nunber (at the side of the
bearing cap) and the connecting rod nunier
nust be the sane.

Not e:

It isabsdudy essertid that the bearing caps be
instaledinthe corect drection Rversingthe
bearing cap drection wll resut in serious eng ne
danage.

10) Ay acoat of engneadil tothe threads and
setting faces of each connecting rod cap bal t.

11) Tighten the connecting rod caps to the specified
torque.

Connecting Rod Cap Bolt Torque N-m(kgf-m/Ib.ft)
[ © 27 -31(2.8-3.2/20 - 23) — 45° - 60°
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11. Ol Punp wth QI Fpe

Imstal theal pupwththe ol ppeadtigtenthe

bots tothe specified tarque.

Oil Pump Bolt Torque N-m(kgf-m/Ib.ft)
14-24 (1.4 - 2.4/10 - 17) |

Not e:
Take care not to danage the Orings when tighteni ng
theal ppehdts.
12. Qankshaft Rear Ol Seal (Axia Type)
1) Tighten the adapter to the crankshaft rear and
section wth 2 bd ts.
2 Irsert thedl sed intothe peripherd section o
adapter.
3 Insert the sleeve into the adgpter section, and 1)
tigtenit wthabdt (M2x L 75 =70 util the
adapter section hits the sl eeve.
4) Renove the adapter and the sl eeve.
5) Wththe seal pressed in, check the di nension of
thedl sed section
Sandard Onension = 12.5 2 0.3 nm

(Q42rt Q@2in
Ol Seal Instdler: 54368873

13. Hywheel |-1ousing

1) Apply seal ant to the shaded area shown in the
illstration

2) Tighten the flywhed housing bots to the specified
toqe alittlea atineinthe sequence
shomintheillutraion

Flywheel Housing Bolt Torque N-m(kgf-m/Ib.ft)
M10 x 1.25 35 - 45 (3.6 - 4.6/26 — 33)
M12x 1.5 74-91(7.5-9.3/54 - 67)

(O] G
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14. H ywheel

1) Bock the flywhed wth a piece of wood to pre-vent
it frantunng

2 Apdyacoa of egreal tothethreads of the
flywhed bdts.

3) Tighten the flywhed bdts in the nunerica

order shomintheillustraion

Flywheel Bolt Torque N-m(kgf-m/Ib.ft)
| 113 - 123 (11.5 - 12.5/83 - 90)

15. @l Pan

g 1) Aply sed ant TB- 1207B or equiva ant to the
No. 5 bearing cap arches, the bearing grooves,
and the tining gear case arches at the positions
somintheillustraion

O T O T

2) FHt the gasket rear |ipped portionintothe No. 5
beari ng cap groove.

B absd udy sure that the lipped portionis
fitted snigy inthe groove

3 Tigtenthe ol pan bdts to the specified torque
alittlea atinein the sequence showmn inthe
illetratian

Pan Bolt Torque N-m(kgf-m/Ib.ft)
14-24 (1.4-2.4/10 - 17) |
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V Inportant Cperations (Reassenbly Sep- 2)

1L Ilde Gar Seft
Theider gear shaft ol hde nust be faci ng up.

2 lder Gar “A

) Adyengreal totheider gear 1 ad the
ider gear sheft 2

2 Rsitiontheider gear setting narks “X and
“Y' sothat they are facing the front of the egre.

3 Aigntheider gear “X setting nark wth the
crankshaft tining gear 3 “X-X setting nark.

A Aigntheider gear “Y setting nark wth the
canshaft timng gear 4 “Y -Y' setting nark.

5 Tigtentheide gear bdt tothe specified

torque.

Idler Gear “A” Bolt Torque N-m(kgf-m/Ib.ft)
| 21-30(2.1-3.1/15-22)

3 lder Gar “B

1) AMyegreal totheider gear adtheider
oear sheft.

2 Aiontheide gear 5“2 setting nark wth the
ider gear 17 setting nark.

Idler Gear “B” Bolt Torque N-m(kgf-m/Ib.ft)
| 93 - 113 (9.5 - 11.5/69 - 83)
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5. Tining Case Qover

1) Bforeinstdling the tining gear case, apply a 3
nmx 5mMm(0.12inx 0.2 in) strip o sedart to
the portion of the feather key ind cated by the
arovintheillustraion

2) Check that the tining case cover Oringis firnhy
inserted into the gear case groove.

3) Tigtenthe tining case cover bots to the speci-
fiedtorqe

Timing Case Cover Bolt Torque N-m(kgf-m/Ib.ft)
M8x 1.25 14-24(1.4-2.4/10-17)
M12 x 1.25 65— 85 (6.7 — 8.7/48 - 63)

7. Gankshaft Danper Pulley with Dust Seal
1) Bock the flywhed ring gear wth a piece of
vwood to prevert it fromturning.

2) Tighten the crankshaft danper pulley to the

speci fied torque.

Crankshaft Damper Pulley Bolt

Torque N-m(kgf-m/Ib.ft)
[ 197 - 240(20.1 - 24.5/145 - 177) —l

Take care not to danage the crankshaft danper
pul | ey boss.

8. G/linder Head Gasket

1 Grefully renove carbon deposits and gasket
resi due fromthe piston top face and the
cyl i nder body upper surface.
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Grade mark

2 Weada indicaor to neasure the piston head
projection at neasuring points 1 and 3 onthe

pi ston head and neasuring points 2 and 4 on
the cylinder body.

Db this for each cylinder.

3. Note the highest neasured val ue.

This will determine the cylinder head gasket

thi ckness.

Piston Head Projection mmy(in)

0.758 — 0.913 (0.0298 - 0.0359)

H ston head proj ection nust be wthin the range
shown in the above tabl e.

4. Hect acylinder head gasket of the appropriate
thi ckness.

The di fference between the hi ghest neasured

pi ston head projection and the | onest neasured
pi ston head proj ecti on nust not exceed nmfin).

mm(in)
Grade Avera_ge piston ﬂfiigksr"(gs
mark projection (Reference)
A| ZZZ | 0.758 -0.812 (0.0298 - 0.0319) 1.60
B| ZZ#/Z | 0.813-0.858 (0.0320 - 0.0337) 1.65
C | ZZ&Z | 0.859 -0.914 (0.0338 - 0.0359) 1.70

5. The cylinder gasket “TQP" nark nust be faci ng
UP.

9. G/linder Head

1) Aignthe cylinder body dovel s and the cyl i nder
head dovel hol es.

Grefuly set the cylinder head to the cylinder
head gasket .

2 Adyegreal tothecylinder head fixing ba't
threads and setting faces.

3) Tigtenthe cylinder head bats to the specified
torque inthree steps folowng the nunerica
oder shomintheillustraion

Cylinder Head Bolt Torque N-m(kgf-m/Ib.ft)
1st stop 2nd stop 3rd stop
44-54 . .
(4.5 - 5.5/64 - 78) 60-75 60-75
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11. Rocker A‘rm Shaft and Rocker Arm
Tighten the rocker armshaft bracket bats inthe
nunerica order shomintheillustration

Rocker Arm Shaft Bracket Bolt Torque  N-m(kgf-m/Ib.ft)

| 49 —59 (5.0 - 6.0/36 - 43) ]

12. Vater Punp

) Tenporarily tighten the vater punp bal t

narked wth an arrowin the illustration

Thishbdt wil betigtenedtothe specifiedto
torgue vhen the dternatar adusting plateis

irstdled

2) Tighten the ather vater punp bolts to the speci-
fiedtorqe

Water Pump Bolt Torque N-m(kgf-m/Ib.ft)

[ 14-24 (1.4 - 2.4/10 - 17)

13. Thernostat Housi ng

D Imstal the thernestat housing.

2) Tighten the thernostat housing bats to the

speci fied torque.

Thermostat Housing Bolt Torque N-m(kgf-m/Ib.ft)
[ 14-24 (1.4 - 2.4/10 - 17)

14. dow P ug and G ow A ug Gonnect or

1) Tighten the g owpl ugs to the specified torque.

Glow Plug Torque N-m(kgf-m/Ib.ft)
| 15-20 (1.5 - 2.0/11 — 14) |

2 Imstal the d owpl ug comnectars.

15. Injection Nozzl e Hil der

D Instal theinection nozzl e gasket 1 and the Qring
2totheinection nozzle hd der 3.

2 Imstd | the nazzle hd der 3together wththe
nozzl e ha der bracket 4 to the cylinder head

3) Tighten the hd der nuts wth washer 5tothe

speci fied torque.
Injection Nozzle Holder Nut Torque N-m(kgf-m/Ib.ft)
| 31-43 (3.2 - 4.4/23 - 32)
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11 13 17
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15 16 20 12 14 18 19 8 5 10 21 20
1 Intake nanifol d 10.Sarter
2. Injection punp 11. Exhaust nani fol d
3RA inectionppewthdip 12. aling water intake pipe
4.Fd lesk off pipe 13.cooling water rubber hose
50! pipe (Inection punp to cylinder body) 14 Aternator and adjusting plate
6RA filter Ko filter
7R ppe (RA filter tolek df) 16.Ol pressure swtch
8 Fud pipe (R filter to feed punp) 17.@ding fan drive pu |l ey
9.Re pipe (R filter toinection punp) 18 ding fan drive belt

19. @oal ing fan and spacer
2.8iffrer (RH& LY
21. Ar breather hose
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W Inportant (perations (Reassenbly S eps-31

1. Intake Mnifo d
Install the intake nanifd d gasket wth the end having
the sharp corners facing the front of the engine.

2. injection Punp

1) Turn the crankshaft slowy clockwse to aignthe
canshaft tinnng check hole pointer 1 wth the
canshaft tining gear “0" nark 2

2 Irstal theinection punp to the tining gear case.

Aignthe inection punp tining check hal e
pointer 3wththe tining gear “0" nark 4 .

3) Tenporarily tighten the injection punp bracket

kdt 5.

Tisbdt wil befirdly tigtened dter theinec-tion
punp rear bracket bolts 6 .

4) Tighten the injection punp rear bracket botstothe
speci fied torque 6.

Injection Pump Rear Bracket Bolt
Torque N-m(kgf-m/lb.ft)

| 1424 (1.4 - 2.4/10 - 17)

5 Tigtentheinection punp bracket bdt 5tothe
speci fied torque.
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3 Fue Inection Hpewth Qip
1) Tenporarily tighten the injection pipe sleeve nut.
2 St thedipinthe prescribed position

Not e

Mike absd utely sire that the clipis correctly posi-
tioned Ainmoperly positioned dipwll resut in
i njection pipe breakage and fuel pul sing nai se.

@ 3 Tigtentheinection pipe sleeve nut tothe

speci fied torque. )

Injection Pipe Sleeve Nut Torque N-m(kgf-m/Ib.ft)
| 20 -39 (2.0 - 4.0/14 - 29) |
10. Sarter

Tigtenthe starter bdts tothe specified torque.

Starter Bolt Torque N-m(kgf-m/Ib.ft)
| 65 — 85 (6.7 — 8.7/48 - 63) ]

I'l. Exhaust Mnifold

Tighten the exhaust nanifold bots to the specified
toqe alittlea atineinthe nunerica order shomn
intheillwtraiom

Exhaust Manifold Bolt Torque N-m(kgf-m/lb.ft)
] 14-24 (1.4-2.4/10 - 17)
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»e

14. Aternator and Adjusting Hate

Tigtenthe dternator bolts and the adjusting plate
bots tothe specified tarque

Alternator Bolt Torque N-m(kgf-m/Ib.ft)
| 14-24 (1.4 -2.4/10 - 17) |

Tighten the adjusting plate bolts to the specified
torque after cooling drive belt installation.

Adjusting Plate Bolt Torque N-m(kgf-m/Ib.ft)
| 14-24(1.4-2.4/10 - 17) |
15 Ol Hiter

Tigtentheal filter bdtstothe specified tarque

Oil Filter Bolt Torque N-m(kgf-m/Ib.ft)
| 14-24(1.4-2.4/10 - 17)

Sol enoi d

D Irstd | the sdenad, corect thelink rod wth the
stop lever on the injection punp, and sem-tighten
thefixing bdt.

2 Adust the sdenoidinstalationsothat the gap
between the stop | ever and stopper on the
inectionpunp is brought towthin 0.7 - 1.2 nm
when the sol enoid val ve i s energi zed on.

3 Tigtenthe sdenoidfixing bdts tothe specified
torqe

A Wihtheengne runing ontrid, be sure that
the engine is stopped, wen the starter swtchis
tunedto off position
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LUBRI CATI NG SYSTEM

MAI N DATA AND SPECI FI CATI ONS

Item 4JG1

Oil pump type Trochoid

Delivery volume Lit(gts)/min. 17.5 (18.4)
Pump speed 1000
Delivery pressure kPa(kgf/cm?/psi) 392 (4.0/57)
Oil temperature °C(°F) 47 - 53 (116.6 — 127.4)
Engine oil SAE 30

Oil filter type Full flow with cartridge paper element
Regulating valve kPa(kgf/cm?/psi) 420 - 460 (4.3 - 4.7/61 - 67)
opening pressure
Relief valve opening kPa(kgf/cm?/psi) 79-118 (0.8 -1.2/11-17)
pressure

Qil cooler type (if so equipped) Water-cooled
Safety valve opening kPa(kgf/cm?/psi) 225 - 265 (2.3-2.7/33 - 38)
pressure
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G\ ESRPITON

LUBRI CATI NG O L FLOW
Thisillustrationis besed on 4J Sxies engne wth ol coder (option).
Lubricating ol flownay vary according to the engi ne specification.

Battery ' Warning
f _____ Light
— Cb Qil pressure switch

Cylinder block oil gallery

I
Idle gear
Oil filter : shaft
[ Filter cartridge
| [ - Crank shaft Camshaft Vacuum
i Main flow I bearing bearing pump
l oil filter J Oil pipe T
- Rocker arm
shaft
Relief valve c . I
(98+20kPa) onnecting
rod bearing
—J 'rlmlng Rocker arm
gears
Qil pump . |Regulating
valve
I (441+20kPa)
Oil strainer
Oil pan

The 4 Syies engne luricating systemis aful forced circu ation type.
Lubricating ol is punped fromthe ol punp tothe cylinder body ol gallery through the oil cod er and the
al filter. It isthenddiveredtothevitd parts o the egne framthe cylinder body dl gdlery.
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oL PUWP

4) Sries engine are equipped wth a trochoid type oil punp.
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AL FILTER WTH BULT-IN QL COCOLER
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a L PUWP
«»| DISASSEMBLY

-

D sassenbly Steps
10l Ape

2. Srainer case

3. Punp cover

4. Vane
5.Runp body wth rotor pinion
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LUBRI CATI NG SYSTEM

I NSPECTI ON AND REPAI R

Mke the necessary adj ustnents, repairs, and part replacenents if excessive wear or danage i s di s-covered
duri ng i nspection Vane, Rotor, and Qover O earance .

se a feel er gauge to neasure the cl earance be-
@ tween the vane, the rotor, and the cover.

