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diesel engines
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188 ENGINE SPECIFICATIONS
THDE oo SO —— CABE Fall DHesel, 4 COylinder 4 Stroke Cyole
Valve-in-Head Engine.,
M. of Cylinder Heads i
Firing Order - Sa— T8 T
Bore
188 313716 Inches
Btroke- - 4-1/8 Inches
Pigton Displacement
LBB v v 7 2 0 o 0 188 Cublic Inches
Crmpr Rat - e 1.5 801
Ol Filter, Crankease Repl bie Pull Flow Element
typa,

Method of Starting Diesel Engine «emwws - Engine Starts on Diesel Fuel
{Electric Starting Motor},

Maximum Compression Prossures
ENGINE WARMED UP YO OPERATING TEMPERATURE
CRANKING AY APPROXIMATELY 200RPM

Aldtitude Bea Level 100018, 2000 £, 3000 fi. 4000 ft. 5000 ft.
Compression
Pressure 400 P81 380 PSI 378 pEI U5 PST 248 PSI 882 P

Allowable Variance Between Uylinders
20 Pounds Pressure at 200 RPM Cranking Bpeed

CYLINDER SLEEVES

TFPe s Rpplacesble Wet Type; Two Rubber “O“Ring
Beals carried on each sleeve,
}’.wt&f gxgﬁmetar of Sleeve Bore

- 38110 to 3.8120 Inches, Replace

Sieeve when ingide Diameter below Top Ring
Hidge Exceeds 3,818 Inches.
Piston Clearance in Slesve{Al Skirt)

T e ot 12 e 2 002 to 005 Inch
Cylinder Sleove Protrusion ADove BIOOK wwwwwmmmmmwmn L02 to 008 Inck

PISTON AND PISTON PINS

Piston Material

188 Aduveminum
Piston Weight{Less Pin}

188 - - 2,884 10 2,233 Pounds

Diameter of Piston at Top of Skirt
{Below Oil Ring}

7 M — N —— e 3,804 to 3,807 Pounds
Diameter of Piston st Bottom of Skirt
188 :

o 3.807 to 3.808 Inches

f 5 £ TR o O — ~ee Full Floating Type; Beld in Position
with Snap m&mﬁm Repimeﬁbie Bronze
Bushing in Connecting Rod,

188 mmmmmme 3,147 to 3,187 Inches
Piaton Pin Dismeter
188 - 1.2487 to 12498 Inches

Piston Pin Fit in Piston
188

wmwmmmmn GO0 to 0004 Inch

Piston Pin Fit in Connecting Rod Bushing
188 wocmmmm s e OO0 t0 0005 Tnch

FISTON RINGS

Rings Per Piston $(2 Comp 1 and 3 O}
Compression Rings
Width of RISE TOP{KeYSONe] e mmmommm o sm wsmms -1225 to 124 Inch
XU s s o o o e o o o moon, BI040 0035 Inch

Ring End Gap when Ccsmpresmﬁ in
S.8125 Inch Cylinder 188 «coom e 015 to D25 Inch

Bide Clegrance in Groove of Znd RIDG ~ewmmaommmon LS to 005 Inch

D1 Ring To Install Replacement Ring, Follow
Instractions Packed with Rings.

Width of Bing LIB25 to B8 Inch

Bide Clearance in Groove -

L0000 to 007 Inch
CONNECTING RODS
Connecting Rod Bushing e~ Heplacesble Bronze Bushing. Replace~

ment Bushing must be Reamed,
188 Use 12500 to 12502 RBeamer
Piston Pin Hole Diameter in Rod
{Without Bushing}
EEEB v ve o 5 o e ot o et 0 1.312 to 1.313 Inches
Inmide Dinmeter of Piston
Pin wamg in Roed
oo § BB00 0 1.2502 Inches; Install New Bushing
¥ Ingide Diameter Excesds 1.2507 Inches.
Connecting Rod Bearing ~--~----~-Replaceable Precision, Steel Backed

Aluminum Lingrs

Connecting Bod Capseraws weewwoee Self Locking Type, No Lock Wires
Reguired; May Be Used More Than Onoe.

Connecting Rod Length {Center to Center
Between Pin Hole and Bearing Jouwrnal Holedeww 10028 to 7.0038 Inches

Bearing Liner Width ~ 1,125 Inches

Dismeter of Crankshaft Journal Hole
in Rod{Without Liner)

Inmide Dinmeter of Bearing Liner (Standard
Liner in Place in Rod and Capscrews Tight}veme- 2,0825 to 2.0840 Inches

21870 to 21878 Inches

Diameter of Crankshaft Rod JOUrnal »emeewwmms 2,0005 to 20615 Inches

Clearance Botween Rod Bearing and

Crankalinll JOomrmal « oo wommwwmm mm o s wesnn 01 to 0035 Inch; Ingtall
New Bearing Liners When Clearance Exceeds
L0086 Inch.

Undersize Bearing Liners Available
for Service

weJO02,.010,.020,.080 Inch
Allowable Connecting Rod Bearing End PIay eewsesmme 005 to 011 Inch
CRANKSHAFT AND MAIN BEARINGS

Crankshaft Balanced; Drilled to Provide Pressure Lubri-
cation to Main and Connecting Rod Bearings,

TYPE WAL BORTIDEE oo owmcrn s oo s o mom Replaceabls, Precigion, Btesl
Backed Aluminum Liners.

Belf Locking Type; No Lock
Wires Reguired. May Be Used More Than Once

Bearing Taking End Thrust Center
Crankshait End Play {Measured

at Center Main Boaring) —mwmmmmesmmmem G01 16 005 Inch; Install New
Bearing If End Play Exceeds .012 Inch.

Main Bearing JOUrnml DIrnetep o mmmmmmwmmmn e 2,873 5 2,874 Inches

Cranksbaft Main and Connecting

Rod Journal Bearings oot of roumtem e womm s Maximum D02 Inch

Inside Dinmeter of Main Bearing Liners

{In Place and Capserews TIGHE) o mmemsmuwwsnn 58748 to 3.8768 Inches

Clearance Bebween Main

Bearing Liner and JOUIDRL s mmmm s o G088 to 0038 Inch; Install
%& Bearing Liner When Clearance Exceeds
B Inth,

| Width of 18t Main Bearing Liner{Front} wwmmwees- 1,376 to 1.286 Inches
| Width of Znd and 4th Main Bearing Liners seemmmme 100 to 1,980 Inches
Width Between Crankshaft Main Bearing Cheeks

A.Bth e 1P to 1785 Inches
B. 2nd, 4th
€, Srd {Center}

1.185 to 1,188 Inches

e 1F74 to 1377 Inches

Width Between Crankshaft Rod
Bearing Journal Cheeks

weww 13105 to 1.3145 Inchen



Undersize Maln Bearing Liners
Avallablo FOr Serwdie soommmmmmmommom o wm o wmwm o JOOE, 010,080,080 Inches

Crankshaft Maln Bearing Journals

Should Be Ground to
2883 to 2,884 Inches for 010 Inch Undersize Bearing
2,853 to 2,854 Inchesfor 020 Inoh Undersize Beuring
284310 2,844 Inchesfor. 030 Inoh Undersize Bearing

Pudersize Connecting Bod Bearing
Shells Availabie for Bervice »wewwswmmwmwsmwmmsn G2, 018,020, 030 Inch

Connecting Rod Crankshaft Journals Should

Be Ground to
2050520815 Inches for. 010 Inch Undersize Bearing
2.0405-2,0415 Inches for 020 Ioch Undersize Bearing
2.0305-2.031 8 Inches for. 030 Inch Undersize Beariog

CAMSHAFT AND BUSHINGS
Number of Bearing Burfaces on € T . S - 5

Type Bushing «mmewwwmne Replaceable, Precigion, Steel Backed Bablift

Bushing Lubrication{Front Bushing}
Pressure Lubricated from Oi Pump

Bushing Lubrication {Znd. Jrd and 4th)
Labricated by Gravity Flow

Bushing Lubrication (5th}
Presaure Lubricated with Hear (4l Metering

Dlameter of Camshalt at Each Bearing Surface

188 e s 5 05 0 1,748 to 1,950 Inches
Ingide DHameter of Each Bushing
{Measured When in Place in Blook)

188 1.782 to L75Y Inches
Nol {(Front) Bushing Longimes o oo oo oo oo 1,213 o 1223 Inches
Noo? and 4 Bushing Longlh corm s mm o o oo s 490 to 500 Inches
Ho.d Bushing Length JTEE t0 723 Inch
Ho.$ Bushing Length e ~ 1,213 to 1.223 Inch

