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ARTICLE BEGINNING

Engi ne Over haul Procedures - Ceneral |nformation
ALL PI STON ENG NES

* PLEASE READ THIS FIRST *

Exanpl es used in this article are general in nature and do
not necessarily relate to a specific engine or system Illustrations
and procedures have been chosen to guide nmechani c through engine
over haul process. Descriptions of processes of cleaning, inspection,
assenbly and machi ne shop practice are included.

Al ways refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and specifications
for the vehicle being repaired.

ENGINE IDENTIFICATION

The engine may be identified fromits Vehicle Identification
Nurmber (VIN) stanped on a netal tab. Metal tab may be | ocated in
different |ocations dependi ng on manufacturer. Engine identification
nunber or serial nunber is |ocated on cylinder block. Location varies
wi t h manuf acturer.

INSPECTION PROCEDURES
* PLEASE READ THIS FIRST *

NOTE: Al ways refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and
speci fications for the vehicle being repaired.

GENERAL

Engi ne conponents nust be inspected to neet manufacturer's
speci fications and tol erances during overhaul. Proper dinmensions and
tol erances nmust be net to obtain proper performance and maxi mum engi ne
life.

M croneters, depth gauges and dial indicator are used for
checking tol erances during engi ne overhaul. Magnafl ux, Magnaglo, dye-
check, ultrasonic and x-ray inspection procedures are used for parts
i nspecti on.

MAGNETIC PARTICLE INSPECTION

Magnaf | ux & Magnagl o

Magnafl ux is an inspection technique used to | ocate materi al
flaws and stress cracks. The part in question is subjected to a strong
magnetic field. The entire part, or a localized area, can be
magneti zed. The part is coated with either a wet or dry material that
contains fine magnetic particles.
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Cracks which are outlined by the particles cause an
interruption in the magnetic field. The dry powder nethod of Magnafl ux
can be used in normal light. A crack will appear as an obvi ous bright
i ne.

Fl uorescent liquid is used in conjunction with a bl acklight
in a second Magnafl ux system cal |l ed Magnagl o. This type of inspection
demands a darkened room The crack will appear as a glowing line in
this process. Both systens require conplete demagneti zi ng upon
conpl etion of the inspection. Magnetic particle inspection applies to
ferrous materials only.

PENETRANT INSPECTION

Zygl o
The Zygl o process coats the material with a fluorescent dye

penetrant. The part is often warned to expand cracks that will be
penetrated by the dye. Wien the coated part is subjected to inspection
with a blacklight, a crack will glow brightly. Devel opi ng sol ution
is often used to enhance results. Parts made of any material, such as
al um num cyl i nder heads or plastics, may be tested using this process.

Dye Check

Penetrating dye is sprayed on the previously cleaned
conponent. Dye is left on conponent for 5-45 m nutes, dependi ng upon
materi al density. Conponent is then wi ped clean and sprayed with a
devel opi ng solution. Surface cracks will show up as a bright |ine.

ULTRASONIC INSPECTION

I f an expensive part is suspected of internal cracking,
Utrasonic testing is used. Sound waves are used for conponent
i nspecti on.

X-RAY INSPECTION

This form of inspection is used on highly stressed
conponents. X-ray inspection maybe used to detect internal and
external flaws in any material.

PRESSURE TESTING

Cyli nder heads can be tested for cracks using a pressure
tester. Pressure testing is perforned by plugging all but one of the
holes in the head and injecting air or water into the open passage.
Leaks are indicated by the appearance of wet or danp areas when using
water. When air is used, it is necessary to spray the head surface
with a soap solution. Bubbles will indicate a | eak. Cylinder head may
al so be subnerged in water heated to specified tenperature to check
for cracks created during heat expansion.

CLEANING PROCEDURES
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* PLEASE READ THIS FIRST *

NOTE: Al ways refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and
speci fications for the vehicle being repaired.

GENERAL

Al'l conponents of an engi ne do not have the same cl eaning
requi rements. Physical nethods include bead bl asting and manua
renoval . Chem cal nethods include sol vent bl ast, solvent tank, hot
tank, cold tank and steam cl eani ng of conponents.

BEAD BLASTING

Manual renoval of deposits may be required prior to bead
bl asting, followed by sonme other cleaning nmethod. Carbon, paint and
rust may be renoved using bead bl asting nmethod. Conponents nust be
free of oil and grease prior to bead blasting. Beads will stick to
grease or oil soaked areas causing area not to be cl eaned.

Use air pressure to renove all trapped residual beads from
conponents after cleaning. After cleaning internal engine parts nade
of alum num wash thoroughly with hot soapy water. Conmponent nust be
t horoughly cl eaned as gl ass beads will enter engine oil resulting in
beari ng damage.

CHEMICAL CLEANING

Sol vent tank is used for cleaning oily residue from
conponents. Sol vent bl asting sprays solvent through a siphon gun using
conpressed air.