If the cl earance between the vane, the rotor, and the
cover exceeds the specified lint, therator set (pin
shaft, rator, and vane) nust be repl aced.

Vane, Rotor, and Cover Clearance mm(in)
Standard Limit
0.02 - 0.07 (0.0008 - 0.0026) 0.15 (0.006)

Fotor and Vane d ear ance

e a feel er gauge to neasure the cl earance be-
tween the rotor and the vane.

@ If the clearance between the rotor and the exceeds
the specified limit, therao kit (sheft, raar, ad vae)
nust be repl aced.

Rotor and Vane Clearance mm(in)
Standard Limit
0.14 (0.006) or less 0.20 (0.008)

Vane and Punp Body d earance

se a feel er gauge to neasure the cl earance be-

tween the vane and the punp body.

If the clearance between the vane and the punp body
@ exceeds the specified lint, the entire punp assentl y
must be repl aced.

Vane and Pump Body Clearance mmy(in)
Standard Limit
0.20 - 0.27 (0.008 - 0.011) 0.40 (0.016)
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REASSEMBLY

¥
o i
i

0

Reassenbly Steps

1. Funp body wth rotor and pinion 4.Sraner case
2. Vane 50l ppe

3. Punp cover
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AL FLTER WTH BULT-IN QL GOOLER

«i+| DISASSEMBLY

D sassenbly Steps

1 Danpuw 5. Sﬂf_etyvalve
2. Crtricedl filte 6. Rdief vdve
3.0l cde 7. Ol filter body

4. Orimng
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INFEOT ONAD AR

Mke the necessary adj ustnents, repairs, and part repl acenents if excessive wear or danage i s
di scovered during i nspecti on.

Regul ati ng Val ve

1 Atachanal pressre gawge tothe al gdlery near
thedl filte.

2. Sart the engine to check the regu ating va ve

openi ng pressure.
M Relief Valve Opening Pressure kPa(kgf/cm?/psi)
[ 421-462 (4.3 - 4.7/61 - 67) |

Ql ol er

Wt er Leakage At Vdter Passage

1 Hugonesided theal coder vater passage.

2. Sbmerge the ol coder invater.

3. Aply conpressed air (196 kPa (2 kgf/cni/ 28 psi))
tothe other side of the dl coder vater passage.

If ar budesrisetothe suface thereisvaer lea

kage.
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'+ REASSEMBLY

Reassenbl y Steps

1 Ol filter boy 5 0l code

2 Rief vdve 6 Ol filter catricge
3. Sfety vave 7. Danpu

4. Oring
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I nportant Qperations

2. Regul ating Val ve
Tigtentherdief vavetothe specified torque

Regulating Valve Torque N-m(kgf-m/Ib.ft)
| 25 - 34 (2.5 - 3.5/18 - 25) |

5 Ol Gder

D Aigntheal filter hdes wth the body knock
prsa imgtdlaion

2 Tigtenthe dl coder tothe specified torque

Qil Cooler Torque N-m(kgf-m/Ib.ft)
] 25 -34 (2.5 - 3.5/18 - 25) ]

6. Ol Filter Crtridge

1) Adyengnreal tothe Gring.

2 Tuninthecatridedl filte util thefilte sed-ing
face nakes contact wth the Qring.

3 Tuninthecartride al filter anaddtiod 1ad
[/4d atun

7. Dain Aug
Tigtenthe drain pug to the specified torque.

Drain Plug Torque N-m(kgf-m/Ib.ft)

j@\ | 20-30(2.0-3.0/14-22) |
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COOLI NG SYSTEM

M\ N DATA AND SO H GNIT QN6
. Item
Water pump type Centrifugal impeller
Pump to crankshaft speed ratio (To 1) 1.1
Delivery volume Lit(gts)/min. 100 (105.5)
Tolal head kPa 60

Pump speed at 3000 rpm
Water temperature at 30°C (86°F)
Pump bearing type

Thermostat type

Valve initial opening temperature °C(°F)
Valve full opening temperature °C(°F)
Valve lift at fully open position mm(in.)

Double row shaft
Wax pellet with jiggle valve
82 (180)

95 (203)

8.0 (0.31)
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&N ESRPTON

COOLANT FLOW
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The engi ne cod i ng systemconsi sts of the radiator, the wvater punp, the coding fan, and the thernostat.
To quickly increase col d engi ne cod ant tenperature for snmoth engine operation, the coolant is circu ated

by the vater punp and thernostat through the by-pass hose and back to the cylinder body. The cool ant
does nat circdaethroughtheradiator.

Wien the cool ant tenperature reaches 82°C (180*F), the thernostat will begin to open and a gradual |y
increasing anout of codant wll circdate through the radiator.

The thernostat wll be fully open when the coo ant tenperature reaches 95°C (203°F. Al of the codant is
nowcircu ating through the rad ator for effecti ve eng ne cod art.
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WATER PUMP

-

Acentrifuga type vater punp forcefully circu ates the cod art through the coding system
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COOLI NG SYSTEM

Mke the necessary adj ustnents, repairs, and part repl acenents if excessive wear or danage i s

di scovered duri ng i nspecti on.

i

THERNHA

INFEOT ONADREAR

Qperating Test
1. onpletely subnerge the thernostat in water.
2 Heat the vater.
Sir the vater constantly toavoid direct heat being
applied to the thernostat.

3. Qeck the thernostat initial opening tenperature.

Thermostat Initial Opening Temperature

OC(OF)

|

82 (180)

4. (heck the thernostat full opening tenperature.

Thermostat Full Opening Temperature

OC(OF)

95 (203)

]

Valve Lift at Fully Open Position

mm(in.)

8.0 (0.315)

I
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FUEL SYSTEM

M N DATA AND SFHI H G\l 6

Item

Injection pump type
Plunger outside diameter mm(in.)
Governor type
Fuel feed pump type
Injection nozzle type
Number of injection nozzle orifices
Injection nozzle orifice inside diameter mm(in.)
Injection nozzle opening pressure MPa(kg/cm?/psi)
Main fuel filter type

Bosch A type

9.0 (0.35)
RSV variable speed mechanical type

Single action

Hole type
5
1.0 (0.039)
18.1 (185/2,630)
Cartridge paper element
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&AL SR PITON

FUEL FLOW

Nozzle

Water seperator = fcg )
. ﬁd\*’“g kr

Injection pump

Fuel tank J

The fud systemcosists of the fud tak, the vater separatar (if so equipped), the fud filter, the ifetion
punp, and the injection nozzl e

The fuel fromthe fuel tank passes through the vater separator and the fuel filter where vater particles and
other foreign naterial are renoved fromthe fuel .

Fuel, fed by the injection punp plunger, is ddiveredtothe inection nozzle inthe neasured vol une a the
opti numtining for efficient engine operation.
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I NJECTI ON NOZZLE

Py ——

Nozzle holder

Adjusting shim

Spring I
Spring seat a
¥
Injection nozzle

Retaing nut

Ahde (wth5 orifices) typeinectionnozzle is used. It consists of the nozzl e body and the need e va ve
assenbl y.

The injection nozzl e sprays pressurized fuel fromthe injection punp into the contusti on chanter
through the nozzl e body injection orifice
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FUEL FI LTER AND WATER SEPARATOR

_____ ] i
|
[ » !
ﬂu R RR AR AR RRRRERRRARRERRNE 18 =—Drain Level
(- " 1)

Acartridge type fud filter and avater separator are used

Mstheimside of theinectionpunpis luricaed by the fud vhichit is puping the fud nost be perfectly
clean. The fuel filter and the vater separator renove vater particles and other foreign nateria fromthe

fud before it reaches the injection punp.

The vater separator has aninterna float. Wen the float reaches the drain level, renind you to drain the
vater fromthe vater separator.
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| NECT ONNAE

»>

«,»| DISASSEMBLY

-
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4

— {

D sassenbly Steps
1. Rtanngnu

5. Sri
A2 . Inectionnozzle 6 iglgingsh'm
3. Spacer 7. Nzl e hol der

4. Sring seat
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FUEL SYSTEM

V I nportant Qperations

Ferformance this test before di sassenbling the
inection nozzl e

D Instdl theinection nozzle to the nozzl e tester.

2) We the nozzle tester to apply conpressed fud at
18.1 MPa (185 kgf/cn/ 2,630 psi) to the injection
nozzl e.

3)Check the area around the nozzl e seat for fue
leskage. If thereis fud leakage, the injection nozzle
and the injection body nust be repl aced as a set.

2.1njection Nozzl e

Renove the injecti on nozzl es fromthe nozzl e
hol ders.

The nozzl e needl e val ve and nozzl e body

conbi nat i ons nust be i nt erchange.

Inmerse the inectionozzles inatod tray filled
wthclean desel fud to pratect themfromadust.
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| NSPECTI ON AND REPAI R

Mke the necessary adj ustnents, repairs, and part repl acenents if excessive wear or danage i s
di scovered during i nspecti on.

I njection Nozzl e Needl e | nspection

1. Renove the nozzl e needl e fromthe nozzl e body.
2. Grefuly wash the nozzl e need e and the nozzl e
body inclean desd fud.

3. (heck that the nozzl e need e noves snoot hl y

i nside the injecti on nozzl e body.

If the nozzl e need e does not noves snoothly, it
nust be repai red (See “Nozzl e Lappi ng Procedur e”
bel ow)

Nozzl e Lappi ng Procedure

1. Lap the nozzle need e 1 and the nozzl e body 2 by
appl yi ng a conpound of oxi di zed chrone and ani nal
al 3

Not e:

Do not appl y an excessi ve anount of the oxi di zed
chrone and aninal oil conpound to the injection
need e val ve seat area

o‘ 2. Cxefully vash the need e val ve and the nozzl e
J 2] by indendesd fud dter laying

Nbzzl e Body and Needl e Val ve | nspection
Check the nozzl e body and the need e val ve for
danage and def or mat i on.

The nozzl e and body nust be replaced if either of
these two conditions are di scovered during i nspec-
tin

132



FUEL SYSTEM

-»:4- REASSEMBLY

Il

2
3
5 . %
° |
7
Reassenbl y Steps
1. Nozzl e hol der
2 . Adjusting shim 5. Soacer
3. Sring 6 . Injection nozzle
4. Sring seat 7. Retai ning nut
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V I nportant (perations

3. Adjust Shim
Adjust Shim Availability mm(in.)
Range 0.10-0.59 (0.0039-0.0232)

7. Retaining Nit

Tigtentotheretanng nut to the specified torque.
Retaining Nut Torque N-m(kgf-m/Ib.ft)
[ 29 - 39 (3 - 4/22 - 29)

I nj ection Nozzl e Adj ust nent

1 Atachtheinection nozzle hdder tothe inection
nozzl e tester.

2 Ay pressure to the nozzl e tester to check that
the injection nozzl e opens a the speci fied pressure.
If the inection nozzl e does not open at the specified
pressure, install or renove the appropriate nunber
o ajustingshing toad st it.

WARNI NG:

TEST FLU D FROM THE | NJECTI ON NQZZLE
TESTER W LL SPRAY OUT UNDER GREAT
PRESSURE. | T CAN EASILY PUNCTURE A
PERSON S SKIN. KEEP YOUR HANDS AVWAY
FROM THE | NJECTI ON NOZZLE TESTER

AT ALL TI MES.
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FUEL SYSTEM

| NJECTI ON PUMP CALI BRATI ON DATA

| DENTI FI CATI ON PLATE AND PRODUCT
- \ SERI AL NUMBER
[ 'ZEXEL'MADE'N] 1 . Injection punp adj ustnent and repai r shoul d be
Salal made by the nearest ZEXEL OCRPCRATI ON or
o) I A I o RCBERT BCBCH Aut hori zed Service Qutl et.
UMD NO. seesersererns 2. \iden you ask such authori zed service outlet the
NP-PE ssorseassmssens .. ad ustnent or regair, the idertification Aae and
L (LICENCE BOSCH) ) Product Serial Nunber wil give thema necessary
) cluetoget technical datadstributed by the
@ -+++Identification number nandf act urers previ ously.

Wthout this deta the Service Qitlet wil be undd e
to effectively service your inection punp.

If youare unaddetolocate the dataguicableto
your injection punp, please contact Ingersall-Rand
@. through your nachi ne supplier.

3. Do nat renove the Identification Hate and Roduct
Seria Nunber fromthe injection punp.

Keep the Identification Rate and Rroduct Serid
Nner clean a al tines. Dbnat alowit torust or
becone illeg b e

Note: Exanples of test conditions and calibration data are as fd | ovs.

TEST CONDI TI ONS REQUI RED FOR THE FUEL | NJECTI ON AMOUNT ADJUSTMENT

Injection Nozzle *ZEXEL No.: 105780-0000
Bosch Type No.: DN12SD12T
Injection Nozzle Holder ZEXEL No.: 105780-2080
Bosch Type No.: EF8511/9

Injection Starting Pressure MPa(kgf/cm?) 17.2 (175)
Injection Line Dimensions mm(in.) |

Inside Diameter 2.0 (0.079)

Outside Diameter = 2 1 6.0 (0.236)

Length o By SRR 600.0 (23.6)
Transfer Pump Pressure, e 1.6 (22.75)
Testing Diesel Fuel ISO4113 or SAE Standard Test Qil (SAEJ967D)
Operating Temperature °C(°F) 40 - 45 (104 - 113)
Pump Rotation Direction : Clockwise (Viewed from the drive side)
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FUEL SYSTEM INJ. PUMP CALIBRATION DATA  Ass’y No. 000000-0000

Date : [2]
ENGINE MODEL 4JB1PAW-01 Company : ISUZU
No. 0-00000-000-0
Injection pump : PES4A Governor : EP/RSV Timing device :
000000-0000 000000-0000
1. Test Conditions :
Pump rotation : clockwise (viewed from drive side)
Nozzle : 000000-0000 N~ vlder : 000000-0000
(BOSCH Type No. DN12SD12T) (BOSCH Type No. EF8511/9A)
Nozzle opening pressure : 175 kgf/cm? _«er pump pressure : 1.6 kgf/cm?
Injection pipe : Inner Dia. 2 mmr ; mm - Length 600 mm
Test Oil : ISO4113 or SAE Standard \AE J967d) Oil Temp. : 40*5°C
Overflow valve opening pressure : 1.5 kgf/cm?
2. Injection Timing :
Pre-stroke : No. 1 Plunger 3.3 +0.05 mm Note : Adjust with control rod position of mm
Injection order: 1 3,1 4.1 2
90°+30° 180°£30°  270°x30’
(interval : °+ 30')

Plungers are numbered from the Driver side.

Tappet clearance: Bolt adjustment type ; More than 0.3 mm for all cylinders.
Shim adjustment type ; Manually rotate the camshaft 2~3 times and confirm that
it rotates smoothly.