Camphalt Eod Play
Campbalt Brd CIER0BNE wmowoowm oo oo o onm o s v w020 003 o D07 Inch

Taken Up By Thrust Plate

Camshaft Thrust PIate THICKDNEBE o mmmowmm oo L4710 148 Inches
TIMING GEARS

Total Gear Train Backlnsh {fromm crankshaft to injection pomp
drive gear) ~measured at injection pump drive gear - Mux. 030 Inch

Backlash Between Oil Pump Drive Gear
wied Crankehafl Gemp wwmmm o e 003 to D07 Ineh

VALVE PUSH ROD LIFTERS

Type - =-Siushroom Type
Outside Dismeter of End That Projects into Block
188 e L5681 to 562 Inch
plameter of Hore in Block for LIer «emmmmmmm e 5885 t0 5635 Inch
VALVES

Valve Tappet Clearance
#1ER{Intake and ERBausl] oo oo oo oo oo LG14 Ineh, Engine Hot

Exhaust Valves

Angle of Valve PRne s o s o mommw 44 Degrees
VEITE LANEER st s e e swom o v o £.339 to 6,364 Inches
Maximum Valve Face Runouteewm— 02 Inch a8 Determined with 2 Dial

Indicator,
Diameter of Valve Bteme-- 338810 3408 Inch, Install New Valve ¥ there
is More Than, 002 Inoh Difference in. Diameter

at sy Polnt on Blem,

Dinmeter of Valve FRmel oo oo oo o v o mnm ws 1,403 Inches

*Hot Bettings Are Made A Low kile After The Engine Has Operated At
rhermostat Control Temperaturs For At Least Fifteen Minutes,

-3
Exhaust Valve Seat Insert

Beat Angle - 45 Degroos
Boat Width LT2 to JUBS Inch
Insert Helght o EETE 10 2ERS Inch

Outaide Dismeter of Ingert

188 - 1.445 to 1,4505 Inches

&sﬁdfﬂi}&m&mt of Insert

s § 245 to 1,255 Inches

Maxiznon Allowabie Best Bunoul seesemeewsws G0 Inch as Determined
with 2 Dial Indicator

intake Valves

Angle of Valve Face 44 Degrees

Valve Length 8.334 to 8,388 Inches

Minimum Valve Face RUnOul swemmmmmommomm oo 002 Inch as Determined

with a Dind Indicator,

Dlameter of Valve Sem =wwemws 3408 to 3419 Inch. Install New Valve
if there is More Than,.002 Inch Ditference in
Diameter st any Point on Stem,

Dimmeter of Valve Head »wwommms - - 16504 Inch

intake Valve Seat
Beat Anyrie i P 45 Diogrees
Bent Width s o G8E 10 094 Inch
Exhaust Valve Guldes

I L COVUROH—— w3128 Inches

Outside Diameter - o GEBE fo BBTE Inch

ingide Diameter - 3428 to 3438 (Alter Assembly)

Valve Stem Clearance in Guide e L2 to D04 Inch

Distance Above Head Guide Must Proteagde «eeesee JBTS Inch, Press Fit

intake Valve Guides

Length oo o 8, S50 Inehes

AT T T T TP 3 S ————— 6565 to 8575 Inch

Ingide Diametar s oo, 342G to 3438 Inch (After Assembly}

Valve Stem Clearance in Guide A to D03 Inch

Digtance Above Head Guide Must Profrude e, 875 Inches, Press Fit
VALWVE SPRINGS
Fran Laomths o mo oo o o oo mm o oo wom Approximately 2,378 Inches

Spring Pressure at Compressed Height of

1.518 Inches {Valve Open} 110118 Pounds

Sprisg Pressure at Compressed Height of
1.875 Inches {Valve Cloged} meeew RO —— P 53-50 Pounds

Spring Pressure at Compressed Height of
L1500 IORER oo mommommm oo oo 105 Pounds or Less, Replace Spring

ROGKER ARM ASSEMBLY
Rocker Arm Bushing »wee-w-mw- Replaceable Precision Bronze Bushing

Number of Bushings e e - 8
Lubrication s - Engine Lubricated
Outside Dismeter of

T LT T N ————— 622 to 823 Inch
ingide Diameter of Rocker

Armn Bushing {Installo) oo v o oo oo w624 to B25 Inch

Rocker Arm Shaft Spring

Spring Pressure af Compressed Helght of

TTT TRU0RUEE on o s me v r o 10 1 o s 2 2 0 9 & Pounds; Install
Hew Spring ¥ Pressure 18 Less Than 7.5300 Pounds



c-4
OlL. PUMP

Type - Pusitive Displacement, Gear Type Pump;
Driven Off Crankshadt

Presgure Helief Valvg e Maintaing 50 to 75 Pounds Pull
Pressure (O] Warm, Engine Operating al Full
Governed Bpeed),

Relief Valve Spring

Spring Pressure af Compressed Height of

1.438 Inches o 18.4 Pounds
Radial Clearance of Gears
{Clesrance Between Geurs and Housing} »-wemmememomo 00 to 008 Inch

Gear End Clearance
{Clearance Between Gears and Cover) ——wmwmwm wowmon  DOLE to 0055 Ineh

WATER PUNMP AND THERMOSTAT

Type 0f BYSem wmmmmmwmeemmmeews Presgurized Thermostat Controlled
Poreed Cireulation {Pump).
Type Pump — J— ~- Tmpeller Vane Type

Temperature Control mewwmemammwsmmemnens Futterfly Type Thermostat
FLUEL SYSTEM

Injection Pump Roosa Master, Model DB.Single
Cylinder, Opposed Plunger, Inlet Metering.Dis~
tributor Type.

Direction of Pump ROMEON wwemmmsom o omommme Counter~Clockwise {ag

Viewed from Drive End).

Pump Mounting Left Side of Engine

Pump Drive swwewwmsemsmwss Goar Driven from Pump Drive Idler Gear

Injection Pump Iiler Gear End Clearant esmmmmmemmmmoons 03 Inch

Injection Pump Drive Lubrication »eemmmmemmmmm Crankease Ol Through

Timing Gear Train,
Injection Pump Drive
Shaft End PIRY sewwwwmewnsewessns Sptomatically Taken Up By a Spring
Loaded Thrust Button in Front End of Pamp
Dirive Shaft,

Timing Marks on Engine Flywheel «e e mmmm e SPPBTDC to 10° ATDC

in One Degree Increments

FUEL TIECROLE s e ovom s s v e €AV, Long Btem Multi-Hole Type
Opening Pressure 2825 BSI to 2275 PEL

Fuel Transfer Pump «ssmwe Vane Type; Integral Part of Injection Pump

Governor T Mechanical, Fly-Welght

Integral Part of Injection Pump

Fuel Filters

Fuel Tank Alr Broathereesmmwwwmeswamswmss Vonted Tank Filler Cap
Fuel Tapk Water Trap i tedt in Base of Fuel Tapk

18t Stage Fuel FIEr-sssvswmmsewmesens Replaceable Element Type
2o Btage Puel Filler weeewwmmewee Replaceable Sealed "Can®™ Type



188 ENGINE SPECIFICATIONS

PEPE mommmmmo e LASE 4 Cylinder, 4 Btroke Cycle, Valve In Head
Eugine,
e, OF CaLIAr FEOMAE s omosom o s o st s oo v 1 15530 o 53535 3 50 335 0 0 590 i
Firing Order — PR St TS
FRESTES oo v om ot m o R R 1 S 5 314718 Inohes
SEPOke s o P PR 7 4-1/8 Inches
PEBEON DR IRRIED v mommomm oo e o o 40 e 188 Cuble Inches
COMPLOHRION TURLEL  uwononmommm ooim w7 11 0 o T34 to 1
Wg&ﬁ@%ﬁ&gﬁ@%p%%E ?%a%??g }35 PEE at Bea Level
Allowable Varianoe Between Crlindors »wwmwewmmmm s 10 Pounds Pressure
4l Fhlter, CranlonBe = s mow s Replacextde Cartridge Type
Exhaugt Valve Rolators -~ w=wee - mamo Pogitive Type
TEDEEEDR oo mmomomomm o o st e e 0 o Distributor

CYLINDER SLEEVES

Type Repl e Wet Type; Two Rubber "0 Ring
Seals Carried on each sleeve.