The hot tank, using heated caustic solvents, is used for
cleaning ferrous materials only. DO NOT clean al um num parts such as
cylinder heads, bearings or other soft netals using the hot tank.
After cleaning, flush parts with hot water.

A non-ferrous part will be ruined and caustic solution wll
be diluted if placed in the hot tank. Al ways use eye protection and
gl oves when using the hot tank.

Use of a cold tank is for cleaning of alum num cylinder
heads, carburetors and other soft metals. A |less caustic and unheat ed
solution is used. Parts may be [ift in the tank for several hours
wi t hout damage. After cleaning, flush parts with hot water

Steam cl eaning, with boiling hot water sprayed at high
pressure, is recomended as the final cleaning process when using
ei ther hot or cold tank cl eaning.

COMPONENT CLEANING
* PLEASE READ THIS FIRST *

NOTE: Al ways refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and
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speci fications for the vehicle being repaired.

SHEET METAL PARTS

Exanpl es of sheet netal parts are the rocker covers, front
and side covers, oil pan and bel | housi ng dust cover. G ass bead
bl asting or hot tank may be used for cl eaning.

Ensure all mating surfaces are flat. Deforned surfaces should
be strai ghtened. Check all sheet netal parts for cracks and dents.

INTAKE & EXHAUST MANIFOLDS

Using solvent cleaning or bead blasting, clean manifolds for
i nspection. If the intake mani fold has an exhaust crossover, al
carbon deposits nust be renoved. |nspect manifolds for cracks, burned
or eroded areas, corrosion and damage to fasteners.

Exhaust heat and products of conbustion cause threads of
fasteners to corrode. Replace studs and bolts as necessary. On "V’
type intake manifolds, the sheet netal oil shield nust be renoved for
proper cleaning and inspection. Ensure that all manifold parting
surfaces are flat and free of burrs.

CYLINDER HEAD REPLACEMENT
* PLEASE READ THIS FIRST *

NOTE: Al ways refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and
speci fications for the vehicle being repaired.

REMOVAL

Renove i ntake and exhaust manifolds and val ve cover. Cylinder
head and canshaft carrier bolts (if equi pped), should be renoved only
when the engine is cold. On many al um num cylinder heads, renoval
while hot will cause cylinder head warpage. Mark rocker arm or
over head cam conponents for |ocation

Renove rocker arm conponents or overhead cam conponents.
Conponents nust be installed in original |ocation. Individual design
rocker arms may utilize shafts, ball-type pedestal nounts or no rocker
arns. For all design types, wire conponents together and identify
according to the correspondi ng val ve. Renove cylinder head bolts.

Note |l ength and | ocation. Some applications require cylinder head
bolts be renoved in proper sequence to prevent cylinder head damage.
See Fig. 1. Renove cylinder head.
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_ _ @ FRONT OF VEHICLE _
Fig. 1: Typical Cylinder Head Tightening or Loosening Sequence

This G aphic For General Information Only

INSTALLATION

Ensure all surfaces and head bolts are clean. Check that head
bolt holes of cylinder block are clean and dry to prevent block damage
when bolts are tightened. Cean threads with tap to ensure accurate
bolt torque.

Install head gasket on cylinder block. Sone manufacturer's
may recommend seal ant be applied to head gasket prior to installation.
Note that all holes are aligned. Some gasket applications may be
mar ked so certain area faces upward. Install cylinder head using care
not to damage head gasket. Ensure cylinder head is fully seated on
cyl i nder bl ock.

Sone applications require head bolts be coated with seal ant
prior to installation. This is done if head bolts are exposed to water
passages. Sone applications require head bolts be coated with |ight
coat of engine oil.

Install head bolts. Head bolts should be tightened in proper
steps and sequence to specification. See Fig. 1. Install renaining
conponents. Tighten all bolts to specification. Adjust valves if
requi red. See VALVE ADJUSTMENT in this article.

NOTE: Sone manufacturers require that head bolts be retightened
after specified anount of operation. This nust be done to
prevent head gasket failure.

VALVE ADJUSTMENT

Engi ne specifications will indicate valve train clearance and
temperature at which adjustnent is to be nmade on nost nodels. |In nost
cases, adjustment will be nmade with a cold engine. In sonme cases, both
a cold and a hot clearance will be given for maintenance conveni ence.

On sone nodel s, adjustnent is not required. Rocker arns are
ti ghtened to specification and valve lash is automatically set. On
sonme nodels with push rod actuated valve train, adjustnent is nmade at
push rod end of rocker armwhile other nodels do not require
adj ust nent .

Cl earance will be checked between tip of rocker armand tip
of valve stemin proper sequence using a feeler gauge. Adjustnent is
made by rotating adjusting screw until proper clearance is obtained.
Lock nut is then tightened. Engine will be rotated to obtain all valve
adjustments to manufacturer's specifications.
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Sone nodels require hydraulic lifter to be bled down and
cl earance neasured. Different |length push rods can be used to obtain
proper clearance. Clearance will be checked between tip of rocker arm
and tip of valve stemin proper sequence using a feel er gauge.