4. Injection Quantity :

. Rod Pump N . Max. var
Adjust- " Injection Q'ty .
ing point P?:]':T'Sn (Sr%eﬁ::l) (cc/1000 strokes) be(f%():yl Fixed Remarks
A 8.3 1,500 64 - 65 +25 Lever Basic
c APPTOX. | 500 95-135 +15 Rack
D Above 14.0 100 (70 - 85) - Lever
5. Timing advance specification :
Pump Speed
(r.p.m)
Advance
Angle (deg.)
= Z E X E L. ZEXEL CORPORATION 3-4-1 Kitano, Niiza-shi, Saitama-ken, 352 Japan
Service Department Tel. (048) 470-1559 - Fax. (048) 474-9856
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FUEL SYSTEM

GOVERNOR ADJUSTMENT
Full Adjustment
D
Above 14.0
Idle-sub spring setting
13.0
Governor spring setting
93 | _ _ |-
9.110.1 |
8.3 P\ :
E 7.8+0.1 : \/
5 |
2 \ XV,
- 6.3
3 4.310.4 \
] !
[ 4
\
\
|
|
|
l—1
0 160+30 250 500 (610) (1535) 1545 1610

Pump speed (rpm) —_—

Speed Lever Angle
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SECTI ON 9

TROUBLESHOQOTI NG
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TROUBL ESHOOTI NG

TROUBLESHOOTI NG

Refer tothis Section to quickly diagnose and repair engi ne probl ens.
Each troubl eshooti ng chart has three headings arranged froml eft to right.

(3) Qheckpoint (2) Troubl e Gause (3) Gount er neasur e
This Sectionis divided into ten sub-secti ons:

1.

8.

9.

Hrd Sarting
1) Sater ingperative

2) Sarter operates but engi ne does not turn over

3) Bgine turns over but does not start
Ustade lding
Insufficient Fover
Excessi ve Fuel (onsunption
Excessive @1 Gnsunpti on
Qrerheating
Wii te Exhaust Soke
Dar k Exhaust Shoke

Ol Pessure Does Not Hse

10. Abnornal Engi ne Noi se
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1. HARD STARTING
1. STARTER MOTOR INOPERATIVE

Checkpoint Trouble cause Countermeasure
Meutral switch (If so equipped) Defective neutral switch Replace the neutral switch
— - — -
Battery Loosa battery cable terminals Clean andfor retighten the battery
> Poor connections dug to rusting » cable terminals
Battery discharped or weak Recharge or replace the battery
L —
Fan belt loose or broken Adjust or replace the fan belt
L —»
¥
Fuzible link Fusible link shorted Replace the fusible link
— —»
Starter switch Defective starter switch or starter Replace the starter switch or the
> relay » starter relay
Starter molor Defective magnetic switch or starters Repair or replace the magnetic
» relay » switch
Starter muor Defective starter motor Repair or replace the starter motor
—» —
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1. HARD STARTING

2, STARTER MOTOR OPERATES BUT ENGINE DOES NOT TURN OVER

Checkpoint

Battery

Trouble Cause

Countermeasure

Loose battery cable terminals
Poar connections dug 1o rust

Clean and/or ratighten the battery
cable terminals

Battery discharged or weak

Recharge or replace the battery

h 4

Fan belt loose or broken

Adjust or replace the fan belt

Starter molon

Defective pinion gear

Replace the pinion gear

Drefective magnetic switch

Repair or replace the magnetic
switch

¥

Brush wear
Weak brush spring

Replace the brush and/or the brush
spring

Efgrine

Piston, crank bearing seizure, of
other damage

Repair of replace the related parts
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1. HARD STARTING

JLENGINE TURNS OVER BUT DOES NOT START

Checkpoint

Trouble cause

Countermeasure

Engine stop mechanism

Defective engine stop mechanism

Replace the enging stop mechanism

{VE punp)

h control wire improperly adjusted Adjust the control wire
{ I lime prump)y
> Defective Tuel cut solenoid valve Replace the fuel cut solencid valve

FUEL IS NOT BEING DELIVERED TO THE INJECTION PUMP

Fuzl Fuel tank is empty Fill the fuel tank
—
Fuzl piping Clogged or damaged fuel lines Repair or replace the fuel lines
> Loose fuel line connections Retighten the fuel ling connections
Fuel filter Fuel filter overflow valve does not Repair or replace the fuel filter
h close overfllow valve
- Clogged fuel filter element Replace the fuel filter element or the
fuel filter cartridge
¥
Fuel system Adr in the feel system Bleed the air from the fuel system

v

Continued on the next page

142




HARD STARTING

3. ENGINE TURNS OVER BUT DOES NOT START

FUEL IS BEING DELIVERED TO THE INJECTION PUMP

Checkpoint

Continued from the previous page

Injection nozzle

Trouble canse

Countermeasure

v

Injection nozzle injection starting
pressure too low
Improper spray condition

Adjust or replace the injection nozzle

[mjection pump

Defective fuel injection nozzle
resulting in fuel drippage after fuel
injection

Replace the delivery valve

Defective injection pump control
rack operaticon

Repair or replace the injection pump
conirol rack

h J

Injection pump plunger worn or
stuck

Replace the injection pump plunger
assembly

Injection pumg {VE pump)

Injection pumg drive shalt seizure or
other damage

Replace the injection pump drive
shaft

Injection pumgp governor spring
seizure

Replace the injection pump governor
spring
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2. UNSTABLE IDLING

Checkpoint Trouble cause Countermeasure
Idling svatermn Idling improperly adjusted Adjust the idling
= _._ = F F v L C =
Fast idle speed contral device Defective fast idle spead control Repair or replace the fast idle speed
b davice comntral device
Accelerator control system Accelerator control system Adjust the accelerator control systam
’ improperly adjusted
Fuel system Fuel system leakage or blockage Repair or replace the fuel system
—
> Adr in the Tuel system Blead the air [rom the fuel svstem
- Water particles in the fuel svstem Change the fuel
¥
Fuel filter Clogged fuel filter element Replace the fuel filter element or the

fuel filter cartridge

v

Continued on the next page
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Checkpoint

Continued from the previous page

UNSTABLE IDLING

Trouble cause

Countermeasure

Injection puip

Defective governor lever operation

Repair or replace the governor lever

Regulator valve improperly adjusted
(WVE pump only}

Adjust or replace the regulator valve

Broken plunger spring

Replace the plunger spring

Worn plunger

Feplace the plunger assembly

Wormn camshafi {In-line pump only)

Replace the camshaft

Worn roller tappet| In-line pump
only)

Replace the roller tappet

¥

Worn cam disc (VE pump only)

Replace the cam disc

Continued on the next page
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2, UNSTABLE IDLING
Checkpoint Trouble cause Countermeasure
Continued from the previous page
Valve clearanca Valve clearance improperly adjusted Adjust the valve clearance
Blown out cylinder head gasket
Comprassion pressure Wom cylinder liner Replace the related parts
» Fiston ring sticking or broken
Improper valve seating
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Checkpoint

Air cleaner

y

Fuel

v

Fuel filter

v

Fugl fead pump

v

[njection nozzle

h i

Fuel imjection pipes

v

Continued on the next page

3.

INSUFFICIENT POWER

Trouble cause

Countermeasure

Clogged air cleaner elemeant

Clean or replace the air cleaner
elemeit

Water particles in the fuel

Replace the fuel

Clogged fuel filter element

Replace the fuel filter element or the
fuel filter cartridge

Defective fuel fead pump

Repair or replace the fuel fzed pump

Injection nozzla sticking

Eeplace the injection nozele

Injection nozzle injection starting
pressure too low
Improper spray condition

Adjust or replace the injection nozzle

Fuel injection pipes damaged or
obstructed

Replace the fuel injection pipes
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Checkpoint

Continued from the previous page

INSUFFICIENT POWER

Trouble cause

Countermeasure

Injection pump

¥

Defective regulating valve Repair or replace the regulating
(VE pumg only) » valve
Defective delivery valve Replace the delivery valve
—»
Defective timer Repair or replace the timer
—»
Worn cam dise (VE pump only) Replace the cam disc
—
Impraper contral lever operation Adjust or replace the control lever
—»
Adjust the injection tming
Defective injection timing Repair or raplace the injection pump
» timer
Weak governor spring Replace the governor spring
; »

Continued on the next page
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Checkpoint

L8

Continued from the previous page

[mjection pump

—»

¥

Turbocharger

¥

Continued on the next page

INSUFFICIENT POWER

Trouble cause

Countermeasure

Worn plunger

Replace the plunger assembly

Worn camshaft (In-ling pump only)

Replace the camshaft

Worn roller tappet {In-line pump
only)

Replace the roller tappet

Worn cam dise (VE pump only}

Replace the cam dise

Booster compensator pipe broken or
cracked

Replace the booster compensator
pipe

Exhaust gas leakage from the
exhaust system
Air leakage from the intake system

Repair or replace the related parts

Defective power echo gate

Repair or replace the power echo
gate
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3. INSUFFICIENT POWER

Checkpoint Trouble cause Countermeasure

Continued from the previous page

Turhacharger Defective turbocharger assembly Replace the turbocharger assembly
= _— ; ¥ —— F : ¥
Blown out cylinder head gashket
Compression pressure Worn cylinder liner Replace the related parts
b Piston ring sticking or broken P
Improper valve szating
Valve clearance Valve clearance improperly adjusted Adjusi the valve clearance
- propetly ady - d
Valve spring Valve spring weak or bioken Replace the valve spring
pring > pring > I pring
Exhaust svstem Exhaust pipe clogged Clean the exhaust pipe
5 » S 2 » P
Full load adjusting screw seal Oipen and set the adjusting scraw seal Adjust and reseal the adjusting screw
j » X . ) .

v
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Checkpoint

4.

EXCESSIVE FUEL CONSUMPTION

Trouble cause

Countermeasure

Fuel svstem

Fuel leakage

Repair o replace the fuel systeimn
related parts

v

Adr eleaner

Clogged air cleaner element

Clean or replace the air cleaner
element

v

[dling speed

Poorly adjusted idling speed

Adjust the idling speed

v

[mjection nozele

Injection nozzle injection starting
pressure too low
Improper spray condition

Adjust or replace the injection nozzle

!

Fuel imjection timing

Fuel injection timing improperly
adjusted

Adjust the fuel injection timing

!

[mjection pump

Defective delivery valve resulting is
fuel drippage after fuel injection

Replace the delivery valve

!

Turbocharger

Air leakage from the turbocharger
intake side

Repair the turbocharger intake side

v

Continued on the next page
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4. EXCESSIVE FUEL CONSUMPTION

Checkpoint Trouble cause Countermeasure

Continued from previous page

Turbocharger Defective turbocharger assembly Replace the tubocharger assembly
B » § ¥ >
Valve clearance Valve clearance improperly adjusted Adjust the valve clearance
> propetly ad) » :
Blown out cylinder head gasket
Compression pressure Worn cylinder liner Replace the related parts
» Piston ring sticking or broken b
Improper valve seating
Valve spring Valve spring weak or broken Replace the valve spring
pring > Spring » F prifg
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Checkpoint

5.

EXCESSIVE OIL CONSUMPTION

Trouble cause

Countermeasure

Engine oil

Engine oil unsuitable
Too much enging oil

Replace the engine oil
Correct the engine oil volume

v

il seal and gasket

Ol leakage from the oil seal and/or
the gasket

Replace the oil seal and'or the gasket

v

Adr breather

Clogged air breather

Clean the air breather

v

Inlet and exhaust valves

Defective valve seals
Wom valve stems and valve puides

Replace the valve seals, the valves,
and the valve guides

Valve seals

Piston rings

Piston rings wormn, broken or
improperly installed

Replace the piston rings or properly
install

v

Cylinder liners

Cwlinder liners scored or wom

Feplace the cylinder liners
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Checkpoint

0. OVERHEATING

Trouble cause

Countermeasure

Cooling water

Insufficient cooling water

Replenish the cooling water

v

Fan coupling( 11 so equipped)

(il leakage from the fan coupling

Replace the fan coupling

v

Fan belt Fan belt loose or cracked causing Replace the fan belt
slippage
Radiator Defective radiator cap or clogged Replace the radiator cap or clean the

radiator core

radiator core

v

Water pump

Defective water pump

Repair or replace the water pump

v

Cylinder head and cvlinder bodv

Defective szaling cap resulting in
water leakage

Replace the sealing cap

sealing cap

Thermostat

Defective thermaostat

Feplace the thermostat

v

Continued on the next page
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. OVERHEATING

Checkpoint Trouble cause

Continued from the previous page

Countermeasure

Clean the foreign material from the
cooling system

Cooling system Cooling system clogged by foreign
P | material
Fual injection timing Fuel injection timing improperly
» adjusted

Adjust the fuel injection timing
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7.

WHITE EXHAUST SMOKE

Checkpoint Trouble cause Countermeasure
Fuel Water particles in the fuel Replace the fuel
—
Fuel injection timing Delaved fuel injection timing Adjust the fuel injection timing
—»
Blown out cylinder head gasket
Compression pressure Worn cylinder liner Replace the ralated parts
» Piston ring sticking or broken
Improper valve seating or valve
Turbocharger Defective turbocharger Feplace the turbocharger
) —>
Inlet and exhaunst valves Deefective valve seals Feplace the valve seals, the valves,
WValve seals » Worn valve stems and valve guides and the valve guidas
Piston rings Piston rings worn, broken or Replace the piston rings or properly
» improperly installed inztall
Cylinder liners Cylinder liners scored or womn Eeplace the cylindar liners
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Checkpoint

DARK EXHAUST SMOKE

Trouble canse

Countermeasure

Air cleaner

Clogged air cleaner elemeant

Clean or replace the air cleaner

’ element
Injection nozzle injection starting
[njection nozzle pressure too low Adjust or replace the injection nozzle
> Improper spray condition
Fuel imjection timing Fuel injection timing improperly Adjust the fuel injection Hming
» adjusted
Defective delivery valve resulting in
Imjection pump fuel drippage after fuel injection Eeplace the delivery valve
—
> Excessive imjection volume Adjust the injection volume
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9, OIL PRESSURE DOES NOT RISE

Checkpoint Trouble cause Countermeasure

Improper viscosity engine odl Replace the engine o1l

Engine oil
» Too much engine ail » Correct the engine oil volume

v

Repair or replace the oil pressure

(il pressure gauge or unit oil Defective oil pressure gauge or unit gANEE O unit

pressure indicator light » Defective indicator light » Replace the indicator light
il filter Clogged o1l filter element Replace the oil filter element or the
— - —>

oil filter cartridge

v

Felief valve and by-pass valve Relief valve sticking and/or weak by- Replace the relief valve andfor the

» pass valve spring ’ by-pass valve spring
(Hl pump Clogeed oil pump strainer Clean the oil pump strainer
purmj » L pumyj » purmy
I | Worn oil pump related parts Replace the oil pump related parts
pruomp I > k prurmg P
L J

Rocker arm shafi Wom rocker arm bushing Replace the rocker arm bushing

> g » F §

v

Continued on the next page
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9.