Ingide Diameter fo Sleeve Borgsewewan 3.8130 to 3.8145 Inches, Replace
Sleeve When Inside Diameter Below Top Ring
Ridge Exceeds 5822 Inches.

Piston Clearance in Sleove (AL BREFth o memon e OGEE to G055 Tuoh

Cyiinder Sleeve Protrusion Above BIOCE weemmewmsmmms, 002 to D08 Inch

PISTON AND PISTON PINS

Piston Material «- Adurmionn
Diameter of Piston at Top of Bird »wwmwmmmm e 3808 t $.8105 Inches
Diameter of Piston at Botiom of Skirt ewewrewmmen 5807 to 3,808 Inches
PABEOR PR s s s Full Floating Type; Held in Position with Snap

Rings in Piston; Replaceable Brooze Bushing
in Connecting Rod,

D T S e 2,895 10 3,005 Inches
Piston Pin Diameter «—wm- 5991 to 9992 Inch
PLStOn Pin FR i PISI0Brownmmmmmm S L0000 to 0008 Inch
Piston Pin Fit in Connecting Rod Bushing «emmnrvsn 002 to 0008 Inch

PISTON RINGS

Rings Per Pigton - 4-{3 Compression and 1 O}
Compression Rings (Top §
Width of RIBES (ALl §) mmmmmmmmmmmmne o L0930 1o 0935 Inch
Bing End Gap {411 3} When Compressed
i S BLIEE Inob Cghinuden mm o oo oo s womm moe wosn m o w L1020 Inch
Bide Clearance in Groove of Leb {Toph Bing —eomomm, 003 to JLDB04E Inch

Side Clearance inGroove of Zod and Jrd Rings »ee- G020 to 0035 Inch

O RBing To install Replacement Ring, Follow
Instructions Packed with Rings.

FUET I g 1T V2485 to 2480 Inch

Ring End Gap When Compressed in
3.8128 Inch Cylinder w0 o D18 Inch

Bide Clearance 1o GIUuve e s oo 401 o JO0ES Inch

CONNECTING RODS

Piston Pin Bushing ~wwnBepiaceable Bronse Bushing
Ream in Plawce Use L8985 to BEYT Reamer

Pistop Pin Hole Dismeter
Rod{ Without Bingd e i 2 2 1,082 to 1,083 Inches

L+ 4

Inside Diameter of Pleton
Pin Bushing in Rotd e o S005 t0 L9897 Inches: Install New
Bushing i Inside Dismeter Exceeds 10027 nches

Connecting Rod Bearing »wwemsmsn Replaceable, Precigion Steel Backed,
Aluminum Liners.

Comecting Rod Capsorews wewswswew Sull Locking Type, No Lock Wire
Reguired -~ May Be Used More Than Once

Connecting Rod Length (Center to Center Bebwean

Pin Hole and Bearing Journal Hole] »eeemmmmmmun 6,888 to 7.002 Inches
Bearing Liner Width 1,180 to 1130 Inches
Diameter of Crankshalt Joursal Hole

in Rod {Without Lingr} «sme e v 218%0 to BIBTS Inches

gide Diameter of Bearing Liner{Standard
Liner in Place in Rod and Capserews Tighthew.. 2,0620 to 20630 Inches

Dlaraeter of Craskshaft Rod Journal weewwmmmoms 20808 to 2.0815 bwhes
Clesrance Between Rod Bearing
and Crankshall Journgl s LO00E to L0025 Inch;install New Bearing

tndersize Bearing Liners

Available for SBervice wo OHER, 06,006,030 Inch

Allowabde Connecting
Rod Bearing End Play

CRANKSHAFT AND MAIN BEARINGS

Crankshalt Bal d; Dirilied 1o Provide Pressure
Labrication to Main and Comneoting Bod Bearing

Type Main Bearings Repl bie, Precision, Sleel Backed,
Alsminum Liners.

08 Inch

Boaring Capsorawsg meemwmmemmmmwns S03 Locking ‘Type, No Lock Wires
Reguired - May Be Used More Than Ouce

Bearisg Taking End Thrugte- Conter
Cranksbatt End Play (Measured

at Center Muin Bearing) m=m-meesemwewn 001 to .006 Inch; Install New
Center Main If End Play Exceeds .012Ineh

Connecting Rod Jowenal DEAmmeter e me s oo 20608 to 20815 Inches
Main Bearing Journal DIgmetere s mmmm s mmm 2,830 to LBT40 Inches
Cranksbaft Main and Connecting

Rod Journal Bearing Outeof -Round «~ s s we GOE Tneh

Inmide Dinmeter of Main Bearing Liners
{In Place and Capscrews T wewevswmmmmwens 28748 to 2.8788 Inches

Clearance Belween Main Bearing
Liner aond Journal cewmmeranms LOO0B to D038 Inch; Install New Bearing
Liners When Clearance Exceeds 008 Inch

Width of 18t Main Bearing LINEE s mmmm s 1,288 Inches
Width of Znd Maln Beuring Liner seseswms o 1AT to 1373 Inches
Width of 3rd Maln Bearing Liner 1,587 Inches
Wiith Between Crankabalt Center

Main Bearing CheekE wemees s 1,874 to 1.377 Inches
Width Between CUrankshaft Rod

Bearing Journal CHeekS s wwmmmmmmmmmmmmmm - 1.3108 to 1.3145 Inches
Undersize Main Bearing Liners

Available for SBervice - O2L010,.020,.030 Inch

Crankshaft Main Bearing Jouwrnals Should
be ground to -~ 28530 to 28540 Inchesfor (020 Inch Undersize Bearing
2.843 to 2,844 Inches for 030 Inch Undersize Bearing

Undersize Comnecting Hod Bearing
Shelle Available for Borvitg seeemmmmm s LOU2,.010,.020,.080 Inch

Conneeting Rod Crankshaft Journals Bhould

be ground to -« 20808 to 20815 Inches for 010 Inch Undersize Bearing
20808 to L.04135 Inches for 020 Inch Undersize Bearing
L0305 to 2.0315 Invhes for (030 Inch Undersize Bearing



C8
CAMSHAFT AND BUSHINGS

Kumber of Bearing Surinoes on CamBInTl s wmom e oo mom o 4
Type Bushing «wewwmw www Replaceable, Precigion, Steel Backed Babbitt
Froot Bushing Lubricalion sweews Pressure Laubricated from OU Pump
3nd, Jrd and 4th Bushings are Drip Lubrisated

from the Top

b9 of O t at Each Bearing Surface --- 1,749 to 1,750 Inches
Inside Diameter of Each

{Measured When In Place in BIOCE) e mmmmmmomw 17582 to 1753 Inches
Mool (Front) Bushing Length eeeeesemmn o mon 1.2138 to 1,223 Inches
No.2& 3 Bushing Length o 480 to 500 Inch
No.4 {Rear) Bushing Langlli mee e o 1,213 to 1.223 Inches
Camahaff End PIay ewmeen —we 003 to 007 Inch
Camsbaft Thrust Plate THOEROES wemmmmesmmmmmoommm 147 to 148 Inch

TIMING GEARS

Backlash Between Ol Pump Drive Gear
and O BRREL CHEET s i e v s s o 05 to 010 Inch

Backiash Between Crankshalt and Camshall Geap wwemm 808 to 007 Inch

VALVE PUSH ROD LIFTERS

Type PR Mushroom Type

Ouigide Diameter of End That

Projects nlo BIOCKewmawmw oo - 5615 to JBE20 Inch

Dimmeter of Bore i Block for LUTEE wwmmmmmmmmmwmwn LBE2E to BOES Ineh
VALVES

Vaive Tappet Clearance

Mntake I 014 Ineh, Engine Hot
T 014 Inch, Engine Hot

Exhaust Valves

Angle of Valve FRoe «mmmmmmmimmn 44 Degrees

VAIPE LR wemrsereomm s s st e e e 5714 to 5,704 Inches

Maxbmum Valve Pace BUBDUb s D02 Inch as Determined
with a Dial Indicator

Diameter of Valve Blemim s e 3382 to 3300 Inch;Install New

Valve if There is More Than 002 Inch Difference
in Mameter at any Point on Stem.