On overhead cam engi nes desi gned w thout rocker arns actuate
val ves directly on a camfollower. A hardened, renovable disc is

install ed between the camlobe and lifter. Cearance will be checked
bet ween cam heel and adjusting disc in proper sequence using a feeler
gauge. Engine will be rotated to obtain all val ve adjustnents.

On overhead cam engi nes designed with rocker armns, adjustnent
is made at push rod end of rocker arm Ensure that the valve to be
adjusted is riding on the heel of the camon all engines. C earance
wi Il be checked between tip of rocker armand tip of valve stemin
proper sequence using a feeler gauge. Adjustnent is nmade by rotating
adjusting screw until proper clearance is obtained. Lock nut is then
tightened. Engine will be rotated to obtain all valve adjustnents to
manuf acturer's specifications.

CYLINDER HEAD OVERHAUL
* PLEASE READ THIS FIRST *
NOTE: Al ways refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and
speci fications for the vehicle being repaired.
DISASSEMBLY
Mark val ves for |ocation. Using valve spring conpressor,
conpress val ve springs. Renove valve | ocks. Carefully rel ease spring

conpressor. Renove retainer or rotator, valve spring, spring seat and
val ve. See Fig. 2.

Val
G;\ U U*—_Lo&i_—r\j D
Seal Retainer
= e
Rotalor
Shield

Valve =
Spring

INTAKE EXHAUST
Fig. 2: Exploded View of Intake & Exhaust Val ve Assenblies - Typi cal
This G aphic For General Information Only
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CLEANING & INSPECTION

G ean cylinder head and val ve conponents using approved
cl eani ng nmet hods. |nspect cylinder head for cracks, damage or warped
gasket surface. Place straightedge across gasket surface. Determ ne
cl earance at center of straightedge. Measure across both di agonal s,
| ongi tudi nal centerline and across the head at several points. See
Fig. 3.

Check Angles Across
Surfaces As Shown

Fig. 3: Checking Cylinder Head for \Warpage - Typi cal
This G aphic For General Information Only

On cast cylinder heads, if warpage exceeds .003" (.08 mm)
ina 6" span, or .006" (.15 mm) over total |ength, cylinder head nust
be resurfaced. On nost al um num cylinder heads, if warpage exceeds .
002" (.05 mm) in any area, cylinder head nmust be resurfaced. \Warpage
speci fication may vary w th manufacturer

Cylinder head thickness should be neasured to determ ne
amount of material which can be renoved before replacenent is
requi red. Cylinder head thickness nmust not be |ess than manufacturer's
speci ficati ons.

If cylinder head required resurfacing, it may not align
properly with intake manifold. On "V' type engines, misalignnent is
corrected by machining intake manifold surface that contacts cylinder
head. Cylinder head may be machi ned on surface that contacts intake
mani f ol d.

Using oil stone, renpbve burrs or scratches fromall sealing
surf aces.

VALVE SPRINGS

I nspect val ve springs for corroded or pitted val ve spring
surfaces which may | ead to breakage. Polished spring ends caused by
a rotating spring, indicates that spring surge has occurred. Replace
springs show ng evi dence of these conditions.

I nspect val ve springs for squareness using a 90 degree
strai ghtedge. See Fig. 4. Replace valve spring if out-of-square
exceeds manufacturer's specification.
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Valve Spring

)

SQUARE

Fig. 4: Checking Valve Spri hg Squar eness - Typi cal
This Graphic For General Information Only

Using vernier caliper, nmeasure free length of all valve
springs. Replace springs if not within specification. Using valve
spring tester, test valve spring pressure at installed and conpressed
hei ghts. See Fig. 5.

Usual Iy conpressed height is installed height m nus val ve
lift. Replace valve spring if not within specification. It is
reconmended to replace all valve springs when overhauling cylinder
head.

Valve Spring
Tester

Valve Spring

Fig. 5: Checking Valve Spring Pressure - Typical
This Graphic For General Information Only

VALVE GUIDE

Measuring Val ve @Guide Cl earance

Check val ve stemto-gui de cl earance. Ensure val ve stem
dianeter is within specifications. Install valve in valve guide.
Install dial indicator assenbly on cylinder head with tip resting
agai nst val ve stemjust above valve guide. See Fig. 6.



ENGINE OVERHAUL PROCEDURES - GENERAL INFORMATION
Article Text (p. 9)
1993 Volkswagen EuroVan

For Volkswagen Technical Site
Copyright © 1998 Mitchell Repair Information Company, LLC
Saturday, March 18, 2000 10:32PM

Dial indicator

Fig. 6: Measuring Val ve Stemto-Gui de O earance - Typi cal
This Graphic For General Information Only

Lower val ve approxi mately 1/16" bel ow val ve seat. Push val ve
stem agai nst val ve guide as far as possible. Adjust dial indicator to
zero. Push valve stemin opposite direction and note readi ng.

Cl earance nust be within specification.