Checkpoint

Continued from the previous page

Camshafi

OIL PRESSURE DOES NOT RISE

Trouble canse

Countermeasure

v

Worn camshafl and camshaft bearing

Replace the camshaft and the
camshaft bearings

Crankshafl and bearings

v

Wom crankshaft and bearings

Replace the crankshaft andf/or the
bearings
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Checkpoint

ABNORMAL ENGINE NOISE

1. Engine Knocking

Trouble canse

Countermeasure

Check to see that the enging has been thoroughly warmed up before beginning the troubleshooting procedure,

Fuel

Fuel unsuitable

Replace the fuel

v

Fuel injection timing

Fuel injection timing improperly
adjusted

Adjust the fuel injection timing

v

Injection nozzle

Improper injection nozzle starting
pressure and spray condition

Adjust or replace the injection nozzle

v

Compression pressure

Blown out head gasheat
Broken piston ring

Replace the head gasket or the piston
ring

v

2. Gas Leakage Noise

Exhaust pipes

Loosely connected exhanst pipes
Broken exhaust pipes

Tighten the exhaust pipe connactions
Replace the exhaust pipes

v

Injection nozeles and/or glow plugs

Loose injection nozzles and/'or glow
plugs

Replace the washers
Tighten the injection nozzles and’or
the glow plugs

v

Continued on the next page
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Checkpoint

Continued from the previous page

Exhaust manifold

ABNORMAL ENGINE NOISE

2. Gas Leakage Noise

Trouble cause

Countermeasure

v

Loozely connected exhaust manifold
and’or glow plugs

Tighten the exhaust manifold
connections

Cylinder head gashket

Damaged cvlinder head gasket

Replace the cylinder head gasket

3 .Continuous Noise

Fan belt

Loose fan belt

Feadjust the fan belt tension

v

Cooling fan

Loose cooling fan

Retighten the cooling fan

!

Water pump beatring

Worn or damaged water pump
bearing

Replace the water pump bearing

v

Allernator or vacuwm pump

Defective alternator or vacuum pump

Repair or replace the alternator or the
VECULITY FEILL[I]F!I

v

Valve clearance

Valve clearance improperly adjusted

Adjust the valve clearance
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Checkpoint

ADNORMAL ENGINE NOISE

4. Slapping Noise

Trouble cause

Countermeasure

Valve clearance

Valve clearance improperly adjusted

Adjust the valve clearance

v

Rocker arn

Damaged rocker arm

Replace the rocker arim

v

Flywheel

Loose flywheel bolts

Retighten the flywheel bolts

v

Crankshaft and thrust bearings

Worn or damaged crankshaft and /for
thrust bearings

Replace the crankshafl and/or the
thrust bearings

v

Crankshaft and connecting rod

Worn or damaged crankshaft and/or
connecting rod bearings

Replace the crankshaft and/or the
connecting rodd bearings

bearings

Connecting rod bushing and piston

Wom or damaged connecting rod
bushing and piston pin

Replace the connecting rod bushing
and/or the piston pin

v

Piston and cvlinder liner

Worn or damaged piston and
cylinder liner
Foreign material in the cylinder

Replace the piston and the cyvlinder
liner
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SECTI ON 10
REPAI R STANDARDS

TABLE G- CONTENTS

| TEM PAGE
(G 1= 2= N 1 = (&3]
22 L P (0= (0 530 > A (el

General Rul es
1. These tables provide standards relating the repair of the folowng diesd engine, Mdd A4JG

2. These Repair Sandards are based on inspection itens, together wth di nensions, assenbly standards,
lint values, and repair procedures.
(1) Noninal dinensions are the standard producti on val ues.
(2) Assently standards consi dered to be the val ues used as obj ectives during the assenbl y
procedures which followrepairs; as a. result, they nay be sonewhat at variance wth the assenl y
di nensi ons of a new engi ne.
(3) Lint val ues refer to the neasured val ues resul ting fromwear, etc., beyond which a part nust not
be used. |If a neasured val ue falls beyond the |int val ue, the part invol ved nust be repai red repl aced.
(4 “Repair Procedures” indicates nornal repair nethods.
(5 Wless aherwse stated, the unit of nunerical val ues intables shou d be taken to refer to
mllingters, nm(in).

3. Explanation of Terns Used in Tabl es
(D) The dinension of “wear” refers to the difference between the dinensions of a part vhichis not
vworn (or the “noninal di nension” of a part wthout wear) and the di nension of the part suffering
fromthe nost wear (the dinension of the worn part).
(2) Lheven wear neans the difference between the naxi numand nini numwear val ues.

4. Wenrepairs are requested on the overall engine, first performbench tests to deternmine what parts
require repairs, then performthe mini numdi sassenl y and repairs required to correct the probl ens.
Wen repai rs on a specific engine part are requested, repairs to be nade in reference to the rel evant
itens in accordance wth the repair standards listed in this nanua .
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REPAIR STANDARDS

juswaoe|dal (LL/9) (1sd/;wd/4By) ed
10 nedas aiinbai syea o6y salnuiw g :1s8) ainssald
, pade|dal aq Awoo.ov www_ 10 i abediem aoey saddn yo0|q JopuljA)
Isnw ‘sjqesiedas JoN 0z0 (200°0) S0°0
20°0 paaoxa 0} Jou
siapuljAd Buiioqybiau juasaid aq (6€00°0 - 0)
usamiaq uonosfoid |i1snw uonoaloid swog oL'0-0 o
Jaul| ul adualayiq T S m
3 Q
o -
uonosfoid Jaun ] a
g g
< <
(2200°0 — L000°0)
G500 - LLOO '
Jauij uois v —l— -—y
ddueled|d | -uswip piepuels yim | (09.L°€) (96L°€) J
Jsul| g JapuljA) |eoe|dal 1o ‘pasiedas aq | §'Ge eIq $°G66 "e1qg —/
(J9Y) |1snw seam days s1addn 0'0¢C
V-V 1e painseapy
810Q J8Ul| UO JedapN
%001 %002 %001 un uondwnsuod jio Bunesugny
pawnsse s| aoue -
-wiopad suibua map °%0vL %001 un uondwnsuod |an4
auiBbua seda. diedal pue
(epnuyje : : Ajlqusssesip
pue sjquassesig
uo Buipuadap saliea) auiBuas 10} swi)
wds (eLe/ee) (Lyy/LE) | (1sd/;wio/By) ed
00z peads auibus 2t Y0'E aunssaid uoissaidwod 1apuljA)
auibua wuepp
an|eA piepuels | uoisuswiqg ued jo | AiobBaien
sjusWWo) 81npadoud Jieday Hnwiq AlquIsssy leulwoN wa}| uoiloadsuy awenN 1ofey

164



Juswaoe|dal (LL/9) (1sd/;wio/3Bx) edy
10 Jiedas auinbai syea o6Y salnuIW € ‘3s9) ainssald-181ep\
(800°0) $s9| 10 aoepns
Jiedau
) [A] (¢00°0) S0°0 Buizunow pjojiuew jo abediepp
(¢Loo) . (soepuns
€70 %0031s Buipun Awoo 0 mm.w_ 10 . Buizunow) asey 1amo| peay
8|gemo||yy wnwixel ¢o (200°0) 50°0 19puijAd Jo ssaujey pue abediepp
(8L0°0) Amn.o 0
¥4 0c < g
$90e4INS Joeuod dej 0} 191IN9 apIs Isneyx3y 5 a
. V :1B8S SA|BA YHM YIPIM J0BIUO) o 5
ains aq ‘lledas JaYy | 1eas aAjeA Ylim Jieday . . ) o
(£80°0) (£90°0) = ©
ze L I 0
apis 19|u| 4 <
pesy 19puljAd JO 82BUNS JBMO|  ,1apuyAd 0}
woyy apnnoid Jou Isnpy adepns
sneyxa g 1ajul
(€90°0) (820°0) ( *oroues ™) vy /Houe8
9L L'l 8pIs isneyxy '8
oG¥ 9p!Is Isneyx3y (peay "
-0E 9pIS 18}u} uasui aoe|day i y “oPUiIAD)
0 :9|Bue jeas anjep '
9S
(050°0) (620°0) ’ (uesun)
. - |
8Z'L G9°0 8p!s 19|u| (1sneyxa pue 38|ul Y10q)
g :uoissaidap 1eas sAjep
anjeA piepuelg | uoisuawiq ued jo | Asobaje)
sSjUaWIWO) ainpaodoud Jieday nwi Alquiossy [euIwoN way| uoioadsui oweN | Joleny

165



REPAIR STANDARDS

SjeAlalul ,0¢L v

uonejuauo deb Buiy

Buu (900°0)  |(8200°0-ZL00°0)
10 01 wonog/do) oN L0 0£0°0 — 080°0 Bun 10
‘uondwnsuod jio 9A00.6
AAISS9IXa U] JNS3I ||IM d . ‘A 2An- 6 6
uone||eisul spiemyoeg 10 sBuLl oo:mo%._ Aooo. 0 Amoo.o _ Noc.ov c__ co_mcmo_ano :oW_._.m_ WMM M:
-dn s1 8BNS payew ! idey SL°0 0600 - 050°0 pug ! M1aq
s,Bull auns aq ‘uoisid adueles|)
uo sbuu uoissaidwod (900°0) (1LS500°0 — G€00°0) Bun uoissaidwos
Buijquiasse uaypp SL°0 0€L'0 - 0600 1s|
payoene Jspuedxs (85-2)
YIIM ainseajy aoe|day 96 — Ly Buu 10 W.
[]
=}
(rL=11) Buis uoissardwos | (46%) N =
G9L-0'LL pug uoisua| 2 M
aoe|day 5
(y'z-91) Buts uoissasdwoo .%
G€C- LSl IS @
Q
‘A — onn 5
ANS.o wo.o 0) BuLl 10 ()
0€'0-0¢°0 I
@
uoisid | (650°0) (020°'0—-GL00) Buus uoissaidwod
1o sBui soe|day gL 25°0-LEO pug deg Buiy uoisid
(¥10°0 — 800°0) Buis uoissaidwod
SE'0-0C°0 1L
uid uosid soejday ?.nmm..: Gmmm.r - vwmm.: Amow.m.: uid uoIsig
L6'EEBIQ | 000'VE—-G66'VE | O'YE elq
uid uossid (9000°0 - 2000°0) aouesea|d 3
10 uolsid aoejday LLO0-¥000 9joy uid uoisid pue uid uolsid m
3
N . »
ammm.w - m%ooe (ur 9/°7) ww oL
sixe Jofew 20e} Jaddn wouy uoisod apeub
£_>>.mocm‘_.mo_u 11apuljAd yum aosueles|)
sluawwio) 21npeooid Jieday | D ey | teunon, way uopoadsuy ek J%M_H\”o

166



REPAIR STANDARDS

uidyueso pue Bunea 9
(6£00°0) | (9200°0 - LL0O'0) A o Bunooues| S
Burieaq eoejday oL'o 990°0 - 620°0 usemiaq soueies)y| @
=
1} apis yoeq yiom nouny ,wa
a1ed aye) ‘ose sadoud pue Butieaq pos Buiosuuoy e
uonoaloid yum asoyy asn : : »
‘aoe|dau ‘obewep alanss
JO saseod ul !suung yum 1eab Buiy
si1eab uo Buidde| wiopay
(Le000) $$8] 10 W
Yeysyueud sdejday 800 (200°0) S0°0 inounli yeysjyueid M
aoepns Jsniy) Bunieaq | "oN (8LL00) (6€00°0) ?
s, 4eUSYUEID e BINSEa| sbulieaq i1sniy} aoejday 050 0L°0 Ae|d pua yeysyues) m
pasn aq azisiapun o @
jouued sbuiieaq azisiepun buueaq jeusnor w W.u
x 7]
Buiieaq soe|day (€¥00°0) (52000 - Z100°0) Buueaq pue |eusnof s
’ LLo €90°0-LEOO usamiaq asueues|) %
3§ 9pis }oeq yum peaids
a1ed aye} ‘ose 1adoud pue Buiieaq pue jeunor
uonoaloud yum asoyl asn : :
sued ¥60°0 €6 'eig “1 jeusnol
MaU yum aoe|das sAem|e aoe|day A ) uo Jeam
: GE00°0
puub o3 3dwene jou og 60°0 (95L°2)0Le1q lewnor | usasun
anjeA piepuelg | uoisuswiqg ued jo| Aiobale)
sjuswwWo) 2inpadoud Jleday nwin Alquessy [euILION wia}| uoiyoadsuy awepn | Joley

167



REPAIR STANDARDS

yeysweo aoejday Ammm..: AmB.m.P - mmo.m.: Amw.m.: 1eOM [euInof
09'6v ‘elQ | GL6'6V —GV66Y 0S "elg o
Q
Buieaq aoejday|  (L700°0) | (EE00°0 - 100'0) Bulieaq pue jeusnol 3
cLo G80°0 — G200 U9aMlaq aoueies|) =
=
eyswes aoe|ds (€00°0) (696°L) Jeam usAauN |euINO
Hey |dsy 500 05 "e1q | r
. (ww ool +ad)
aoe|dai Jo Jieday Amoo. 0) ww.w_v‘_o . wisija||esed M
SLo {(¢00°0) S0°0 a0y pua |jews 0} pus Big 2.
. @)
soe|day 1o Jieday Amoo 0) wm.m_ 1o ) (ww gL Jod) Isim} °
0z’0 (€00°0) S0°0 ajoy pus |jews 0} pus Big g
. . . o =)
pos Buioauuoo soeydey|  (BELO0) | (vl L0°0 - £00°0) Aejd pus uidyueid S @
SE0 06¢'0—-GLL0 pue poJ Buidsuuo) a >
a 3
(a1qejieae sazisiapun ou) (£80°2) dzislapun = @
punoib aq jou Isnw yueis) €6 "eiq Buueaq pos Bunosuuo) SH
]
pus 61q Buipjoy . o~ . uid uoysid Y
Uaym uollejos yloows uid 4o Buiysng aoe|day Awoo. 0) Awooo.o _ moo.o 0) pue Buiysng puajjews ¢
mo|je o} deb juaioiyng s0°0 0200 ~ 8000 usamiaq aoueses|)
uoisioaud uidyueud suoiseiqe 10 Joelu0d uidyue.o pue Bulieaq
ylim aieod |eroads aye | Jo00d yum sued aoejday po1 Buosuuco
! ! ! Us9M1aq 10e1u0)
anjeA pJepuels |[uoisuswiqg ued jo| AiobBaie)
sjuawwo) 2inpadoud Jleday nwi AlqUIBssY [euIwoN wia)| uonoadsu swen | soley