Priarneter of VBIVE Hom meommm oo s son oo mon 1.408 o 1.398 Inches

Yalve Rottors mmwon Pugitive Type

Exhaust Valve Seat

Seat Angle 45 Degrees
BORE WD mom e s st i s s e s e VTR 8600 085 Inch
Maximum Allowable Seal Runout WL02 Inech as
Determined With o Dial Indicator
intake Valves
Angle of Valve Face 28 Degrees
VRIVE LRUEEL oo oo s s o et vt v 1 5,714 to 5704 Inches
Maximum Valve Faoe Funout e mmmommm s {02 Inch as Delermined
with & Dial Indicator.
Dismeter of Valve Slem eemmwen 408 to L3414 Inch, Install 3 New Valve
¥ Thereis More Than 002 Inch Difference in
Diameter at any Poiot or Blem,
Dlameter of Valve Head wvememwwmmommmn o s 1.524 to 1514 Inches

®Hot Settings Are Made AL Low Bile After The Engine Has Operated Al
Thermostal Control Temperabures For At Least FPilteen Minutes,

intake Valve Seat

Beat Angle U Degroes
Beat Width v s 5 5 L 55 1o 070 Inch
Exhaust Valve Guides
AT T ¢ Q— 5 8 3 7 1 5 2.843 Inches

Crataide Diameter - B5ES to 6875 Inck

Inside Diarmeter e BERE to JMIZ Inch
Replace Guide When Inside Dinmeter Excesds «vwmmsseswens 3452 Inch
Valve Stem Cloaranos i GRuiths e m oo o oo s LOB32 to 005 Inch
Digtance Above Head Gulde Must Protruge seesesws | 837 Inch Press Fit

intake Valve Guidoes

Length wwwonw e S —— B r— w3188 Inches
Outside Diameter L5585 to B85S Inch
Inside Diametorme — w3428 to L3438 Inch
Replace Guide When Inside Diameter Exoeeds «eemmmmmmmmmon L3458 Inch

Valve Stem Clearance in Guld D032 to L0080 Inch

Distance Above Head Guide Mugt Protrude wwemes 1.837 Inch Press Fit
VALVE SPRINGS
Intake
Free Length mew Approx, 2,978 Iehes

Spring Pressure st Compressed Hedght of
1821 {Valve Opend s 110 1o 118 Pounds; nstall New Spring ¥
Pressure s Less Than 102 Pounds.

Spring Pressure st Comprassed Height of
1.87E Inches {Valve Cloged) wewww 53 o 58 Pounds: Install New Spring ¥
Prossure is Less Than 50 Pounds,
Exhaust

Free Length - Approx. 2.188 Inches

Spring Pressure st Compressed Helight of
1332 Inches{ Valve Dpeni ewwem 1310 1o 118 Pounds; Install New Spring ¥

Pressure is Less Than 102 Pounds,
Spring Pressure al Compressed Height of
1,888 Inches{Valve Closed) wewww B3 to 59 Pounds; Install New Spring #
Pressure is Loss Thap 50 Pounds.
ROCKER ARM ASSEMBLY

Rocker Arm Bushingsessowmomns Replaceahle Precision Bronge Bushing

Namber of Bushings 8
Lausbrication Pressure Labricated; Crankease

Ofl To Bocker Arms Full Pressure

D4l Boles in Rooker AP SBaPL e oo s il Holes Must Pace
Downward. Shatt Cannot Be Rotated

Positioning of Exhaust Valve
Bocker Arms

Spacer Washers Position Exbaust
Valve Rocker Arm and Ellminates End Play

Without Binding,
Outaide Dismeter of Rocker Arm Shaft weewewmwsmememe B33 to BH23 Inch
Ingide DHameter of Rocker Arm Bushing «wwwwemmmwnw  §24 to 625 Inch
Rocker Arm Shaft Spring
SPM Px’esmw at Cm;:resm Height of

1750 Inc B Pounds; Install New Spring
?msswe i® less than 7,500 Pourads,

Gil. PUMP

Type - Positive Displacement, Gear Type Pump
Driven Off Crankshalt,




Prosuure Helinf VRIPE s s s m oo Maintaing 24 o 32 Pounds
O Pressure (04 Warm, Engine Operalingad
Pull Governed Speed.

Reliel Valve Spring
Spring Pressure af Compressed Helght of

1,438 Inches — N— oo 1B4 Pounds

Radial Clearance of Gears
{Clearance Between Gears xnd HOuging) »e e meommo o GO 10 DOE Inch

Gear End Clearance
iClearance Between Gears and Cover) swwmmwwmmmmen L0015 to G058 Inch

WATER PUMP AND THERMOSTAT

Type of 8 - Thermostat Controlled, Forced
Civeutation {Pump).

Type Pump - Impeller Vane Type

Radiator Heavy Duty Fin and Tube Type

Termperature COntrol weseemmemmsnmmmnswen By-Pass Type Thermostat
FUEL SYSTEM

Type of System Gravity Flow

Carburetor Zenith Model No.2BY

Float Level 1,156 Ineh from Machined Burtace

of Cover to Top of Flost
Load Jet - Adjustable
Venturi Size- e BB Inch Dig. Throst

SAE 1~1/4 Inch

Flange —
SPECIAL TORQUE SPECIFICATIONS

For Torgues Not Listed Below
Use Torgue Chart on Following Page

BO~B0 FL Lbs,

Camahaft Nut

Connecting Bod Nut 4550 FL, Lbs.

Connector Bolts{Bigh Pressure Lineto Injection Pumple~~ 33-38 Ft, Lbs,

Crankshaft Nut e 1 38-188 FL. Lbg.

Cylinder Head Capsorew{in Water Pump Bousing)---Maxizum 30 FLLbs.

Cylinder Head Nuts (Gasolineg} $5-100 PL Lba.
Cylinder Head Capacrews (Diepel) »wmsswmswnmmwwemes 110118 Ft, Lbs,
Cylinder Head Studs w/Flange Nuts (Diegeljemmemnmmenfe 100 Fi. Lbs,
Engine to Torque Tube 150180 PL. Lbs.
Engine to Froat Support- mow 120138 FL. Lbs,
Flywheel Capscrews 8570 P, L,
Governor Control Bod to Engine BIogE wemmmwmmmesommmmnmsws 15 L Lbg.
Heat Plug - 2530 FL. Lba.
High Pressure Fuel Line Nuls o Injector wwwwm oo 15 to 20 ¥t, Lbs.
Injection Ropele Cap But 53 ¥, Lbs,

Injector Sted Nuks {To Cylinder Head) mwwwemmwmmmemmmwniZ=18 Ft, Lbs,
{To Avold Distortiog Nozzle Holder the Two Nuts must

Be Tightened Bimultaneousiy)

Injector Spring Cap Nut 5 Fi. Lbs.
Injector Pump Drive Shaft Nut 3540 Ft. Lbs,
Main Bearing Place Boits 80100 ¥, Lbs,
Manifold Stud Nuts 25-30 L, Lbs.

o7

C3EE TPREE CRPUEOT R o o s o o 46 A 10-12 ¥, Lbs,
Ol Seal Retainer Uapsorews v Gl B, LA,
Ol Pump Cover Uspsorews - 88 ¥i, Lbs,

Push Rod Adjustable Sorew Mintmum 30 InLba.