If val ve gui de cl earance exceeds specification, valves with
oversi ze stens may be used or valve guide nust be replaced. On sone
applications, a false guide is installed, then reamed to proper
speci fication. Valve guide reanmer set is used to reamvalve guide to
obtai n proper clearance for new val ve.

Ream ng Val ve Qui de

Sel ect proper reaner for valve stem Reaner nust be of
proper length to provide clean cut through entire I ength of valve
guide. Install reanmer in valve guide and rotate to cut val ve guide.
See Fig. 7.

Guide Reaming Tool

Break Sharp Corner

Fig. 7: Reamng Valve Quides - Typical
This Graphic For General Information Only
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Repl aci ng Val ve Qui de

Repl ace val ve guide if clearance exceeds specification. Valve
gui des are either pressed, hammered or shrunk in place, depending upon
cylinder head design and type of netal used.

Renove val ve guide from cylinder head by pressing or tapping
on a stepped drift. See Fig. 8. Once valve guide is installed,
di stance fromcylinder head to top of val ve guide nust be checked.
Thi s di stance nmust be within specification.

Al um num heads are often heated before installing val ve
guide. CGuide is sonetines chilled in dry ice before installation.
Conbi nation of a heated head and chilled guide insures a tight guide
fit upon assenbly. The new gui de nust be reaned to specification.

Specified Diameter
For Valve Guide Vaive Guide Installer

Fig. 8 Typical Valve CGuide Renover & Installer
This G aphic For General Information Only

VALVES & VALVE SEATS

Val ve Gi ndi ng

Val ve stem O D. shoul d be neasured in several areas to
i ndi cate anmount of wear. Replace valve if not within specification.
Val ve margin area should be neasured to ensure that val ve can be
grounded. See Fig. 9.

Margin Thickness ——

-L./ f \.
t

Fig. 90 Measuring Val ve Head Margin - Typi cal
This G aphic For General Information Only

If valve margin is less than specification, this will burn
t he val ves. Val ve nust be replaced. Due to mi ni mum margi n di nensi ons
duri ng manuf acture, sone new type val ves cannot be reground.

Resurface val ve on proper angle specification using valve
grindi ng machi ne. Fol |l ow manufacturer's instructions for valve
grinding machi ne. Specifications may indicate a different valve face
angl e than seat angle.

Measure valve margin after grinding. Replace valve if not
within specification. Valve stemtip can be refinished using val ve
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gri ndi ng machi ne.

Val ve Lappi ng

During val ve | apping of recent designed valves, be sure to
foll ow manuf acturers reconmendati ons. Surface hardening and materials
used with sone val ves do not permt |apping. Lapping process wll
renove excessive anounts of the hardened surface.

Val ve | apping is done to ensure adequate sealing between
val ve face and seat. Use either a hand drill or lapping stick with
suction cup attached.

Mbi sten and attach suction cup to valve. Lubricate valve stem
and guide. Apply a thin coat of fine valve grinding conpound between
val ve and seat. Rotate |apping tool between the palns or w th hand
drill.

Lift valve upward off the seat and change position often.
This is done to prevent grooving of valve seat. Lap valve until a
snmoot h polished seat is obtained. Thoroughly clean grinding conmpound
from conponents. Valve to valve seat concentricity should be checked.
See VALVE SEAT CONCENTRI CI TY.

CAUTI ON: Val ve guides nust be in good condition and free of carbon
deposits prior to valve seat grinding. Some engi nes contain
an induction hardened val ve seat. Excessive material renoval
wi | | damage val ve seats.

Val ve Seat Ginding

Sel ect coarse stone of correct size and angle for seat to be
ground. Ensure stone is true and has a snooth surface. Select correct
size pilot for valve guide dinension. Install pilot in valve guide.
Lightly lubricate pilot shaft. Install stone on pilot. Mve stone off
and on the seat approximately 2 tines per second during grinding
oper ati on.

Select a fine stone to finish grinding operation. Ginding
stones with 30 and 60 degree angles are used to center and narrow the
val ve seat as required. See Fig. 10.

To Remave Stack From To Remove Stock From
Top of Seat Bottom of Seat
Use 30 Degree Stone Use 60 Degree Stone

AN
Valve Seat
Width

p= N

Fig. 10: Adjusting Valve Seat Wdth - Typica
This G aphic For General Information Only
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Val ve Seat Repl acenent

Repl acement of val ve seat inserts is done by cutting out
the old insert and machi ning an oversize insert bore. Replacenent
oversize insert is usually chilled and the cylinder head is sonetines
war med. Valve seat is pressed into the head. This operation requires
speci al i zed machi ne shop equi pnent.

Val ve Seat Concentricity

Usi ng dial gauge, install gauge pilot in valve guide.
Position gauge armon the val ve seat. Adjust dial indicator to zero.
Rot ate arm 360 degrees and note readi ng. Runout should not exceed
speci fication.

To check val ve-to-val ve seat concentricity, coat valve face
l[ightly with Prussian Blue dye. Install valve and rotate it on valve
seat. If pattern is even and entire seat is coated at val ve contact
point, valve is concentric with the seat.