168



(800°0) (¥¥00°0 —200°0)

ale|d 1snuy) aoe|day g bDoe Aejd pua yeyswe)
0c0 ¥LL'0—-S0°0 M
(¥00°0) $s9| 10 5

yeysweo aoejday g ) . 1nouns yeyswe
oLo (8000°0) 20°0 o dO
3 e
5 3
. e 2| &

pailedal aq ued swed (ro'L) (99°L) H

uo Jeam dajs Joulp }eyswieo soejday Go'LY zo'zy S
a

ybiay we)

sjuswwo) ainpasoud Jieday Hwn m:ﬁ_\wﬁ%ﬂ“ﬁm cm_wﬂmw:_,__o way| uoiyoadsuyl M”.m% >“wwwv”o

169



REPAIR STANDARDS

Jeys wie Amﬁhov va.ﬁo B Q.ﬁov oo .
19%001 9oe|day s8'8L 00°6L ~ 86'8L Heys wue 19300y
elg elig
Heys (800°0) (200°0 — ¥000°0) Buiysnq pue yeys
Jo Buiysnq aoejday 20 S0°'0- 100 wie 19)004 U9aM]a( douelea|)
1snipy (oL0°0) (PI09)
ov'0 (Isneyxa g Jojul) souURILS|D BAJRA
(860°0) 6 599 10 m -
00 SL |y 4 uoneulpu|| <
-
(06°L) 2°8¥ (96°L) L'6¥ | wuw Wbus| sa14| 3
(%2}
(Ueg'L) wwgge| 2,
(Le/ee) (L5/6°92) (nbua) pajjeisul| @
144 V414 0] passaidwod uaypp)
(91/46%) N uoisua | <
(Z15°0) 0°€L [3sneyx3 peay JopuljAd < s
anjeAa GOCQ‘_@&.QE 0>OQN OU_JD w :nA\v
(¢Ls0) 0L | 19y| aA|eA o JybiaH ® a
3 3 3
1918603 apinb aAjeA (£50°0) L-L (0°0) 6€°L X3 %ﬂ» ssau}oIyl
ue aA|eA aoe|da : aAle
p | |dsy (L0°0) 6L°L NI ___ ssauyoIy | 1eA
ut ssaud pue apinb (8000°0) peay JapuljAo pue
aAjeA 01 |10 Ajddy z0°0 apInb aAjeA usamiaq 8oua1a)Ia}u|
(8600°0)  [(8€00°0 — S200°0) apinb pue wajs
suonisod saiyije | soylebo) apinb anjea sc’o 960°0 ~¥90°0 BAJBA JSNBYXS UBamiaq soueles|)
wials aA|eA ainses|y pue anjea aoe|day (800°0) (8200°0 — SL00"0) apInb aAjeA pue wals
¢0 LL0'0—-6€0°0 9A|BA 13]Ul UBBM]BQ dJueles|)
(PZLE0—-8LLE0)
gy . 1B9M WAJS BAJRA }Sneyxy
onen ooeydoy | (GOLED) 9EE'L-LZELEA  (gLe0)
88L 0 Iyere0-ezLe0) 87D
L96°L - 6v6°L “elq JB3M WJS BA|BA 13|U|
anjep
sjusWwWwoY ainpavold Jiedoy ywin piepuels :_n.v...._w_c:ww__o wa}| uonoadsul MMM_«% >“M__ww_~\.,m_o
Alqwassy IWON :

170



Jainjoeinuew wouy W > .mv 3
wall JapJo |edadg uoIpuUOod JudwWa|s 18ues|d Iy o = &8
’ 4 3°

jodde) aoejde (605°0) (LLS'0-0L5°0) Jajewelp in leam jadde
POORITH | egz1 667L - L6°2L 12WEIP 1IN0 L | os
ko) o o
1odde; eoejday (6€00°0) (¢Lo00) Apoq ‘|Ad pue M S S

oLo €00 1adde] usamiaq aoueliea|)
anjep
UL olg} ainpadold Jieday nwin piepueis uoisusung wa}| uondadsu) Hed jo | Alobaey
leuiwoN awepN Jolepy

Alqwassy

171



(L9 - L9/

LY —-€v) (1sd/;wd/4B%) Bd)  BA|BA JaI|a1 JBYY o
09Y — 02V |10 utew jo ainssaid Bunenbay =
aoe|day 19}14 |10 01 abewep pue Buib60|) %
(45221) 2005 "dwsy j10 4
(1sd £G/;wi0/yBY ) ed) 06€ o
€l ainssaid Buidwnd .W c
‘0g# 3v'S ‘wdi 000L c S
uw/ ajes Buidwng 3 S
. S ] =1
ooe|dal 10 Jjeday GE 0) :Fo.o wo.o 0) aueA pue 2 «Q
ov0 12°0-0Z0 Apoqg dwnd usamiaq asueiea|) - 0
o a
(800°0) $$3| 10 . g g
as 10j01 aoe|da 2JuRIR3|D SUBA pue 100 - 3
198 10304 S98ITH | “oz70 (900°0) ¥1°0 _ puedoon | o
<
1809 10 10301 'SUEA 88 0) Gmoo.o - wo.oo 0) 92ueIE3|D JOA0D pUR 10}0J ‘BUBA ®
aoe|day SL'0 L0'0-¢0'0
- ©
(82/2) Amw -w\ (15d/;Wo/4B%) edy g o
961 (wdi oopL) 8anssaud |10 Buneosugn m =
¥9-6¢ 3
anjeA plepuelg | uoisuswiq ued jo | Aiobaje)
sjuswiwo) 2inpagoud Jieday ywig Alqessy [euION w9} uolloadsui owepn | sofen

172



REPAIR STANDARDS

abewep -
°dA; ebprnied aoe|day 10 Buib60)o Juswala 18} 1y [8N4 ..mn_ S
2. Qo
'S|eas aAI109jap @ mv
aoe|dal Jo sjeday ‘s1apjoy ajzzou ‘sadid uonoalui m T
‘sadid |any as00| ‘paxoeud ‘pabbo)) : 3
alow 1o (UIGLE0)wwg .
' (4.€02) (1aA8| eas 1e)
sayoeal Yi| Jelsowsayl )
o1yMm 1e ainesadwa | J.56 ainjeradwa)l uado-||ny JeIsowsay |
*3994409u sI uoijesado (4o€8L — 9LL) (4.08L) (1aA8| eas 1e) ainjesadwal
J1 Jeisownsay) aoejday .78 - 08 2,28 B6unesado jeisowsayy jeiuy|
(unwiw
yoes ‘Ao
(N86/al 0°22) 463 0L 1snipy (o LEo Y 5
(9ouaiajay) s o
196Uy uollo9|jep Q n.lw..
YUMm ssald 119q ueq o nw
b (%)
5 P
Buiyonoy ase Apo =3
QET_M ncw ho__owEn_ (€150°0-81100) wuw Apoq dwnd pue o m
31 e0ejdoy 1o __mamm eL-€0 Ja|jedwi dwnd uaamiaq asueles|)
aiow 10 ed) 09 peay |e1o0]
(4098) 2,0€ dwa) 1a1em
00l ‘wdi 000€ paads Buidwind
ulw/ ales Buidwing
(6L00°0) (uonoalip |eiped)
soeyday rAlY) Janeyd Buuieaq |jeq dwnd Jajepp
anjeA piepuels | uoisuawiq ued jo | Asobaje)
sjuswwo) aiInpadold Jieday nwi Alquiessy [euIwoN wa}| uoiloadsu) awen 10fel

173



REPAIR STANDARDS

(800°0) (zo0)
lieda dap 1noiapu
leday z'0 50 yidep ) pun R
lojejnwwo)y| 2
(ve'L) (9z°1) - = o
ainjew.e aoejday V'LE "eIg z6 €1q ao m. W.
ogd
_ () @duessisal ) m -
‘youms aoe|dal 1100 1nyg | ([4.891 2,02 %€) | @ R
‘lewsouqe Aja1aAss si youms | S+
an|eA aduels|sal 109 §| _ (0) @ouessisal onsube | Qi
[10D sauaf 4 W
W
aoeiday | (€¥°0) LL (LL'0) 8L ybusjysnug| S
lieday Junow 3s007
(€2°0) (98°0) @
Bua =
g 77 yibua 5| _ m
I> o
(zo'L) (90°L) g =
aoe|da 1919w eip Buu di 9 o
|dey oz 1z 3 Ip buu dijs S 3 m
23
(o] —
119} 8q p|NOYs aoue)sisal . ©9
10 PUNOS [BWIOUGE OU lieday | (zL0°0) €0 1aneyo apis 1sniy | W S
:UO11e]0. YlooWS o} - =<
JooU2 pue puey Aq aieioy sbuiieaq soe|dey Janeyo Bunesg m. oLZo m
= o
ssal 1o =
10})01 doe|da nouni ye
4| (6e000) 10 inouni yeus
Jiedey ‘Buliim 03 uone|nsul s
: pabewep 10 sIND ‘SS8UBS00]| 10} y08Y) m
‘walsAs [eo11309]0 Jiedal pue o
¥99d ‘spaads [ewou je uonesipul dwej Buluiepy | 2 a m
Bunesado s suibus uaym = mm
s1yb Jojeoipul Bujutem § S8
SnjeA ols ed jo |Aiobaje
siuBWWO) 91npaooid Jredey nwr piepueis eunon. way) uonoadsul P Jolop

174



%001 s! Indino
auibua mau uaypp

SS9| 10 % 0L 1

3}28Yyo uoildwnsuoo |an4

aI0W 10 %06

3oayo indinQ

(409£1) 2,08 In0qQy

(Y9 -€v/Sv—€)

(1sd/zwd /46%) edy

duiaL 110 1snipy ainssauid |10 Bul
! - 1eo1gn
wdi 0opL Lyy —v6C It ! qnm] w._
Q
wdi 0oz Inoqe W
1sd/,wd /463) e 7]
auibua wuepp 108dsu| | ssa] 10 %G (tsd/zd /463) n__\,_m_mu:_;o usemiaq 3
- Q
uoissaidwod ul adualayiqg 5
3
wdi 0oz Inoge
aulbus wuepp 10adsuj Amrm.\mwv :.S&Fmv (1sd/;wd /46%) ed
¢e vo'e ainssaid uoissaidwod 1apuljA)
810W 10 sanuiW Qg uoneusado ui-uni suibug
punoj aie suoys 10 3 4 m
BuLIm 1o J1 oejday Bnid moio m ¢ 88
anjeA plepuelS | uoisuawiqg ued jo | AioBaje)
sjuswwo) 2Inpadoud Jieday nwi Alquiessy [euiwop wayj uonoadsuj aswepy | solepy

175



CONVERSI ON TABLES

SECTI ON 11

I NOEX
CONTENTS PAGE
LN ..ottt e ettt ettt ettt ettt ettt ettt ettt %
< PP 1B
T 11 £ P 1B
1 i'S))
=33 = P B
L0 T PPN »
2 2= (PP UPTPRPI »
MILLIMETERS TO INCHES INCHES TO MILLIMETERS
mm in. mm in. mm in. mm in. in. mm in. mm
1 0.0394 26 1.0236 51 2.0079 76 2.9921 1/64 | 0.3969 33/64 | 13.0969
2 0.0787 27 1.0630 52 2.0472 77 3.0315 1/32 0.7938 17/32 13.4938
3 0.1181 28 1.1024 53 2.0866 78 3.0709 3/64 | 1.1906 35/64 | 13.8906
4 0.1575 29 1.1417 54 2.1260 79 3.1102 1/16 1.5875 9/16 14.2875
5 0.1969 30 1.1811 55 2.1654 80 3.1496 5/64 | 1.9844 37/64 | 14.6844
6 0.2362 31 1.2205 56 2.2047 81 3.1890 3/32 2.3813 19/32 15.0813
7 0.2756 32 1.2598 57 2.2441 82 3.2283 7/64 | 2.7781 39/64 | 15.4781
8 0.3150 33 1.2992 58 2.2835 83 3.2677 1/8 3.1750 5/8 15.8750
9 0.3543 34 1.3386 59 2.3228 84 3.3071 9/64 | 3.5719 41/64 | 16.2719
10 0.3937 35 1.3780 60 2.3622 85 3.3465 5/32 3.9688 21/32 16.6688
1 0.4331 36 1.4173 61 2.4016 86 3.3858 11/64 | 4.3656 43/64 | 17.0656
12 0.4724 37 1.4567 62 2.4409 87 3.4252 3/16 4.7625 | 11/16 17.4625
13 0.5118 38 1.4961 63 2.4803 88 3.4646 13/64 | 5.1594 45/64 | 17.8594
14 0.5512 39 1.5354 64 2.5197 89 3.5039 7/32 5.5563 23/32 18.2563
15 0.5906 40 1.5748 65 2.5591 90 3.5433 15/64 | 5.9531 47/64 | 18.6531
16 0.6299 41 1.6142 66 2.5984 91 3.5827 1/4 6.3500 3/4 19.0500
17 0.6693 42 1.6535 67 2.6378 92 3.6220 17/64 | 6.7469 49/64 | 19.4469
18 0.7087 43 1.6929 68 2.6772 93 3.6614 9/32 7.1438 25/32 19.8438
19 0.7480 44 1.7323 69 2.7165 94 3.7008 19/64 | 7.5406 ) 51/64 | 20.2406
20 0.7874 45 1.7717 70 2.7559 95 3.7402 5/16 7.9375 | 13/16 20.6375
21 0.8268 46 1.8110 71 2.7953 96 3.7795 21/64 | 8.3344 53/64 | 21.0344
22 0.8661 47 1.8504 72 2.8346 97 3.8189 11/32 8.7313 27/32 21.4313
23 0.9055 48 1.8898 73 2.8740 98 3.8583 23/64 | 9.1281 55/64 | 21.8281
24 0.9449 49 1.9291 74 29134 99 3.8976 3/8 9.5250 7/8 22.2250
25 0.9843 50 1.9685 75 2.9528 100 3.9370 25/64 | 9.9219 57/64 | 22.6219
13/32 10.3188 29/32 23.0188
101 3.9764 m 437017 | 121 4.7638 131 5.1575 27/64 | 10.7156 59/64 | 23.4156
102 4.0157 112 4.4094 122 4.8031 132 5.1968 7/16 11.1125 | 15/16 23.8125
103 4.0551 113 4.4488 123 48425 133 5.2362 29/64 | 11.5094 61/64 | 24.2094
104 4.0945 | 114 4.4882 | 124 48819 | 134 5.2756 15/32 11.9063 31/32 24.6063
105 41339 | 115 45276 | 125 49213 | 135 5.3150 31/64 | 12.3031 63/64 | 25.0031
106 41732 | 116 45669 | 126 49606 | 136 5.3543 1/2 12.7000 1 25.4000
107 4.2126 | 117 4.6063 | 127 5.0000 | 137 5.3937
108 4.2520 118 4.6457 128 5.0394 138 5.4331
109 42913 | 119 4.6850 | 129 5.0787 | 139 5.4724
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CONVERSION TABLE

LENGTH
FEET TO METERS
ft. 0 1 2 3 4 5 6 7 8 9 ft.
m m m m m m m m m m

—_ —_— 0.305 0.610 0914 1.219 1.524 1.829 2.134 2.438 2.743 —
10 3.048 3.353 3.658 3.962 4.267 4.572 4.877 5.182 5.486 5.791 10
20 6.096 6.401 6.706 7.010 7.315 7.620 7.925 8.230 8.534 8.839 20
30 9.144 9.449 9.754 10.058 10.363 10.668 10.973 11.278 11.582 11.887 30
40 12.192 12.497 12.802 13.106 13.411 13.716 14.021 14.326 14.630 14.935 40
50 15.240 15.545 15.850 16.154 16.459 16.764 17.069 17.374 17.678 17.983 50
60 18.288 18.593 18.898 19.202 19.507 19.812 20.117 20.422 20.726 21.031 60
70 21.336 21.641 21.946 22.250 22.555 22.860 23.165 23.470 23.774 24,079 70
80 24.384 24.689 24.994 25.298 25.603 25.908 26.213 26.518 26.822 27.127 80
90 27.432 27.737 28.042 28.346 28.651 28.956 29.261 29.566 29.870 30.175 90

100 30.480 30.785 31.090 31.394 31.699 32.004 32.309 32.614 32.918 33.223 100

METERS TO FEET

m 0 1 2 3 4 5 6 7 8 9

ft. ft. ft. ft. ft. ft. ft. ft. ft. ft.