Screen Assembly st Injection Pump Indel wemewwmmsmmmmenes 12 ¥, Lbs,
B T - I 3 3 R - N
Timing Window Cover Borew oo Injection Pump rememmecsmm -2 PL. Lbs.
Valve Cover Shud Nuts - -8 ¥i. Lba,
Water Pump Stud Nuts - 20-25 Fi. Lbs.
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SPECIFICATIONS
Maximum Limit
Including Wear
CYLINDER HEAD
WATPAEE coriviririrenreionneninrasariraracasiacnnns rtrene et et rarrane rereras erevaearneenine rerrarraearanenranas 006"
SPARK PLUG
Gap Setting (IBIMIMN)  ooiiiiiiriiitreiisreas s saccesanacastrassuesrsonesssssnsarssascrcarsencrsnre L0257
EXHAUST VALVE
Tappet Clearance (COLD) ... eereararrar vt anaeaas rereans revnerans OO RTORUON L0207
(HOT ) orrieir i e e ernss s ave s sass st snrnrnsnnnns reenvaras rereranes 0147
Face Angle .iviiiiiiviiiniiiicnenicnn re et a it et aneana e oo n et rraran s RO 440
Face BUD-OUL oiriiiiiieiiearerreresnsressssassusssnsararssesssssnns ettt e et e sty et rar et ratr et sar e sar e 0027
Length (188 and 201) ...covciiiecninn. ere b ene e erteere oo n e 5.824" to 5.844”
Length (148 and 159) ....cocicvvninnnens e e et ena e aa e cereeenes 0,309 to 5.3
0.D. of Head (188 and 201) .............. beeserireareninnasauns v ensins erarerenae 13987 to 1.4087
0.D. of Head (148 and 159) .vivinirnnnnnn. eaearennraarareas reeeaenenaens 1.2657 to 1.27%7
O.D. 0f SIEIM  cririiiiivnir s rasrasses werrrraras erenrnraas eerreren 33827 to 33807 . 602"
Insert Seat Angle ..o e e enreraae s et ra et s s v an i caneaaa nanenn 450
Seat Contact Width (188 and 282} e rarroavnvraenraaaanes cerraas rererareran rereens 0727 to .08BY
Seat Contact Width (148 and 159 ... vrvrerans tevrrrevsvavaranes v e 0807 to 1007
Beat FUun-Oul iiiiiiiiiiiicicriieracscareierasancaarsressscersnsanrsnsnnon rveernans rerevernearraranaeanrnans e 0027
Insert Height (188 and 201) ...ocoviiviinnnnans rrerarararaies ceeaaes creneninannennss 224757 to 25257
Insert Height (148 and 159) ... reeecreeans reenrsre s e reriranne e 1987 to L2087
0.D. of Insert (188 and 201} vvrriiiiiieiniirernnnns rvevrarrararareenes caeeen 1.4495” to 1.45087
0.D. of Insert (148 and 15%) ...... eneans rervavases errrarrenrrranrniae v 137657 to 137757
LD. of Insert (188 and 201) ..criviirirnnnnnen ertresrnrereranirans rereres crenvereer 1.2457 to 1.2557
1D, of Insert (148 and 159) ..coiirennnnn. reevrvnnrenns rerenisrneserinenennnses 10747 to 1.0847
INTAKE VALVE
Tappet Clearance {HOT AND COLD) ... e erineaa errmrrrerrrarrvanrarars 0147
Face Angle ..o.covvvvvnvevieninennennn. RO OTOTOTOTOTOTOTON eerenaenenens 290
Face Run-Out ...ceevvvnnnnnns rrrnrerenns rereranrariesaraenrrararas ervearesararaiarararsearas UUUDIOTORUUUURURTRUUTURUTIUUIN | ¢ 74
Length (188 and 2(32} rrevererrenener i tannanananas erercnenenannanans ety 5.788" to 5.816"
Length (148 and 159) roiirrieriiriicriencranersecsrscarsenssssssrssnsennsrresees 12007 10 5.3
O, of SteM  riiirrnrreeriacnrrans e reacareesiersratataaresinre veneninvas s 34067 to 34147
0.D. of Head (188 arzd 200Y riereneeans rerearares erarneras rereara e araraa, 1.514” to 1.524”
0.D. of Head (148 and }59} rererererrararaeeraanrann ervrererrearaear e rararans 1410”7 to 1.420”
Seat Angle .oviviiiiiricire s v rararaeaerrinresantertaaravaratasaeataanararnn e rrennan .. 300
Seat Run-oul ..ocvvvvnvnnnnnns erarans ety rr e srneas rerrrnenaeranas Ferehte e rraattaaarra et snrarasaneara cerernns 0027
Seat Contact Width (188 and 2{31} ,,,,,,,,,,,,,,, evereernneas rraenen varaenaeras RIS 4:0 Ririig
Seat Contact Width (148 and 159) .iriiiiiinierccnans rererenn ... 045" to 080"
EXHAUST VALVE GUIDE
Length (188 and 201) ........ rrvsrenenn e errnrnes e SO errrravararr s ara., . 2.843”
Length (148 and 159) .iirvveiciinnnns v eveeensnnrearasarannnrans ST, rrernreranns rereranenns 2.4387
0D e eerrareriraratea i ea v arnras e reerieananraas rrreerarernaerins .. .B365" to .8575"
I.D. (Installed and Reamed) e siiereasensnnens rvaeans rerenes 34227 1o 34327 el 0027
Protrusion Above Cylinder Head (188 & 201) .ovvvrevrivrnnnnnnn revrerrerrarares e anas 1.0007

Protrusion Above Cylinder Head (148 & 1590 .vvivivivnnnnen. e ererarerarrraaranras cerees L5447
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SPECIFICATIONS (Continued)
Maximum Limit
Including Wear
INTAKE VALVE GUIDE

Length (188 and 201) ........ e rar v nan e e e nrrrneas rerarnens R rarerarararas e aannn 3.125"
Length (148 and 159) .o errreneans ST 2.688”
16 35 5 T U U OTT OO OTEPUUPUSRTU eemerenenieainranins rvaerrarena 8565 to 6575
1.D. {Installed and Reamed) } ,,,,,,,,, ettt ar e aba e ettt rann 34227 to 34327 i Ri 1
Protrusion Above Cylinder Head ......... BSOS ROTOTIUTON rerenen e 10007
VALVE SPRING (Exhaust Valve)
Color COBE orivcriirr i crcrivrrrasenecrcrcnirsesescnenrsscrsssnsassnses ..... Silver Stripe Full Length
Free LONZH i iieiiine i e s rss e n e casn e s e s sa sa s ra s as s e sa e nrans 2-3/16"
Total Colls .oooevinnes et rara e rerevraaons e eeatararararaareraarrararan v esasarr e rananas 7-3/4
WIre DIBMEIET oirriiririrriiirereirrarerarcnenesnensasonsans rererererens reranene reeens erererrararaen 1627
LD e en e e rnnerearras e e e ua e et ainta et aaen 9707 to 8907
Compressed to 1.332” {Valve ODENY v cmineciieainesrvascanns rerans . 116 to 118 lbs.
Compressed to 1.686" (Valve Closed) .......... vrvernans vrrerrrranaanas I 53 to 59 Ibs.
VALVE SPRING (Intake Valve)
Free Length ooiirnnrenecrenan reercreneennanny erererararararans rererararaee ereraaarara 2-3/87
Total Colls vviriiirinirisinnnn DU UR OO erereairerenanenenns everaeas 8-1/4
ITE D aITIBTEY o rvrevnisinsnssirnunensenensaanssnssssssssstncasasssasssasssssrasssssssstsnsesennmssmnsaresosss 1627
|3 5 TP OO OO RS OTUTOUUR TR UTOTIOTORRPNt rererraneas rrrens rrreas JUDIORORIN - 523 (T . 1
Compressed m 1. §21” {(Valve ();}ezz} SOV ROPOORORPPOR N 110 to 118 lbs.
Compressed to 1.875” (Valve Closed) ........ cervrens errarens vrnranenas eraeens . 53 to 59 Ibs.
ROCKER ARM ASSEMBLY
O, of 3hafl v riasraees TS UUSURURTRUNUUUPURUTUTORRURURTURUUPRIINE .. 1s SR - 7. 44
1.D. of ROCKEr ATIN iiiiiiiriiinininirnrvessenenn eeveneaenereaiannaaiananan cerrerenens 8247 to 8257

{Installed and Reamed on 148 and 153}
Shaft Spring (188 and 201):

¥ Length ' 2-1/27
ree 31341 1 J N . wkneRsehEnraraEaErs wramenrenn [ Er kKR E KRR e R A ARy PO -
LD, 11/18”
,,,,,,,,,,,,, \ v am e nen s nen e xaan ke anAn A n A n AR AA e Aa e e A et AN e Ay AN A are e e rnneaa e
Wi Diamet&r‘ a72”
ITe LUBIMIBIET . vrirvrcrsmsrsssnrnensransssnrs N [ PO PO
C d to 1-3/4”7 75 t0 85 1b
ompressed to 1-3/4” ... e a e eara—ra s rerererereererernerinenenenees 1.5 10 8.5 1bs.
N
haft Sprin 148 and 1 N
S :
1-3718"
Free Len N EPR a8 EHEI AP AP AR R A A A AOR P EP AR EEARREERDOR wrnxrarars ek ek K an e EE SRR Ry srarenean
TOtal COIB vviriiiirinirinirinririssrcnrnrevasnrssrarnsrs Er s s R AR KB R A e R PO waves s erensErararTaary 7
1D 11/18”
15 5 NI renrneenrararareraas OO rerararaen crerarnraen
Wire Di 1 o727
IPE INAMPBIEY ivvivrvrriranssssnrss PO, o h R R E R A R R KRR AR R perarnmsrane wrare »
C ed to 11/18” 7.5 to 85 ib
ompressed to RS et raa s e ot 5 to 8.5 Ibs.
i i Engi il haf terd
Lubrication ...... pkreavanane wemamensasenennsns waererraraeay pxvrxranrn . ngine oil, camsna T me ering.
i T d valy id £ i
Shaft Ol Holes riiiiiiiiicncniivcainens pamsrasrane mesnamEneana war aive side o6 engine.