REASSEMBLY

Val ve Stem Installed Hei ght

Val ve steminstalled hei ght nust be checked when new val ves
are installed or when valves or valve seats have been ground. I|nstal
val ve in valve guide. Measure distance fromtip of valve stemto
spring seat. See Fig. 11. Distance nust be within specifications.

Valve Stem Tip ———

1

Measure
Here

Valve Seal Boss ——

Spring
Seat »

Fig. 11: Measuring Valve StemlInstalled Height - Typica
This G aphic For General Information Only

p

Renove val ve and grind valve stemtip if height exceeds
speci fication. Valve tips are surface hardened. DO NOT renove nore
than .010" (.25 mm) fromtip. Chanfer sharp edge of reground val ve
ti p. Recheck valve steminstalled height.

VALVE STEM OIL SEALS

Val ve stemoil seals nust be installed on valve stem See
Fig. 2. Seals are needed due to pressure differential at the ends of
val ve gui des. Atnospheric pressure above intake guide, conbined with
mani f ol d vacuum bel ow gui de, causes oil to be drawn into the cylinder

Exhaust gui des al so have pressure differential created by
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exhaust gas flow ng past the guide, creating a | ow pressure area. This
| ow pressure area draws oil into the exhaust system

Repl acement (On Vehi cl e)

Mark rocker arm or overhead cam conponents for |ocation.
Renmove rocker arm conponents or over head cam conponents. Conponents
must be installed in original |ocation. Renove spark plugs. Valve stem
oil seals may be replaced by hol ding val ves agai nst seats using air
pressure.

Air pressure nmust be installed in cylinder using an adapter
for spark plug hole. An adapter can be constructed by wel ding air hose
connection to spark plug body with porcelain renoved.

Install adapter in spark plug hole. Apply a m ni mumof 140
psi (9.8 kg/cny) to adapter. Air pressure should hold valve closed. If
air pressure does not hold valve cl osed, check for damaged or bent
val ve. Cylinder head nust be renoved for service.

Usi ng val ve spring conpressor, conpress valve springs. Renove
val ve | ocks. Carefully rel ease spring conpressor. Renove retainer or
rotator and val ve spring. Renove valve stemoil seal

If oversized val ves have been install ed, oversized oil seals
must be used. Coat valve stemw th engine oil. Install protective
sl eeve over end of valve stem Install new oil seal over valve stem
and seat on val ve guide. Renove protective sleeve. Install spring
seat, valve spring and retainer or rotator. Conpress spring and
install valve | ocks. Renobve spring conpressor. Ensure valve | ocks
are fully seated.

Install rocker arms or overhead cam conponents. Tighten al
bolts to specification. Adjust valves if required. Renove adapter.
Install spark plugs, valve cover and gasket.

VALVE SPRING INSTALLED HEIGHT

Val ve spring installed height should be checked during
reassenbly. Measure height from!|ower edge of valve spring to the
upper edge. DO NOT include val ve spring seat or retainer. Distance
must be within specifications. If valves and/or seats have been
ground, a valve spring shimmay be required to correct spring height.
See Fig. 12.

Spring Retainer

Spring Seat

Fig. 12: Measuring Valve Spring Installed Height - Typica
This G aphic For General Information Only
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ROCKER ARMS & ASSEMBLIES

Rocker Studs

Rocker studs are either threaded or pressed in place.
Threaded studs are renoved by |ocking 2 nuts on the stud. Unscrew the
stud by turning the jamnut. Coat the stud threads with Loctite and
install. Tighten to specification.

Pressed in stud can be renpved using a stud puller. Reamthe
stud bore to proper specification and press in a new oversize stud.
Pressed in studs are often replaced by cutting threads in the stud
bore to accept a threaded stud.

Rocker Arns & Shafts

Mark rocker arnms for |ocation. Renpbve rocker armretaining
bolts. Renove rocker arns. |nspect rocker arms, shafts, bushings and
pi vot balls (if equipped) for excessive wear. |Inspect rocker arms
for wear in valve stemcontact area. Measure rocker arm bushing |I.D.
Repl ace bushings if excessively worn.

The rocker armval ve stem contact point can be reground,
usi ng special fixture for valve grinding nmachi ne. Renpve m ni num
amount of material as possible. Ensure all oil passages are clear.
Install rocker arms in original |ocations. Ensure rocker armis
properly seated in push rod. Tighten bolts to specification. Adjust
valves if required. See VALVE ADJUSTMENT in this article.

Pushr ods

Renove rocker arms. Mark push rods for |ocation. Renobve push
rods. Push rods can be steel or alum num solid or hollow Hollow
pushrods nust be internally cleaned to ensure oil passage to the
rocker arms is cleaned. Check the pushrod for damage, such as |oose
ends on steel tipped alum numtypes.

Check push rod for straightness. Roll push rod on a flat
surface. Using feeler gauge, check clearance at center. Replace push
rod if bent. The push rod can al so be supported at each end and
rotated. A dial indicator is used to detect bends in the push rod.