— — 3.2808 6.5617 9.8425 13.1234 16.4042 19.6850 22.9659 26.2467 29.5276 —
10 32.8084 36.0892 39.3701 42.6509 45.9318 49.2126 52.4934 55.7743 59.0551 62.3360 10
20 65.6168 68.8976 72.1785 75.4593 78.7402 82.0210 85.3018 88.5827 91.8635 95.1444 20
30 98.4252 101.7060 104.9869 108.2677 111.5486 114.8294 118.1102 121.3911 124.6719 127.9528 30
40 131.2336 134.5144 137.7953 141.0761 144.3570 147.6378 150.9186 154.1995 157.4803 160.7612 40
50 164.0420 167.3228 170.6037 173.8845 177.1654 180.4462 183.7270 187.0079 190.2887 193.5696 50
60 196.8504 | 200.1312 | 203.4121 206.6929 | 209.9738 | 213.2546 | 216.5354 | 219.8163 | 223.0971 226.3780 60
70 229.6588 232.9396 236.2205 239.5013 242.7822 246.0630 249.3438 252.6247 255.9055 259.1864 70
80 262.4672 | 265.7480 | 269.0289 | 272.3097 | 275.5906 | 278.8714 | 282.1522 | 285.4331 288.7139 | 291.9948 80
90 295.2756 | 298.5564 | 301.8373 | 305.1181 308.3990 | 311.6798 | 314.9606 | 318.2415 | 321.5223 | 324.8032 90

100 328.0840 | 331.3648 | 334.6457 | 337.9265 | 341.2074 | 344.4882 | 347.7690 | 351.0499 | 354.3307 | 357.6116 100

MILES TO KILOMETERS
miles 0 1 2 3 4 5 6 7 8 9
km km km km km km km km km km

— —_ 1.609 3.219 4.828 6.437 8.047 9.656 11.265 12.875 14.484 —_
10 16.093 17.703 19.312 20.921 22.531 24.140 25.750 27.359 28.968 30.578 10
20 32.187 33.796 35.406 37.015 38.624 40.234 41.843 43.452 45.062 46.671 20
30 48.280 49.890 51.499 53.108 54.718 56.327 57.936 59.546 61.155 62.764 30
40 64.374 65.983 67.592 69.202 70.811 72.420 74.030 75.639 77.249 78.858 40
50 80.467 82.077 83.686 85.295 86.905 88.514 90.123 91.733 93.342 94.951 50
60 96.561 98.170 99.779 101.389 102.998 104.607 106.217 107.826 109.435 111.045 60
70 112.654 114.263 115.873 117.482 119.091 120.701 122.310 123.919 125.529 127.138 70
80 128.748 130.357 131.966 133.576 135.185 136.794 138.404 140.013 141.622 143.232 80
90 144.841 146.450 148.060 149.669 151.278 152.888 154.497 156.106 157.716 159.325 90

100 160.934 162.544 164.153 165.762 167.372 168.981 170.590 172.200 173.809 175.418 100

KILOMETERS TO MILES

km 0 1 2 3 4 5 6 7 B 9

miles miles miles miles miles miles miles miles miles miles

—_— —_ 0.621 1.243 1.864 2.485 3.107 3.728 4.350 4.971 5.592 —
10 6.214 6.835 7.456 8.078 8.699 9.321 9.942 10.563 11.185 11.806 10
20 12.427 13.049 13.670 14.292 14.913 15.534 16.156 16.777 17.398 18.020 20
30 18.641 19.262 19.884 20.505 21.127 21.748 22.369 22.991 23.612 24.233 30
40 24.855 25.476 26.098 26.719 27.340 27.962 28.583 29.204 29.826 30.447 40
50 31.069 31.690 32.311 32.933 33.554 34.175 34.797 35.418 36.039 36.661 50
60 37.282 37.904 38.525 39.146 39.768 40.389 41.010 41.632 42.253 42.875 60
70 43.496 44.117 44.739 45.360 45.981 46.603 47.224 47.845 48.467 49.088 70
80 49.710 50.331 50.952 51.574 52.195 52.816 53.438 54.059 54.681 55.302 80
90 55.923 56.545 57.166 57.787 58.409 59.030 59.652 60.273 60.894 61.516 90
100 62.137 62.758 63.380 64.001 64.622 65.244 65.865 66.487 67.108 67.729 100
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CONVERSION TABLE

AREA
SQUARE INCHES TO SQUARE CENTIMETERS

in? 0 1 2 3 4 5 6 7 8 9 in?

cm? cm? cm? cm? cm? cm? cm? cm? cm? cm?

— — 6.452 12.903 19.355 25.806 32.258 38.710 45.161 51.613 58.064 —
10 64.516 70.968 77.419 83.871 90.322 96.774 103.226 109.677 116.129 122.580 10
20 129.032 135.484 141.935 148.387 1654.838 161.290 167.742 174.193 180.645 187.096 20
30 193.548 200.000 206.451 212.903 219.354 225.806 232.258 238.709 245.161 251.612 30
40 258.064 264.516 270.967 277.419 283.870 290.322 296.774 303.225 309.677 316.128 40
50 322.580 329.032 335.483 341.935 348.386 354.838 361.290 367.741 374.193 380.644 50
60 387.096 393.548 399.999 406.451 412.902 419.354 425.806 432.257 438.709 445.160 60
70 451.612 458.064 464.515 470.967 477.418 483.870 490.322 496.773 503.225 509.676 70
80 516.128 522.580 529.031 635.483 541.934 548.386 554.838 561.289 567.741 574.192 80
90 580.644 587.096 593.547 599.999 606.450 612.902 619.354 625.805 632.257 638.708 90

100 645.160 651.612 658.063 664.515 670.966 677.418 683.870 690.321 696.773 703.224 100

SQUARE CENTIMETERS TO SQUARE INCHES

cm? 0 1 2 3 4 5 6 7 8 9 cm?

in? in? in2 in2 in2 in? in2 in2 in2 in2

— — 0.155 0.310 0.465 0.620 0.775 0.930 1.085 1.240 1.395 —
10 1.650 1.705 1.860 2.015 2.170 2.325 2.480 2.635 2.790 2,945 10
20 3.100 3.255 3.410 3.565 3.720 3.875 4.030 4.185 4.340 4.495 20
30 4.650 4.805 4.960 5.115 5.270 5.425 5.580 5.735 5.890 6.045 30
40 6.200 6.355 6.510 6.665 6.820 6.975 7.130 7.285 7.440 7.595 40
50 7.750 7.905 8.060 8.215 8.370 8.525 8.680 8.835 8.990 9.145 50
60 9.300 9.455 9.610 9.765 9.920 10.075 10.230 10.385 10.540 10.695 60
70 10.850 11.005 11.160 11.315 11.470 11.625 11.780 11.935 12.090 12.245 70
80 12.400 12.555 12.710 12.865 13.020 13.175 13.330 13.485 13.640 13.795 80
920 13.950 14.105 14.260 14.415 14.570 14.725 14.880 15.035 15.190 15.345 90

100 15.500 15.655 15.810 15.965 16.120 16.275 16.430 16.585 16.740 16.895 100

VOLUME
CUBIC INCHES TO CUBIC CENTIMETERS

in3 0 1 2 3 4 5 6 7 8 9 in®

cm?¥(cc) cm3(cc) cmd(cc) cmd(cc) cm¥(cc) cmd(cc) cm3(cc) cmd(cc) cm3(cc) cm?¥(cc)

— —_ 16.387 32.774 49.161 65.548 81.935 98.322 114.709 131.097 147.484 —
10 163.871 180.258 196.645 213.032 229.419 245.806 262.193 278.580 294.967 311.354 10
20 327.741 344.128 360.515 376.902 393.290 409.677 426.064 442.451 458.838 475.225 20
30 491.612 507.999 524.386 540.773 557.160 573.547 589.934 606.321 622.708 639.095 30
40 655.483 671.870 688.257 704.644 721.031 737.418 753.805 770.192 786.579 802.966 40
50 819.353 835.740 852.127 868.514 884.901 901.289 917.676 934.063 950.450 966.837 50
60 983.224 999.611 1015.998 1032.385 1048.772 1065.159 1081.546 1097.933 1114.320 1130.707 60
70 1147.094 1163.482 1179.869 1196.256 1212.643 1229.030 1245.417 1261.804 1278.191 1294.578 70
80 1310.965 1327.352 1343.739 1360.126 1376.513 | 1392.900 1409.288 1425.675 1442.062 1458.449 80
90 1474.836 1491.223 1507.610 1523.997 1540.384 1556.771 1573.158 1589.545 1605.932 1622.319 90

100 1638.706 1655.093 1671.481 1687.868 1704.255 1720.642 1737.029 1753.416 1769.803 1786.190 100

CUBIC CENTIMETERS TO CUBIC INCHES
cm?¥(cc) 0 1 2 3 4 5 6 7 8 9 cm?¥(cc)
in3 in3 ind in3 ind ind ind in3 in3 in3

— — 0.0610 0.1220 0.1831 0.2441 0.3051 0.3661 0.4272 0.4882 0.5492 —
10 0.6102 0.6713 0.7323 0.7933 0.8543 0.9153 0.9764 1.0374 1.0984 1.1594 10
20 1.2205 1.2815 1.3425 1.4035 1.4646 1.5256 1.5866 1.6476 1.7086 1.7697 20
30 1.8307 1.8917 1.9527 2.0138 2.0748 2.1358 2.1968 2.2579 2.3190 2.3799 30
40 2.4409 2.5020 2.5630 2.6240 2.6850 2.7460 2.8071 2.8681 2.9291 2.9901 40
50 3.0512 3.1122 3.1732 3.2342 3.2952° 3.3563 3.4173 3.4783 3.5393 3.6004 50
60 3.6614 3.7224 3.7834 3.8444 3.9055 3.9665 4.0275 4.0885 4.1496 4.2106 60
70 4.2716 4.3326 4.3937 4.4547 4.5157 4.5767 4.6377 4.6988 4.7598 4.8208 70
80 4.8818 4.9429 5.0039 5.0649 5.1259 5.1870 5.2480 5.3090 5.3700 5.4310 80
90 5.4921 5.5531 5.6141 5.6751 5.7362 5.7972 5.8582 5.9192 5.9803 6.0413 90

100 6.1023 6.1633 6.2243 6.2854 6.3464 6.4074 6.4684 6.5295 6.5905 6.6515 100




CONVERSION TABLE

VOLUME
GALLONS (U.S.) TO LITERS
U.S. gal. 0 1 2 3 4 5 6 7 8 9 U.S.gal.
liters liters liters liters liters liters liters liters liters liters

— — 3.7854 7.5709 11.3563 15.1417 18.9271 22.7126 26.4980 30.2834 34.0688 —_
10 37.8543 41.6397 45.4251 49.2105 52.9960 56.7814 60.5668 64.3523 68.1377 71.9231 10
20 75.7085 79.4940 83.2794 87.0648 90.8502 94.6357 98.4211 102.2065 105.9920 109.7774 20
30 113.5628 117.3482 121.1337 124.9191 128.7045 132.4899 136.2754 140.0608 143.8462 147.6316 30
40 151.4171 155.2025 158.9879 162.7734 166.5588 170.3442 174.1296 177.9151 181.7005 185.4859 40
50 189.2713 193.0568 196.8422 | 200.6276 | 204.4131 208.1985 | 211.9839 | 215.7693 | 219.5548 | 223.3402 50
60 227.1256 | 230.9110 | 234.6965 | 238.4819 | 242.2673 | 246.0527 | 249.8382 | 253.6236 | 257.4090 | 261.1945 60
70 264.9799 | 268.7653 | 272.5507 | 276.3362 | 280.1216 | 283.9070 | 287.6924 | 291.4779 | 295.2633 | 299.0487 70
80 302.8342 | 306.6196 | 310.4050 | 314.1904 | 317.9759 | 321.7613 | 325.5467 | 329.3321 333.1176 | 336.9030 80
90 340.6884 | 344.4738 | 348.2593 | 352.0447 | 355.8301 359.6156 | 363.4010 | 367.1864 | 370.9718 | 374.7573 90

100 378.5427 | 382.3281 386.1135 | 389.8990 | 393.6844 | 397.4698 | 401.2553 | 405.0407 | 408.8261 412.6115 100

LITERS TO GALLONS (U.S.)
liters 0 1 2 3 4 5 6 7 8 9 liters
gal. gal. gal. gal. gal. gal. gal. gal. gal. gal.