Shaft cannot be rotated.

SPECIAL TORQUES

Cylinder Head Flanged Nuts (188 and 201) ...ociiiienninenns reerrreeaar ety e ea e raes 80 to 100 £t. 1bs.
Cylinder Head Stud Nuts (148 and 159) .. rranas 95 to 105 f1. lbs.
Intake and Exhaust Manifold Stud Nuts ...l eerens e enenvarr s sasasarasesararnressnns 25 to 30 £t lbs.
Rocker Arm Bracket Stud Nuts and BoltS .viiinonninriecocrnnn rererarans wenraeraen 25 to 30 ft. lbs.
Valve Cover Stud Nuis ... ke eananarra i raanees rrrerrerrnranns rreraraerrenes trere i earanaaras . 5 1o 8 ft.lbs.
Water Pump Stud Nuts ... rrerretrrraraon rreeaenraraesa ettt v s aeens ereearareans 20 to 25 ft. lbs.

Spark Plugs ..... praerers veererarans reeviecavaruaene favavaer kAR ANS AR P AR AR PR N veeer 32 to 35 £t 1bs.
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CHECKING COMPRESSION PRESSURE

1.Clean the engine thoroughly, preferably by
steam cleaning.

2.Before cranking the engine for compres-
sion checking, make sure all operating
controls are in neutral, brakes are set and
the wheels are securely blocked.

3.0Only the cranking method is advised to be
used when checking compression pressure.
NOTE: The engine must be at operating
temperature at the time of compression
checking.

4. With the engine at operating temperature,
shut the engine off. Close the fuel needle
valve at the fuel tank. This will prevent
excessive fuel from entering the cylinder
and washing of the cylinder walls. Dis-
connect all high tension spark plug wires.
Remove all spark plugs to provide mini-
mum load on the starting motor and battery.

5.Check the compression pressure, using a
reliable gauge and suitable adapter to fit in
a 18 mm thread plug hole. Refer to chart on
Page 3.

6. Two common types of compression gauge

equipment used are the remote control and
the ignition switch operation type.

COMPRESSION TESTER s '

ADAPTER
{1Brmm}

A.When using the remote control type of
compression tester, Figure 1, make sure
the wires are correctly attached to the
starter terminals. Incorrect attaching of
wires will cause damage to the testing
equipment, Figure 1.

B. When using the ignition switch operation
type of compression tester, Figure 2, be
sure the carburetor throttle plate (butter-
fly) valve is held in the wide open position.
Drain the carburetor to prevent fuel from
entering the cylinders.

COMPRESSION GAUGE

COMPRESSION ADAPTER (18mm)

Figure 2

7.1t is very important that all cylinder pres-
sures be approximately alike. For the allow-
able compression pressure variation, refer
to the chart on Page 5.

8.If the compression reading is below these
figures, leaking wvalves or excessive ring
clearance is indicated. NOTE: To make
a simple check when a compression leak is
indicated, squirt a small amount (a teaspoon)
of oil into the ¢ylinder and recheck the com-
pression. If the pressure rises to near nor-
mal, compression loss is past the rings. Very
littlechange in compression indicates leakage
past the valves. A low pressure reading will
cause difficulty in starting particularly at low
temperatures.

NOTE: Always take a second set of readings
for an accurate check. This will also indicate
how much the loss of cranking speed, due o
batterydischarge, isaffecting the compression
pressure reading.
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CHECKING COMPRESSION PRESSURE (Continued)

4. Before installing the spark plugs, clean them
thoroughly and check them for burned elec-
trodes or cracked insulation. Replace them
if necessary. Regap all plugs to 025" setting,

Figure 3.

10. Replace all spark plug gaskets, Figure 3, be-
fore installing for proper seating and sealing.
Install the spark plugs finger tight. Using the
exact size spark plug wrench or a thin wall
deep socket, torque the spark plugs 32 to 35

{1Bmm} SPARK PLUG

GASKET

ft. ibs.
ROUND FEELER GAUGE WIlLL GIVE
A MORE ACCURATE READING
Figure 3
‘ NORM :
ENGINE SPEED C::MP:;SS?O& ALLOWABLE VARIATION
IMATELY BETWEEN CYLINDERS
APPROX PRESSURE c
{148) 150 RPM 140 pPsI* 20 P8I
{159} 150 RPM 125 PSI* 20 P8I
CRANKING {188} 150 RPM 125 PSI* 20 P8l
{201} 1850 RPM 150 PSP 20 P8I

*A 4% reduction in PSI must be allowed for every 1000 ft. above sea level
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CYLINDER HEAD AND COMPONENTS
148 AND 159
(Refer to Figure 4)

Disassembly

Remove the muffler and hood from the vehicle. Steam clean the entire engine area where service
works is to be performed. Disconnect and remove the air cleaner system.

1.Drain the cooling system. CAUTION: I
the engine is hot, do not remove the radiator
cap until the coolant has had sufficient time
to cool. Loosen the cap to the first stop
carefully to relieve any excess pressure
before removing it completely.

2.Remove the hose from the the thermostat
housing (1). Remove the thermostat housing
{1} and gasket (2). Discard the gasket. NOTE;
If the thermostat is to be serviced, refer
to Section 23

3.Disconnect the linkage and fuel lines from
the carburetor (3). Remove the carburetor
assembly (3} and gasket (4). Discard the
gasket. Disconnect the high tension wires
from the spark plugs and remove the spark
plugs (5) and gaskets (6).

4. Remove the bolts that connect the intake
manifold (7) to the exhaust manifold (8). Re-
move the intake manifold (7) and exhaust
manifold (8). Remove manifold gasket (9)
and discard.

5. Remove the valve cover (10), gasket (11) and
breather tube (12). Discard the gasket.

6. Remove the rocker arm bracket bolts (13)
and the stud nuts {14). Remove the rocker
arm assembly (19). See Page 14 and 15 for
servicing of the rocker arm assembiy.

7.Remove the push rods (15) and tag them so
they can be installed in their proper location
when reassembling.

8. Remove the cylinder head stud nuts (16) and
the cvlinder head (17). Remove the cviinder
head gasket (18) and discard the gasket.

Inspection

1.Replace all gaskets and worn or defective
parts.

2.Clean the top surface of the cylinder block
and sleeve flange carefully. The top of the
pistons may be cleaned with a power driven
wire brush. NOTE: The pistons must be at
top dead center when being cleaned. All
traces of carbon and other deposits must be
removed. During cleaning, the use of a clean
lint free cloth dampened in solvent is re-
commended.

3. Clean all bolt and stud threads.

4.Clean and inspect the cylinder heads thor-
oughly. If evidence of fretting or erosion
exists or if the head is warped more than
006", the head must be resurfaced or re-
placed.

5.Inspect the push rods for straightness,
cracked or worn ends. Replace if necessary.

6. Clean the valve cover and flush out the
breather tube,

7.Clean and check the spark plugs. If replace-
ment is required, regap the spark plugs to .025
setting.



2013-7




2013-8

CYLINDER HEAD AND COMPONENTS (Continued)
148 AND 159
(Refer to Figure 5)

Assembly

1.Install new cylinder head gasket (18) with the
TOP mark up.

2. Install the cylinder head (17) and stud nuts
{16}, tighten the stud nuts (16) finger tight.

3.Install new intake and exhaust manifold gas-
ket (9). Install the exhaust manifold (8) and
intake manifold (7}, leaving the stud nuts
finger tight.

4.Install the thermostat housing (1) and new
gasket (2}, leaving stud nuts finger tight.

5. Torque the cylinder head stud nuts to 60
ft. Ibs. and then to 95 - 105 ff. lbs. NOTE:
Lubricate threads with clean engine oil
prior to torguing and use the tightening
sequence shown in Inset A,

6. Torque the exhaust manifold and intake mani-
fold stud nuts 25 - 30 ft. lbs. Torque the
thermostat housing. stud nuts 20 - 25 ft. ibs.

7.Coat the push rods (15) with clean engine oil
and install them in their original location.

8.Install the rocker arm assembly (19). Make
sure all of the pushrods (15) are engaged with
the adjusting screws on the rocker arms. Tor-
que the mounting bolts (13) and stud nuts (14}
25 - 30 ft. lbs.