Lubricate ends of push rod and install push rod in original
| ocation. Ensure push rod is properly seated in lifter. Install rocker
arm Tighten bolts to specification. Adjust valves if required. See
VALVE ADJUSTMENT in this article.

LIFTERS

Hydraulic Lifters

Before replacing a hydraulic lifter for noisy operation,
ensure noi se i s not caused by worn rocker arnms or valve tips.
Hydraulic lifter assenblies nust be installed in original |ocations.
Renove the rocker arm assenbly and push rod. Mark conponents for
| ocation. Sonme applications require intake manifold, or lifter cover
renoval . Renove lifter retainer plate (if used). To renove lifters,
use a hydraulic lifter renover or magnet. Different type lifters are
used. See Fig. 13.
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Push Rod Cup Metenng Spring Body
Disc Bail Retainer
Plunger Spring
Ball

|

e DWUF

FLAT LIFTER

Lock Ring

Check Ball Check Ball Retainer
Valve Retainer

Lifter Ol Metering
Housing Valve

bl

Plunger

Spring Plunger

Check Ball Spring
Push Rod Seat

ROLLER LIFTER

Fig. 13: Typical Hydraulic Valve Lifter Assenblies - Typi ca
This G aphic For General Information Only

On sticking lifters, disassenble and clean lifter. DO NOT mi x
lifter conponents or positions. Parts are select-fitted and are not
i nterchangeabl e. Inspect all conponents for wear. Note anobunt of wear
in lifter body-to-canshaft contact area. Surface nust have snooth and
convex contact face. If wear is apparent, carefully inspect cam | obe.

I nspect push rod contact area and lifter body for scoring
or signs of wear. If body is scored, inspect lifter bore for damage
and |l ack of lubrication. On roller type lifters, inspect roller for
flaking, pitting, loss of needle bearings and roughness during
rotation.

Measure lifter body OD. in several areas. Measure lifter
bore I.D. of cylinder block. Some nodels offer oversized lifters.

Repl ace lifter if damaged.

If lifter check valve is not operating, obstructions may be
preventing it fromclosing or valve spring may be broken. Cean or
repl ace conponents as necessary.

Check plunger operation. Plunger should drop to bottom of the
body by its own wei ght when assenbled dry. If plunger is not free,
soak lifter in solvent to dissolve deposits.

Lifter | eak-down test can be performed on lifter. Lifter
must be filled with special test oil. New lifters contain special test
oil. Using lifter |eak-down tester, performleak-down test follow ng
manuf acturer's instructions. If |eak-down tine is not within
speci fications, replace lifter assenbly.

Lifters should be soaked in clean engine oil several hours
prior to installation. Coat lifter base, roller (if equipped) and
l[ifter body with anpl e anmount of Mol ykote or canshaft |ubricant. See
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Fig. 13. Install lifter in original location. Install remaining
conponents. Valve | ash adjustnent is not required on nost hydraulic
lifters. Preload of hydraulic lifter is automatic. Sone nodels may
requi re adj ustnent.

Mechani cal Lifters

Lifter assenblies nust be installed in original |ocations.
Renove rocker arm assenbly and push rod. Mark conponents for | ocation.
Sone applications require intake manifold or lifter cover renoval.
Rermove lifter retainer plate (if used). To renove lifters, use lifter
remover or magnet.

I nspect push rod contact area and lifter body for scoring or
signs of wear. If body is scored, inspect lifter bore for danmage and
l ack of lubrication. Note anmount of wear in |lifter body-to-canmshaft
contact area. Surface nust have snooth and convex contact face. If
wear is apparent, carefully inspect cam | obe.

Coat lifter base, roller (if equipped) and lifter body with
anpl e amount of Ml ykote or canshaft lubricant. Install lifter in
original location. Install remaining conmponents. Tighten bolts to
speci fication. Adjust valves. See VALVE ADJUSTMENT in this article.

PISTONS, CONNECTING RODS & BEARINGS
* PLEASE READ THIS FIRST *

NOTE: Always refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and
speci fications for the vehicle being repaired.

RIDGE REMOVAL

Ridge in cylinder wall nust be renoved prior to piston
renoval . Failure to renove ridge prior to renoving pistons will cause
pi ston damage in piston ring |ocations.

Wth the piston at bottom dead center, place a rag in the
bore to trap netal chips. Install ridge reanmer in cylinder bore.

Adj ust ridge reamer using manufacturer's instructions. Renove ridge
using ridge reamer. DO NOT renpbve an excessive anmount of material.
Ensure ridge is conpletely renoved.

PISTON & CONNECTING ROD REMOVAL

Note top of piston. Some pistons may contain a notch, arrow
or be marked "FRONT". Piston nmust be installed in proper direction to
prevent damage with val ve operation

Check that connecting rod and cap are nunbered for cylinder
| ocati on and which side of cylinder block the nunber faces. Proper cap
and connecting rod nust be installed together. Connecting rod cap nust
be installed on connecting rod in proper direction to ensure bearing
| ock procedure. Mark connecting rod and cap if necessary. Pistons nust
be installed in original |ocation.