—_ — 0.2642 0.5283 0.7925 1.0567 1.3209 1.5850 1.8492 2.1134 2.3775 —
10 2.6417 2.9059 3.1701 3.4342 3.6984 3.9626 4.2268 4.4909 4.7551 5.0193 10
20 5.2834 5.5476 5.8118 6.0760 6.3401 6.6043 6.8685 7.1326 7.3968 7.6610 20
30 7.9252 8.1893 8.4535 8.7177 8.9818 9.2460 9.5102 9.7744 10.0385 10.3027 30
40 10.5669 10.8311 11.0952 11.3594 11.6236 11.8877 12.1519 12.4161 12.6803 12.9444 40
50 13.2086 13.4728 13.7369 14.0011 14.2653 14.5295 14.7936 15.0578 15.3220 15.5861 50
60 15.8503 16.1145 16.3787 16.6428 16.9070 17.1712 17.4354 17.6995 17.9637 18.2279 60
70 18.4920 18.7562 19.0204 19.2846 19.5487 19.8129 20.0771 20.3412 20.6054 20.8696 70
80 21.1338 21.3979 21.6621 21.9263 22.1904 22.4546 22.7188 22.9830 23.2471 23.5113 80
90 23.7755 24.0397 24.3038 24.5680 24.8322 25.0963 25.3605 25.6247 25.8889 26.1530 90

100 26.4172 26.6814 26.9455 27.2097 27.4739 27.7381 28.0022 28.2664 28.5306 28.7947 100

GALLONS (IMP.) TO LITERS
Imp gal. 0 1 2 3 4 5 6 7 8 9 Imp gal.
liters liters liters liters liters liters liters liters liters liters

— —_ 4.5459 9.0918 13.6377 18.1836 22.7295 27.2754 31.8213 36.3672 40.9131 —_
10 45.4590 50.0049 54.5508 59.0967 63.6426 68.1885 72.7344 77.2803 81.8262 86.3721 10
20 90.9180 95.4639 100.0098 104.5557 109.1016 113.6475 | 118.1934 122.7393 | 127.2852 131.8311 20
30 136.3770 140.9229 145.4688 150.0147 154.5606 | 159.1065 | 163.6524 168.1983 | 172.7442 177.2901 30
40 181.8360 186.3819 190.9278 195.4737 | 200.0196 | 204.5655 | 209.1114 | 213.6573 | 218.2032 | 222.7491 40
50 227.2950 | 231.8409 | 236.3868 | 240.9327 | 245.4786 | 250.0245 | 254.5704 | 259.1163 | 263.6622 | 268.2081 50
60 2727540 | 277.2999 | 281.8458 | 286.3917 | 290.9376 | 295.4835 | 300.0294 | 304.5753 | 309.1212 | 313.6671 60
70 318.2130 | 322.7589 | 327.3048 | 331.8507 | 336.3966 | 340.9425 | 345.4884 | 350.0343 | 354.5802 | 359.1261 70
80 363.6720 | 368.2179 | 372.7638 | 377.3097 | 381.8556 | 386.4015 | 390.9474 | 395.4933 | 400.0392 | 404.5851 80
90 409.1310 | 413.6769 | 418.2228 | 422.7687 427.3146 | 431.8605 | 436.4064 | 440.9523 | 445.4982 | 450.0441 90

100 454.5900 | 459.1359 | 463.6818 | 468.2277 | 472.7736 | 477.3195 | 481.8654 | 486.4113 | 490.9572 | 495.5031 100

LITERS TO GALLONS (IMP.)

liters 0 1 2 3 4 5 6 7 8 9 liters

gal. gal. gal. gal. gal. gal. gal. gal. gal. gal.

- — 0.2200 0.4400 0.6599 0.8799 1.0999 1.3199 1.5399 1.7598 1.9798 —
10 2.1998 2.4198 2.6398 2.8597 3.0797 3.2997 3.5197 3.7397 3.9596 4.1796 10
20 4.3996 4.6196 * 4.8396 5.0595 5.2795 5.4995 5.7195 5.9395 6.1594 6.3794 20
30 6.5994 6.8194 7.0394 7.2593 7.4793 7.6993 7.9193 8.1393 8.3592 8.5792 30
40 8.7992 9.0192 9.2392 9.4591 9.6791 9.8991 10.1191 10.3391 10.5590 10.7790 40
50 10.9990 11.2190 11.4390 11.6589 11.8789 12.0989 12.3189 12.5389 12.7588 12.9788 50
60 13.1988 13.4188 13.6388 13.8587 14.0787 14.2987 14.5187 14.7387 14.9586 15.1786 60
70 15.3986 15.6186 15.8386 16.0585 16.2785 16.4985 16.7185 16.9385 17.1584 17.3784 70
80 17.5984 17.8184 18.0384 18.2583 18.4783 18.6983 18.9183 19.1383 19.3582 19.5782 80
90 19.7982 20.0182 20.2382 20.4581 20.6781 20.8981 21.1181 21.3381 21.5580 21.7780 90
100 21.9980 22.2180 22.4380 22.6579 22.8779 23.0979 23.3179 23.5379 23.7578 23.9778 100
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CONVERSION TABLE

MASS
POUNDS TO KILOGRAMS

Ibs. 0 1 2 3 4 5 6 7 8 9 Ibs.

kg kg kg kg kg kg kg kg kg kg

—_ —_ 0.454 0.907 1.361 1.814 2.268 2.722 3.175 3.629 4.082 —_
10 4.536 4.990 5.443 5.897 6.350 6.804 7.257 7.711 8.165 8.618 10
20 9.072 9.5625 9.979 10.433 10.886 11.340 11.793 12.247 12.701 13.154 20
30 13.608 14.061 14.515 14.970 15.422 15.876 16.329 16.783 17.237 17.690 30
40 18.144 18.597 19.051 19.504 19.958 20.412 20.865 21.319 21.772 22.226 40
50 22.680 23.133 23.587 24.040 24.494 24,948 25.401 25.855 26.308 26.762 50
60 27.216 27.669 28.123 28.576 29.030 29.484 29.937 30.391 30.844 31.298 60
70 31.751 32.205 32.659 33.112 33.566 34.019 34.473 34.927 35.380 35.834 70
80 36.287 36.741 37.195 37.648 38.102 38.555 39.009 39.463 39.916 40.370 80
90 40.823 41.277 41.731 42.184 42.638 43.091 43.545 43.998 44.452 44.905 90

100 45.359 45.813 46.267 46.720 47.174 47.627 48.081 48.534 48.988 49.442 100

KILOGRAMS TO POUNDS
kg 0 1 2 3 4 5 6 7 8 9 kg
Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs.

— — 2.205 4.409 6.614 8.818 11.023 13.228 15.432 17.637 19.842 —_—
10 22.046 24.251 26.455 28.660 30.865 33.069 35.274° 37.479 39.683 41.888 10
20 44.092 46.297 48.502 50.706 52.911 55.116 57.320 59.525 61.729 63.934 20
30 66.139 68.343 70.548 72.753 74.957 77.162 79.366 81.571 83.776 85.980 30
40 88.185 90.390 92.594 94.799 97.003 99.208 101.413 103.617 105.822 108.026 40
50 110.231 112.436 114.640 116.845 119.050 121.254 123.459 125.663 127.868 130.073 50
60 132.277 134.482 136.687 138.891 141.096 143.300 145.505 147.710 149.914 152.119 60
70 154.324 156.528 158.733 160.937 163.142 165.347 167.551 169.756 171.960 174.165 70
80 176.370 178.574 180.779 182.984 185.188 187.393 189.597 191.802 194.007 196.211 80
90 198.416 200.621 202.825 205.030 207.234 209.439 211.644 213.848 216.053 218.258 90

100 220.462 222.667 224.871 227.076 229.281 231.485 233.690 235.895 238.099 240.304 100

KILOGRAMS TO NEWTON
kgf 0 1 2 3 4 5 6 7 8 9 kgf
N N N N N N N N N N

—_ —_ 9.81 19.61 29.42 39.23 49.03 58.84 68.65 78.45 88.26 —_—
10 98.07 107.87 117.68 127.49 137.29 147.10 156.91 166.71 176.52 186.33 10
20 196.13 205.94 215.75 225.55 235.36 245.17 254.97 264.78 274.59 284.39 20
30 294.20 304.01 313.81 323.62 333.43 343.23 353.04 362.85 372.65 382.46 30
40 392.27 402.07 411.88 421.69 431.49 441.30 451.11 460.91 470.72 480.53 40
50 490.33 500.14 509.95 519.75 529.56 539.37 549.17 558.98 568.79 578.59 50
60 588.40 598.21 608.01 617.82 627.63 637.43 647.24 657.05 666.85 676.66 60
70 686.47 696.27 706.08 715.89 725.69 735.50 745.31 755.11 764.92 774.73 70
80 784.53 794.34 804.15 813.95 823.76 833.57 843.37 853.18 862.99 872.79 80
90 882.60 892.41 902.21 912.02 921.83 931.63 941.44 951.25 961.05 970.86 90

100 980.67 990.47 1000.28 1010.08 1019.89 1029.70 1039.50 1049.31 1059.12 1068.92 100

NEWTON TO KILOGRAMS
N 0 10 20 30 40 50 60 70 © 80 90 N
kgf kgf kgf kof kgf kgf kgf kgf kgf kgf

— —_ 1.020 2.039 3.059 4.079 5.099 6.118 7.138 8.158 9.177 —

100 10.197 11.217 12.237 13.256 14.276 15.296 16.316 17.335 18.355 19.375 100

200 20.394 21.414 22.434 23.454 24.473 25.493 26.513 27532 | 28552 29.572 200

300 30.592 31.611 32.631 33.651 34.670 35.690 36.710 37.730 38.749 39.769 300

400 40.789 41.809 42.828 43.848 44.868 45.887 46.907 47.927 48.947 49.966 400

500 50.986 52.006 53.025 54.045 55.065 56.085 57.104 58.124 59.144 60.163 500

600 61.183 62.203 63.223 64.242 65.262 66.282 67.302 68.321 69.341 70.361 600

700 71.380 72.400 73.420 74.440 75.459 76.479 77.499 78.518 79.538 80.558 700

800 81.578 82.597 83.617 84.637 85.656 86.676 87.696 88.716 89.735 90.755 800

900 91.775 92.795 93.814 94.834 95.854 96.873 97.893 98.913 99.933 100.952 900

1000 101.972 102.992 104.011 105.031 106.051 107.071 108.090 109.110 110.130 111.149 1000
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CONVERSION TABLE

PRESSURE
POUNDS PER SQUARE INCHES TO KILOGRAMS PER SQUARE CENTIMETERS
Ib/in? 0 1 2 3 4 5 6 7 8 9 Ib/in?
(psi) kgf/cm? kgf/cm? kgf/cm? kgf/cm? kgf/cm? kgf/cm? kgf/cm? kgf/cm? kgf/cm? kgf/cm? (psi)

— —_— 0.0703 0.1406 0.2109 0.2812 0.3515 0.4218 0.4921 0.5625 0.6328 —_
10 0.7031 0.7734 0.8437 0.9140 0.9843 1.0546 1.1249 1.1952 1.2655 1.3358 10
20 1.4061 1.4764 1.5468 1.6171 1.6874 1.7577 1.8280 1.8983 1.9686 2.0389 20
30 2.1092 2.1795 2.2498 2.3201 2.3904 2.4607 2.5311 2.6014 2.6717 2.7420 30
40 2.8123 2.8826 2.9529 3.0232 3.0935 3.1638 3.2341 3.3044 3.3747 3.4450 40
50 3.5154 3.5857 3.6560 3.7263 3.7966 3.8669 3.9372 4.0075 4.0778 4.1481 50
60 4.2184 4.2887 4.3590 4.4293 4.4996 4.5700 4.6403 4.7106 4.7809 4.8512 60
70 4.9215 4.9918 5.0621 5.1324 5.2027 5.2730 5.3433 5.4136 5.4839 5.5543 70
80 5.6246 5.6949 5.7652 5.8355 5.9058 5.9761 6.0464 6.1167 6.1870 6.2573 80
90 6.3276 6.3979 6.4682 6.5386 6.6089 6.6792 6.7495 6.8198 6.8901 6.9604 90

100 7.0307 7.1010 7.1713 7.2416 7.3119 7.3822 7.4525 7.5228 7.5932 7.6635 100

KILOGRAMS PER SQUARE CENTIMETERS TO POUNDS PER SQUARE INCHES
kgf/cm? 0 1 2 3 4 5 6 7 8 9 kgf/cm?
Ib/in?(psi) | Ib/in(psi) | Ib/in¥(psi) | Ib/in%(psi) | Ib/in%(psi) | Ib/in(psi) | Ib/in%(psi) | Ib/in%(psi) | Ib/in%(psi) | Ib/in%(psi)

— — 14.22 28.45 42.67 56.89 71.12 85.34 99.56 113.78 128.01 —
10 142.23 156.45 170.68 184.90 199.12 213.35 227.57 241.79 256.01 270.24 10
20 284.46 298.68 312.91 327.13 341.35 355.58 369.80 384.02 398.24 412.47 20
30 426.69 440.91 455.14 469.36 483.58 497.81 512.03 526.25 540.47 554.70 30
40 568.92 583.14 597.37 611.59 625.81 640.04 654.26 668.48 682.70 696.93 40
50 711.15 725.37 739.60 753.82 768.04 782.27 796.49 810.71 824.93 839.16 50
60 853.38 867.60 881.83 896.05 910.27 924.50 938.72 952.94 967.16 981.39 60
70 995.61 1009.83 1024.06 1038.28 1052.50 1066.73 1080.95 1095.17 1109.39 1123.62 70
80 1137.84 1152.06 1166.29 1180.51 1194.73 1208.96 1223.18 1237.40 1251.62 1265.85 80
90 1280.07 1294.29 1308.52 1322.74 1336.96 1351.19 1365.41 1379.63 1393.85 1408.08 90

100 1422.30 1436.52 1450.75 1464.97 1479.19 1493.42 1507.64 1521.86 1536.08 1550.31 100

KILOGRAMS PER SQUARE CENTIMETERS TO KILO PASCAL
kgf/cm? 0 1 2 3 4 5 6 7 8 9 kgf/cm?
KPa KPa KPa KPa KPa KPa KPa KPa KPa KPa

—_— —_— 98.1 196.1 294.2 392.3 490.3 588.4 686.5 784.5 882.6 —
10 980.7 1078.7 1176.8 1274.9 1372.9 1471.0 1569.1 1667.1 1765.2 1863.3 10
20 1961.3 2059.4 2157.5 2255.5 2353.6 24517 2549.7 2647.8 27459 2843.9 20
30 2942.0 3040.1 3138.1 3236.2 3334.3 34323 3530.4 3628.5 3726.5 3824.6 30
40 3922.7 4020.7 4118.8 4216.9 43149 4413.0 4511.1 4609.1 4707.2 4805.3 40
50 4903.4 5001.4 5099.5 5197.5 5295.6 5393.7 5491.8 5589.8 5687.9 5785.9 50
60 5884.0 5982.1 6080.1 6178.2 6276.3 6374.4 6472.4 6570.5 6668.6 6766.6 60
70 6864.7 6962.7 7060.8 7158.9 7256.9 7355.0 7453.1 7551.1 7649.2 7747.3 70
80 7845.3 7943.4 8041.5 8139.5 8237.6 8335.7 8433.7 8531.8 8629.9 8727.9 80
90 8826.0 8924.1 9022.1 9120.2 9218.3 9316.3 9414.4 9512.5 9610.5 9708.6 90

100 9806.7 9904.7 10002.8 10100.8 10198.9 10297.0 10395.1 10493.1 10591.2 10689.2 100

KILO PASCAL TO KILOGRAMS PER SQUARE CENTIMETERS
KPa 0 100 200 300 400 500 600 700 800 900 KPa
kgf/cm? kgf/cm? kgf/cm? kgf/cm? kgf/cm? kgf/cm? kgf/cm? kgf/cm? kgf/cm? kgf/cm?
— —_— 1.020 2.039 3.059 4.079 5.099 6.118 7.138 8.158 9.177 —_—