9. Adjust the valve tappet clearance, refer to
Page 26,

10. Install the exhaust stack (21) and new gasket
(20), if it was removed. Torque the mounting
bolts 35 to 42 ft. lbs.

11. Install the carburetor (3) with a new gasket
{4) to the intake manifold (7). Torgue the
mounting bolts 35 - 42 ff. Ibs. Reconnect the
linkage and fuel line fo the carburetor.

12.Reconnect the hose to the thermostat housing
(1) and clamp securely. Make sure the drain
valves are closed and refill the cooling svs-
tern. Reinstall the air cleaner system making
sure all connections are tight. Install the
spark plugs (5) withnew gaskets (6) and torque
32 - 351t. Ibs. Reconnect all of the high tension
wires to the spark plugs.

13.Apply clean engine oil to the rocker arm
assembly and start the engine. Check that the
rocker arms are receiving lubricating oil.
Operate theengine for approximately one hour,
{under load if possibie) to thoroughly warm
up the engine and seat the head gaskets.

14.Shut the engine off. Back off each stud nut
individually 1/4 turn and retorque to 95 -
105 ft. Ibs. in the proper sequence, Inset A,
NOTE: DO NOT BACK OFF ALL THE
STUD NUTS AT THE SAME TIME. Recheck
the torque to make sure all stud nuts have
retained their proper torque. Recheck the
rocker arm stud nuts and mounting bolts to
make sure they have retained the 25-30 fi.
ibs. torque.

15.Install a new valve cover gasket (11) and
valve cover (10), Torque the cover nuts 5 o
8 ft. Ibs. Do not over torque the cover nuts.
Install the breather tube (12).
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CYLINDER HEAD AND COMPONENTS (Continued)
188 AND 201
(Refer to Figure 6)

Disassembly

Remove the muffler and hood from the vehicle. Steam clean the entire engine area where
service work is to be performed. Disconnect and remove the air cleaner system.

1.Drain the cooling system. CAUTION: If
the engine is hot, do not remove the radiator
cap until the coolant has had sufficient time
to cool. Loosen the cap to the first stop
carefully to relieve any excess pressure
bhefore removing it completely.

2.Remove the hose from the the thermostat
housing (1). Remove the thermostat housing
(1) andgasket (2}, Discard the gasket. NOTE;
If the thermostat is to be serviced, refer
10 Section 25.

3.Disconnect the linkage and fuel lines from
the carburetor (3). Remove the carburetor
assembly (3) and gasket (4). Discard the
gasket. Disconnect the high tension wires
from the spark plugs and remove the spark
plugs () and gaskets (6).

4. Remove the bolts that connect the intake
manifold (7) to the exhaust manifold (8). Re-
move the intake manifold (7) and exhaust
manifold (8). Remove manifold gasket (9)
and discard.

3. Remove the valve cover (10), gasket (11) and
breather tube (12). Discard the gasket.

6. Remove the rocker arm bracket bolts (13).
Remove the rocker arm assembly (19). See
Page 16 and 17 for servicing of the rocker
arm assembly.

7.Remove the push rods (15) and tag them so
they can be installed in their proper location
when reassembling.

8. Remove the cylinder head stud nuts (16) and
the cylinder head (17). Remove the cylinder
head gasket (18) and discard the gasket.

Inspection

1.Replace all gaskets and worn or defective
parts.

2.Clean the top surface of the cylinder block
and sleeve flange carefully. The top of the
pistons may be cleaned with a power driven
wire brush. NOTE: The pistons must be at
top dead center when being cleaned. All
traces of carbon and other deposits must be
removed. During cleaning, the use of a clean
lint free cloth dampened in solvent is re-
commended.

3.Clean all bolt and stud threads.

4.Clean and inspect the cylinder heads thor-
oughly. If evidence of fretting or erosion
exists or if the head is warped more than
.006”, the head must be resurfaced or re-
placed.

5.Inspect the push rods for straightness,
cracked or worn ends. Replace if necessary.

6.Clean the valve cover and flush out the
breather tube.

7.Clean and check the spark plugs. If replace-
ment is required, regap the spark plugs to 0253
setting.
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CYLINDER HEAD AND COMPONENTS (Continued)

188 AND 201
(Refer to Figure 7)

Assembly

1. Install new cylinder head gasket (18) with the
TOP mark up.

2.Install the cylinder head (17) and stud nuts
(16}, tighten the stud nuts (16) finger tight.

3.Install new intake and exhaust manifold gas-
ket (9}. Install the exhaust manifold (8) and
intake manifold (7), leaving the stud nuts
finger tight.

4.Install the thermostat housing (1) and new
gasket (2), leaving stud nuts finger tight.

5. Torque the cylinder head flanged nuts to
60 £1. Ibs. and then to 90-100 ft. l1bs. NOTE:
Lubricate threads with clean engine oil
prior to torquing and use the tightening se-
guence shown in Inset A.

6. Torgue the exhaust manifold and intake mani-
fold stud nuts 25 - 30 ft. Ibs. Torgue the
thermostat housing stud nuts 20 - 25 ft. lbs.

7.Coat the push rods (15) with clean engine oil
and install them in their original location.

8. Install the rocker arm assembly (19). Make
sure all of the push rods (15) are engaged
with the adjusting screws on the rocker arms.
Torque the mounting bolts (13) 25-30 ft. Ibs.

9. Adjust the valve tappet clearance, refer to
Page 26,

10. Install the exhaust stack (21) and new gasket
(20), if it was removed. Torque the mounting
bolts 35 to 42 ft. Ibs.

11.Install the carburetor {3) with a new gasket
{4) to the intake manifold (7). Torque the
mounting bolts 35 - 42 ft. 1bs. Reconnect the
linkage and fuel line to the carburetor.

12. Reconnect the hose to the thermostat housing
(1) and clamp securely. Make sure the drain
valves are closed and refill the cooling sys-
tem. Reinstall the air cleaner system making
sure all connections are tight. Install the
sparkplugs (5) withnew gaskets (6) and torque
32 - 35ft. Ibs. Reconnect all of the high tension
wires 1o the spark plugs.

13. Apply clean engine oil to the rocker arm
assembly and start the engine. Check that the
rocker arms are receiving lubricating oil.
Operate theengine for approximately one hour,
{under load if possible) to thoroughly warm
up the engine and seat the head gaskets.

14. Shut the engine off. Back off each cylinder
head flanged nut individually 1/4 turn and
retorque to 90-100 ft. Ibs. in the proper
sequence, Inset A. NOTE: DO NOT BACK
OFF ALL THE FLANGED NUTS AT THE
SAME TIME. Recheck the torgue to make
sure all flanged nuts have retained their
proper torgue. Recheck the rocker arm
bolts to make sure they have retained the
25-30 ft. 1bs. torque.

15.Install a2 new valve cover gasket (11) and
valve cover (10). Torque the cover nuts 5 to
8 fi. Ibs. Do not over torque the cover nuts.
Install the breather tube (12},
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ROCKER ARM ASSEMBLY

148 AND 159
(Refer to Figure 8)

Disassembly

1.Remove the rocker arm shaft bracket
bolts (1) and studs (9). NOTE: The center
bracket is drilled for oil passge to the
rocker arm shafts.

2.Remove and tag each rocker arm bracket
(2 & 10) for proper location when assem-
bling. NOTE: The end brackets will have
o be moved outward slightlv in order to
remove the retainer pins (4) from the shafts

{5) before the end brackets can be removed.

3.Remove the shaft springs (8) and spacers
(11) from the shafts (5). Tag the front and
rear shafts (5) for proper location when
assembling.

4. Remove the tappetadjusting screws (12) from
the rocker arms. Remove the push rods and
tag them for proper location.

Inspection

Check the shaft springs for damage and
proper tension.
SPRING SPECIFICATIONS

Free Length ooccicrsrcncrrnesnns 1-3/16
Wire DIameter ..o consin. RifpAd
LD e raa e 11/18”
Compressed to 1171687 ... 7.5 to 8.5 ibs.

Flush the shafts 1o remove any residual
material. Inspect the shafts for excessive
wear or worn spots on the bottom side of the
shaft. Replace the shaft if any of these condi-
tions exists.

Inspect the rocker arms by installing each
rocker arm on the shafts in its proper location.

The rocker arm must be free on the shaft
without any side wobble. If any is noted, re-
place the rocker arm bushing. Clean the oil
passage in the rocker arms, Inset A, to insure
free oil flow. Inspect the valve stem contact
area on the rocker arm for wear. Replace if
worn.