Renove cap retaining nuts or bolts. Renpve bearing cap
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Install stud protectors on connecting rod bolts. This protects
cylinder walls fromscoring during renoval. Ensure proper renoval of
ri dge. Push piston and connecting rod fromcylinder. Connecting rod
boss can be tapped with a wooden dowel or hammer handle to aid in
renoval .

PISTON & CONNECTING ROD

Di sassenbl y

Usi ng ring expander, renove piston rings. Renpve piston pin
retaining rings (if equipped). On pressed type piston pins, special
fixtures and procedures according to manufacturer nust be used to
renove piston pins. Follow manufacturer's recomendations to avoid
pi ston distortion or breakage.

d eani ng

Renove all carbon and varni sh from piston. Pistons and
connecting rods may be cleaned in cold type chem cal tank. Using ring
groove cl eaner, clean all deposits fromring grooves. Ensure al
deposits are cleaned fromring grooves to prevent ring breakage or
sticking. DO NOT attenpt to clean pistons using wre brush.

I nspecti on

I nspect pistons for nicks, scoring, cracks or damage in ring
areas. Connecting rod should be checked for cracks using Magnaf!| ux
procedure. Piston dianeter nmust be neasured in manufacturers specified
ar ea.

Usi ng tel escopi c gauge and m croneter, neasure piston pin
bore of piston in 2 areas, 90 degrees apart. This is done to check
di ameter and out - of - round.

Install proper bearing cap on connecting rod. Ensure bearing
cap is installed in proper location. Tighten bolts or nuts to
speci fication. Using inside mcroneter, neasure inside dianeter in 2
areas, 90 degrees apart.

Connecting rod |.D. and out-of-round nust be within
speci fication. Measure piston pin bore I.D. and piston pin O D. Al
conponents nust be within specification. Subtract piston pin dianmeter
frompiston pin bore in piston and connecting rod to determ ne proper
fit.

Connecting rod | ength nust be nmeasured from center of
crankshaft journal inside dianeter to center of piston pin bushing
usi ng proper caliper. Connecting rods nust be the sane | ength.
Connecting rods shoul d be checked on an alignment fixture for bent or
twi sted condition. Replace all conponents which are damaged or not
within specification.

PISTON & CYLINDER BORE FIT

Ensure cylinder is checked for taper, out-of-round and
properly honed prior to checking piston and cylinder bore fit. See
CYLINDER BLOCK in this article. Using dial bore gauge, neasure
cylinder bore. Measure piston at right angle to piston pin in center
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of piston skirt area. Subtract piston diameter fromcylinder bore
di ameter. The difference is piston-to-cylinder clearance. C earance
must be within specification. Mark piston for proper cylinder

| ocati on.

ASSEMBLING PISTON & CONNECTING ROD
Install proper fitted piston on connecting rod for proper

cylinder. Ensure piston marking on top of piston marked is in
correspondence with connecting rod and cap nunber. See Fig. 14.

Ensure Piston Floats
During Instaliation Opetation “FRONT" Indicator

Of Piston

Fig. 14: Piston Pin Installation - Typical
This G aphic For General Information Only

Lubricate piston pin and install in connecting rod. Ensure
piston pin retainers are fully seated (if equipped). On pressed type
pi ston pins, follow manufacturer's recomended procedure to avoid
di stortion or breakage.

CHECKING PISTON RING CLEARANCES

Piston rings nmust be checked for side clearance and end gap.
To check end gap, install piston ring in cylinder which it is to be
installed. Using an inverted piston, push ring to bottom of cylinder
in smallest cylinder dianmeter.

Usi ng feel er gauge, check ring end gap. See Fig. 15. Piston
ring end gap nust be within specification. R ng breakage will occur
with insufficient ring end gap.

On sone manufacturers, insufficient ring end gap may be
corrected by using a fine file while other manufacturers reconmend
usi ng another ring set. Mark rings for proper cylinder installation
after checking end gap.
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Measure Ring Gap Clearance

With Ring Positioned At

Bottom Of Ring Travel
Fig. 15: Checking Piston Rng End Gap - Typi cal
This G aphic For General Information Only

For checking side clearance, install rings on piston. Using
f eel er gauge, neasure cl earance between piston ring and piston ring
 and. Check side clearance in several areas around piston. Side
cl earance nust be w thin specification.

If side clearance is excessive, piston ring grooves can be
machi ned to accept oversized piston rings (if available). Nornmal
practice is to replace piston.

PISTON & CONNECTING ROD INSTALLATION

Cylinders nmust be honed prior to piston installation. See
CYLI NDER HONI NG under CYLINDER BLOCK in this article.