1000 10.197 11.217 12.237 13.256 14.276 15.296 16.316 17.335 18.355 19.375 1000
2000 20.394 21.414 . 22.434 23.454 24.473 25.493 26.513 27.532 28.552 29.572 2000
3000 30.592 31.611 32.631 33.651 34.670 35.690 36.710 37.730 38.749 39.769 3000
4000 40.789 41.809 42.828 43.848 44.868 45.887 46.907 47.927 48.947 49.966 4000
5000 50.986 52.006 53.025 54.045 55.065 56.085 57.104 58.124 59.144 60.163 5000
6000 61.183 62.203 63.223 64.242 65.262 66.282 67.302 68.321 69.341 70.361 6000
7000 71.380 72.400 73.420 74.440 75.459 76.479 77.499 78.518 79.538 80.558 7000
8000 81.578 82.597 83.617 84.637 85.656 86.676 87.696 88.716 89.735 90.755 8000
9000 91.775 92.795 93.814 94.834 95.854 96.873 97.893 98.913 99.933 100.952 9000

10000 101.972 102.992 104.011 105.031 106.051 107.071 108.090 109.110 110.130 111.149 10000
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CONVERSION TABLE

TORQUE
FOOT POUNDS TO KILOGRAMMETERS
ft. Ibs. 0 1 2 3 4 5 6 7 8 9 ft Ibs.
kgf-m kgf-m kgf-m kgf-m kgf-m kgf-m kgf-m kgf-m kgf-m kgf-m

— —_ 0.138 0.277 0.415 0.553 0.691 0.830 0.968 1.106 1.244 —_
10 1.383 1.521 1.659 1.797 1.936 2.074 2.212 2.350 2.489 2.627 10
20 2.765 2.903 3.042 3.180 3.318 3.456 3.595 3.733 3.871 4.009 20
30 4.148 4.286 4.424 4.562 4.701 4.839 4.977 5.115 5.254 5.392 30
40 5.530 5.668 5.807 5.945 6.083 6.221 6.360 6.498 6.636 6.774 40
50 6.913 7.051 7.189 7.328 7.466 7.604 7.742 7.881 8.019 8.157 50
60 8.295 8.434 8.572 8.710 8.848 8.987 9.125 9.263 9.401 9.540 60
70 9.678 9.816 9.954 10.093 10.231 10.369 10.507 10.646 10.784 10.922 70
80 11.060 11.199 11.337 11.475 11.613 11.752 11.890 12.028 12.166 12.305 80
90 12.443 12.581 12.719 12.858 12.996 13.134 13.272 13.411 13.549 13.687 90

100 13.826 13.964 14.102 14.240 14.379 14.517 14.655 14.793 14.932 15.070 100

KILOGRAMMETERS TO FOOT POUNDS
kgf-m 0 1 2 3 4 5 6 7 8 9 kgf-m
ft. Ibs. ft. Ibs. ft. Ibs. ft. Ibs. ft. Ibs. ft. Ibs. ft. Ibs. ft. Ibs. ft. Ibs. ft. Ibs.

— — 7.23 14.47 21.70 28.93 36.17 43.40 50.63 57.86 65.10 —_
10 72.33 79.56 86.80 94.03 101.26 108.50 115.73 122.96 130.19 137.43 10
20 144.66 151.89 159.13 166.36 173.59 180.83 188.06 195.29 202.52 209.76 20
30 216.99 224.22 231.46 238.69 245.92 253.16 260.39 267.62 274.85 282.09 30
40 289.32 296.55 303.79 311.02 318.25 325.49 332.72 339.95 347.18 354.42 40
50 361.65 368.88 376.12 383.35 390.58 397.82 405.05 412.28 419.51 426.75 50
60 433.98 441.21 448.45 455.68 462.91 470.15 477.38 484.61 491.84 499.08 60
70 506.31 513.54 520.78 528.01 535.24 542.48 549.71 556.94 564.17 571.41 70
80 578.64 585.87 593.11 600.34 607.57 614.81 622.04 629.27 636.50 643.74 80
90 650.97 658.20 665.44 672.67 679.90 687.14 694.37 701.60 708.83 716.07 90

100 723.30 730.53 737.77 745.00 752.23 759.47 766.70 773.93 781.16 788.40 100

KILOGRAMMETERS TO NEWTONMETERS
kgf-m 0 1 2 3 4 5 6 7 8 9 kgf-m
N-m N-m N-m N-m N-m N-m N-m N-m N-m N-m

— —_ 9.81 19.61 29.42 39.23 49.03 58.84 68.65 78.45 88.26 —
10 98.07 107.87 117.68 127.49 137.29 147.10 156.91 166.71 176.52 186.33 10
20 196.13 205.94 215.75 225.55 235.36 245.17 254.97 264.78 274.59 284.39 20
30 294.20 304.01 313.81 323.62 333.43 343.23 353.04 362.85 372.65 382.46 30
40 392.27 402.07 411.88 421.69 431.49 441.30 451.11 460.91 470.72 480.53 40
50 490.33 500.14 509.95 519.75 529.56 539.37 549.17 558.98 568.79 578.59 50
60 588.40 598.21 608.01 617.82 627.63 637.43 647.24 657.05 666.85 676.66 60
70 686.47 696.27 706.08 715.89 725.69 735.50 745.31 755.11 764.92 774.73 70
80 784.53 794.34 804.15 813.95 823.76 833.57 843.37 853.18 862.99 872.79 80
90 882.60 892.41 902.21 912.02 921.83 931.63 941.44 951.25 961.05 970.86 90

100 980.67 990.47 1000.28 1010.08 1019.89 1029.70 1039.51 1049.31 1059.12 1068.93 100

NEWTONMETERS TO KILOGRAMMETERS

N-m 0 10 20 30 40 50 60 70 - 80 90 N-m

kgf-m kgf-m kgf-m kgf-m kgf-m kgf-m kgf-m kgf-m kgf-m kgf-m

—_ — 1.020 2.039 3.059 4.079 5.099 6.118 7.138 8.158 9.177 —

100 10.197 11.217 12.236 13.256 14.276 15.296 16.315 17.335 18.355 19.374 100

200 20.394 21.414 .22.433 23.453 24.473 25.493 26.512 27.532 28.552 29.571 200

300 30.591 31.61 32.630 33.650 34.670 35.690 36.709 37.729 38.749 39.768 300

400 40.788 41.808 42.827 43.847 44.867 45.887 46.906 47.926 48.946 49.965 400

500 50.985 52.005 53.024 54.044 55.064 56.084 57.103 58.123 59.143 60.162 500

600 61.182 62.202 63.221 64.241 65.261 66.281 67.300 68.320 69.340 70.359 600

700 71.379 72.399 73.418 74.438 75.458 76.478 77.497 78.517 79.537 80.556 700

800 81.576 82.596 83.615 84.635 85.655 86.675 87.694 88.714 89.734 90.753 800

900 91.773 92.793 93.812 94.832 95.852 96.872 97.891 98.911 99.931 100.950 900

1000 101.970 102.990 104.009 105.029 106.049 107.069 108.088 109.108 110.128 111.147 1000
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CONVERSION TABLE

TEMPERATURE
FAHRENHEIT TO CENTIGRADE

OF Oc OF DC OF GC OF DC OF OC OF OC DF ﬂc DF OC
-60 -51.1 -2 -18.9 56 13.3 114 45.6 172 77.8 230 110.0 288 142.2 346 174.4
-58 -50.0 0 -17.8 58 14.4 116 46.7 174 78.9 232 1111 290 143.3 348 175.6
-56 -48.9 2 -16.7 60 15.6 118 47.8 176 80.0 234 112.2 292 144.4 350 176.7
-54 -47.8 4 -15.6 62 16.7 120 48.9 178 81.1 236 113.3 294 145.6 352 177.8
-562 -46.7 6 -14.4 64 17.8 122 50.0 180 82.2 238 114.4 296 146.7 354 178.9
-50 -45.6 8 -13.3 66 18.9 124 - 51.1 182 83.3 240 115.6 298 147.8 356 180.0
-48 -44.4 10 -12.2 68 20.0 126 52.2 184 84.4 242 116.7 300 148.9 358 181.1
-46 -43.3 12 -1 70 211 128 53.3 186 85.6 244 117.8 302 150.0 360 182.2
-44 -42.2 14 -10.0 72 22.2 130 54.4 188 86.7 246 118.9 304 151.1 362 183.3
-42 -41.1 16 -8.9 74 233 132 55.6 190 87.8 248 120.0 306 152.2 364 184.4
-40 -40.0 18 -7.8 76 24.4 134 56.7 192 88.9 250 1211 308 153.3 366 185.6
-38 -38.9 20 -6.7 78 25.6 136 57.8 194 90.0 252 122.2 310 154.4 368 186.7
-36 -37.8 22 -5.6 80 26.7 138 58.9 196 91.1 254 123.3 312 155.6 370 187.8
-34 -36.7 24 -4.4 82 27.8 140 60.0 198 92.2 256 124.4 314 156.7 372 188.9
-32 -356.6 26 -3.3 84 28.9 142 61.1 200 93.3 258 125.6 316 157.8 374 190.0
-30 -34.4 28 -2.2 86 30.0 144 62.2 202 94.4 260 126.7 318 158.9 376 191.1
-28 -33.3 30 -1.1 88 311 146 63.3 204 95.6 262 127.8 320 160.0 378 192.2
-26 -32.2 32 0.0 90 32.2 148 64.4 206 96.7 264 128.9 322 161.1 380 193.3
-24 -31.1 34 1.1 92 333 150 65.6 208 97.8 266 130.0 324 162.2 382 194.4
-22 -30.0 36 2.2 94 34.4 152 66.7 210 98.9 268 1311 326 163.3 384 195.6
-20 -28.9 38 3.3 96 35.6 154 67.8 212 100.0 270 132.2 328 164.4 386 196.7
-18 -27.8 40 4.4 98 36.7 156 68.9 214 101.1 272 133.3 330 165.6 388 197.8
-16 -26.7 42 5.6 100 37.8 158 70.0 216 102.2 274 134.4 332 166.7 390 198.9
-14 -25.6 44 6.7 102 38.9 160 711 218 103.3 276 135.6 334 167.8 392 200.0
-12 -24.4 46 7.8 104 40.0 162 72.2 220 104.4 278 136.7 336 168.9 400 204.4
-10 -23.3 48 8.9 106 41.1 164 73.3 222 105.6 280 137.8 338 170.0 410 210.0

-8 -22.2 50 10.0 108 42.2 166 74.4 224 106.7 282 138.9 340 1711 420 215.6

-6 -21.1 52 11.1 110 43.3 168 75.6 226 107.8 284 140.0 342 172.2 430 2211

-4 -20.0 54 12.2 112 44.4 170 76.7 228 108.9 286 141 344 173.3 440 226.7

CENTIGRADE TO FAHRENHEIT

OC OF OC OF Oc OF Oc OF OC UF OC OF OC OF OC OF
-50 -58.0 -18 -0.4 14 57.2 46 114.8 78 172.4 110 230.0 142 287.6 174 345.2
-49 -56.2 -17 1.4 15 59.0 47 116.6 79 174.2 m 231.8 143 289.4 175 347.0
-48 -54.4 -16 3.2 16 60.8 48 118.4 80 176.0 112 233.6 144 291.2 176 348.8
-47 -52.6 -15 5.0 17 62.6 49 120.2 81 177.8 113 235.4 145 293.0 177 350.6
-46 -50.8 -14 6.8 18 64.4 50 122.0 82 179.6 114 237.2 146 294.8 178 352.4
-45 -49.0 -13 8.6 19 66.2 51 123.8 83 181.4 115 239.0 147 296.6 179 354.2
-44 -47.2 -12 10.4 20 68.0 52 125.6 84 183.2 116 240.8 148 298.4 180 356.0
-43 -45.4 -1 12.2 21 69.8 53 127.4 85 185.0 117 2426 149 300.2 181 357.8
-42 -43.6 -10 14.0 22 71.6 54 129.2 86 186.8 118 244.4 150 302.0 182 359.6
-41 -41.8 -9 15.8 23 73.4 55 131.0 87 188.6 119 246.2 151 303.8 183 361.4
-40 -40.0 -8 17.6 24 75.2 56 132.8 88 190.4 120 248.0 152 305.6 184 363.2
-39 -38.2 -7 19.4 25 77.0 57 134.6 89 192.2 121 249.8 153 307.4 185 365.0
-38 -36.4 -6 21.2 26 78.8 58 136.4 90 194.0 122 251.6 154 309.2 186 366.8
-37 -34.6 -5 23.0 27 80.6 59 138.2 91 195.8 123 253.4 155 311.0 187 368.6
-36 -32.8 -4 24.8 28 82.4 60 140.0 92 197.6 124 255.2 156 312.8 188 370.4
-35 -31.0 -3 26.6 29 84.2 61 141.8 93 199.4 125 257.0 157 3146 189 372.2
-34 -29.2 -2 28.4 30 86.0 62 143.6 94 201.2 126 258.8 158 316.4 190 374.0
-33 -27.4 -1 30.2 31 87.8 63 145.4 95 203.0 127 260.6 159 318.2 191 375.8
-32 -25.6 0 32.0 32 89.6 64 147.2 96 204.8 128 262.4 160 320.0 192 377.6
-31 -23.8 1 33.8 33 91.4 65 149.0 97 206.6 129 264.2 161 321.8 193 379.4
-30 -22.0 2 35.6 34 93.2 66 150.8 98 208.4 130 266.0 162 323.6 194 381.2
-29 -20.2 3 37.4 .35 95.0 67 152.6 99 210.2 131 267.8 163 325.4 195 383.0
-28 -18.4 4 39.2 36 96.8 68 154.4 100 212.0 132 269.6 164 327.2 196 384.8
-27 -16.6 5 41.0 37 98.6 69 156.2 101 213.8 133 271.4 165 329.0 197 386.6
-26 -14.8 6 42.8 38 100.4 70 158.0 102 215.6 134 273.2 166 330.8 198 388.4
-25 -13.0 7 44.6 39 102.2 71 159.8 103 217.4 135 275.0 167 332.6 199 390.2
-24 -11.2 8 46.4 40 104.0 72 161.6 104 219.2 136 276.8 168 334.4 200 392.0
-23 -9.4 9 48.2 41 105.8 73 163.4 105 221.0 137 278.6 169 336.2 210 410.0
-22 -7.6 10 50.0 42 107.6 74 165.2 106 222.8 138 280.4 170 338.0 220 428.0
-21 -5.8 1 51.8 43 109.4 75 167.0 107 224.6 139 282.2 171 339.8 230 446.0
-20 -4.0 12 63.6 44 111.2 76 168.8 108 226.4 140 284.0 172 341.6 240 464.0
-19 -2.2 13 55.4 45 113.0 77 170.6 109 228.2 141 285.8 173 343.4 250 482.0
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