Clean and check the oil passage in the tappet
adjusting screws.

Inspect the push rods for straightness,
cracked or worn ends, replace if these condi-
tions exist.

Clean and check the oil passage in the center
rocker arm bracket, Inset B,

Assembly

With all component parts cleaned thoroughly and worn parts replaced, coat them with clean

engine oil.

1.Install the plugs (3) in to the outer ends of
the shafts (5), if they were removed, to a
point which will allow the retainer pins (4)
to be instalied and not block any oil holes.
NOTE: If the plugs (3) are installed too
far they will block the flow of oil to one or
more rocker arms.

2.1nstall the end brackets (2) part way on the
shafts {(5) so the retaining pins (4) can be in-
stalled in shaft. Tap the end brackets further
on the shafts so the pin engages the slot in
the bracket and the oil holes in the shaft are
toward the valve side of the bracket.

3.Install new rocker arm bushing (13) in io
the rocker arms (6 & 7) if they are being
replaced. NOTE: The bushing (13) must
be pressed into the rocker arm and reamed
to .6247-.625"7, Inset A.

4. Starting with the front shaft install a rear
rocker arm (7), spring (8), front rocker arm

(6), intermediate bracket (2), spacer (11), rear
rocker arm (7), spring (8) and front rocker
arm (86).

5.8tarting with the rear shaft install a front
rocker arm (6), spring (8), rear rocker arm
(7), intermediate bracket (2), spacer (11),
front rocker arm (6), spring (8) and rear
rocker arm (7).

6.Install these two rocker arm shaft assem-
blies into the center bracket (10) and wire
the complete assembly together.

7.1Install the tappet adjusting screws (12} into
the rocker arms (6 & 7) as far as possible,

8. Install the push rods in their proper location.
Install the rocker arm assembly to the cyl-
inder head with the bracket bolts (1) and
studs (9). Torque the bracket bolts and stud
nuts 25-30 ft. 1bs.

9. Adjust the tappets, refer to Page 26.
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ROCKER ARM ASSEMBLY (Continued)
188 AND 201
(Refer to Figure 9)

Disassembly

1.Remove the rocker arm shaft bracket
belts (1 & 9). NOTE: The center bracket
bolt is drilled for oil passage 1o the rocker
arm shafts.

2. Remove and tag each rockerarm (4 & 7) and
bracket (3, 10, 11 & 12) for proper location

when assembling.

3.Remove the shaft springs (8) and tag the
front and rear shafts (8).

4. Remove each tappet adjusting screw (5) from
each rocker arm, refer to Inset A.

Iinspection

Check the shaft springs for damage and
proper tension.

SPRING SPECIFICATIONS

Free Length .cooiviiiiniiiiiiiviiieiice v, 2.5”
Wire Diameter ..ocvvvveviviiieniienceennn, ar2r
Compressed to 1.75" ............ 7.5 to 8.5 lbs.

Flush the shafts to remove any residual
material. Inspect the shafts for excessive
wear or worn spots on the bottom side of the
shaft. Replace the shaft if any of these con-
ditions exists.

Inspect the rocker arms by installing each

rocker arm on the shafts in its proper loca-
tion. The rocker arm must be free on the
shaft withoul any side wobble. If any is noted,
replace the rocker arm. Clean the oil passage
in the rocker arms to insure free oil flow,
Inspect the valve stem contact area on the
rocker arm for wear. Replace if worn.

Clean and check the oil passage in the
tappet adjusting screws, Inset A, and the
center bracket retaining bolt (1).

Inspect the push rods for straightness,
cracked or worn ends, replace if these con-
ditions exist,

Assembly

With all component parts cleaned thoroughly and worn parts replaced, coat them with clean

engine oil.

1.Install the intermediate brackets (10} on the
shafts (8), starting with the front shaft. The
front shaft is installed with the short end of
the shaft (from the cut-out) toward the front
of the engine, see Inset B. The rear shaft is
instalied with the short end of the shaft (from
the cut-out} toward the rear of the engine.

2.Insert the bracket bolt (9) into the inter-
mediate bracket (10) - it must line up with
the cut-out in the shaft.

3.Install the tappet adjusting screws (3) into
the rocker arms (4 & 7), make sure the screws
are turned into the rocker arms as far as
possible,

4. Install the rocker arms (4 & 7) and springs
{6} on the rocker arm shafts (8).

5.Install the center bracket (11) to the long
end (from the cut-out) of the shafts (8). In-
stall the front (12) and rear (3) brackets to
the shafts (8).

6. Before installing the rocker arm assembly
on the cylinder head, crank the engine (fuel
injectors removed) with the starting motor
{approximately 1 to 3 minutes) until oil ap-
pears at the center oil passage in the head,
see Inset C. Install the rocker arm assem-
bly to the cylinder head with bracket bolts
{1 & 9), making sure the center bracket
drilled bolt (1) is installed in the cyiinder
head oil passage hole. Torgue the
bracket bolts 25-30 ft. lbs.

7.Adjust the tappets, refer to Page 26.
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CYLINDER HEAD ASSEMBLY

148 AND 159
(Refer to Figure 10)

Disassembly

1.Using a wvalve spring compressor, com-
press the valve spring (1) enough fo remove
the valve retainer locks (2). Release the
spring compressor and remove the intake
valve seals (3), intake valve retainers (4)
and the exhaust valve rotators (5). Remove
the springs (1).

2.Remove any carbon from the valve stems
before they are removed from the cylinder
head. Remove the intake valves (6} and ex-
haust valves (7) from the cylinder head (9)
and set them in a rack or holder. NOTE:
Mark the valves on removal so they can
be installed in their original location.

3.Remove the intake valve guides (10) and the
exhaust valve guides (11) by driving them

down through the cylinder head (9) using
an arbor.

4. Remove the exhaust valve seats (8) from
the cylinder head (9) using a special seat
removing tool, Inset B. NOTE: Never at-
tempt to remove a valve seat with a center
punch, cold chisel or pry bar.

5. Remove the push rod tubes (12) from the
cylinder head (9) by driving them down
through the head. Remove the push rod tube
“O rings (13) and discard them.

6.To remove the expansion plug (14) from the
cvlinder head (9) it must be drilled and
pryed out.

NOTE: Refer to Inspection and Servicing
on Pages 22,23, 24 and 25 prior to Assembly.

Assembly

1. ¥ the valve guides are being replaced, in-
stall new guides (10 & 11) in the cylinder
head using an arbor. Press the guides into
the head from the top of the cylinder head.
The guides must protrude above the cylinder
head (intake - 1.000” and exhaust - .844"),
Inset A. After the guides have been pressed
into place, they must be reamed to .3422”
- .34327, Inset A.

2.To install new exhaust valve seats (8),
clean the recess in the cylinder head (9).
Place the valve seats in dry ice to shrink
them. Insert the valve seats in the head
and press them in place, using a suitable
press.

3.Install new push rod tube “O” rings (13)
in the cylinder head recesses. Lubricate
the push rod tubes (12) with clean engine
oil and install them into the cylinder head.
NOTE: The tubes must be installed from
the top with the tapered end down. Be sure
they DO NOT protrude below the cylinder
head, See Inset C.

4. Lubricate the intake valves (8) and exhaust
vaives (7) with clean engine oil and install
them in their original location.

5.Install valve springs (1) with closed coil
end toward head, and valve retainers (4) on
the intake valves (6). Compress the valve
springs so that the intake valve seals (3)

can be installed in the lower groove on the
valve stems. Install the valve retainer locks
{(2) and remove the spring compressor care-
fully. *

6.Install the valve springs (1) and the ex-
haust wvalve rotators (3) on the exhaust
valves (7). Compress the valve springs so
that the valve retainer locks (2) can be in-
stalled. Remove the spring compressor
carefully.

7.Install new expansion plug (14) if it was
removed. The plug must be pressed in place
and firmly seated against the refaining ridge
in the cylinder head.

NOTE: When engine assembly is complete,
a check of the operation of the rotators
must be made. It is impossible to determine
whether or not the rotator is turning without
an identifying mark.

Place a dab of white paint on each of the ro-
tators and note it’s position. Start the engine
and observe whether or not the rotator is
turning. DO NOT attempt repairs on rotators.
There is not a set speed at which the rotators
should turn. Some rotators will turn faster
than others. As long as the rotator is turning
the valve, it is functioning properly.
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INBET B

EXHAUST SEAT REMOVING TOOL

INSET C

EXHAUST VALVE
ABEEMBLY
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