Install upper connecting rod bearings. Lubricate upper
bearings with engine oil. Install |ower bearings in rod caps. Ensure
bearing tabs are properly seated. Position piston ring gaps accordi ng
to manuf acturers recomendati ons. See Fig. 16. Lubricate pistons,
rings and cylinder walls.
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Pl —
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Top Compression Ring

Second Compression Ring

Qil Ring
Assembly

Notch

Position Ring End Gaps
As Shown With Notch In

Pistan Towards Front (g >

Fig. 16: Typical Piston Ring End Gap Positioning - Typical
This Graphic For General Information Only

Install ring conpressor. Use care not to rotate piston rings.
Conmpress rings with ring conpressor. Install plastic tubing protectors
over connecting rod bolts. Install piston and connecting rod assenbly.
Ensure piston notch, arrow or "FRONT" mark is toward front of engine.
See Fig. 17.

Check That

Tubing Protectors o ’I'-:’Lsctg; ::r:girc‘:tator
' N\ Of Engine

Fig. 17: Installing Piston & Connecting Rod Assenbly - Typi cal
This Graphic For General Information Only

Carefully tap piston into cylinder until rod bearing is
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seated on crankshaft journal. Renove protectors. Install rod cap and
bearing. Lightly tighten connecting rod bolts. Repeat procedure for
remai ni ng cylinders. Check bearing clearance. See
MAI N & CONNECTI NG ROD BEARI NG CLEARANCE in this article.

Once cl earance is checked, |ubricate journals and bearings.
Install bearing caps. Ensure marks are aligned on connecting rod and
cap. Tighten rod nuts or bolts to specification. Ensure rod noves
freely on crankshaft. Check connecting rod side clearance. See
CONNECTI NG ROD SIDE CLEARANCE in this article.

CONNECTING ROD SIDE CLEARANCE

Position connecting rod toward one side of crankshaft as far
as possible. Using feel er gauge, neasure clearance between side of
connecting rod and crankshaft. See Fig. 18. C earance nust be within
speci ficati ons.

Feeler Gauge

Connecting Rod
Fig. 18: Measuring Connecting Rod Side O earance - Typical
This G aphic For General Information Only

Check for inproper bearing installation, wong bearing cap
or insufficient bearing clearance if side clearance is insufficient.
Connecting rod may require machining to obtain proper clearance.
Excessi ve cl earance usually indi cates excessive wear at crankshaft.
Crankshaft nust be repaired or repl aced.

MAIN & CONNECTING ROD BEARING CLEARANCE

Pl asti gage Met hod

Pl asti gage nmet hod may be used to determ ne bearing clearance.
Pl asti gage can be used with an engine in service or during reassenbly.
Pl asti gage material is oil soluble.

Ensure journals and bearings are free of oil or solvent.

Ol or solvent will dissolve material and false reading will be
obtained. Install small piece of Plastigage along full |ength of
bearing journal. Install bearing cap in original |ocation. Tighten

bolts to specification.

CAUTI ON: DO NOT rotate crankshaft while Plastigage is installed.
Bearing clearance will not be obtained if crankshaft is
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r ot at ed.

Renove bearing cap. Conpare Plastigage width with scale on
Pl astigage container to determ ne bearing clearance. See Fig. 19.
Rot at e crankshaft 90 degrees. Repeat procedure. this is done to check
journal eccentricity. This procedure can be used to check oil
cl earance on both connecting rod and mai n beari ngs.

4 . N i
Fig. 19: Measuring Bearing C earance - Typi cal
This G aphic For General Information Only

M croneter & Tel escopi c Gauge Met hod

A mcroneter is used to determ ne journal dianeter, taper and
out - of -round di mensi ons of the crankshaft. See CLEAN NG & | NSPECTI ON
under CRANKSHAFT & MAIN BEARINGS in this article.

Wth crankshaft renoved, install bearings and caps in
original location on cylinder block. Tighten bolts to specification.
On connecting rods, install bearings and caps on connecting rods.
Install proper connecting rod cap on correspondi ng rod. Ensure bearing
cap is installed in original location. Tighten bolts to specification.

Using a tel escopi c gauge and microneter or inside mcroneter
nmeasure inside dianmeter of connecting rod and nmai n bearings bores.
Subtract each crankshaft journal dianmeter fromthe correspondi ng
i nside bore dianeter. This is the bearing clearance.

CRANKSHAFT & MAIN BEARINGS
* PLEASE READ THIS FIRST *
NOTE: Al ways refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and
speci fications for the vehicle being repaired.

REMOVAL
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Ensure all main bearing caps are marked for |ocation on
cylinder block. Some mmin bearing caps have an arrow stanped on it
whi ch nust face front of engine. Renove mmin bearing cap bolts. Renove
mai n bearing caps. Carefully renove crankshaft. Use care not to bind
crankshaft in cylinder block during renoval.

CLEANING & INSPECTION

Thoroughly cl ean crankshaft using solvent. Dry with
conpressed air. Ensure all oil passages are clear and free of sludge,
rust, dirt, and netal chips.

I nspect crankshaft for scoring and nicks. |nspect crankshaft
for cracks using Magnafl ux procedure. |Inspect rear seal area for
groovi ng or damage. Inspect bolt hole threads for damage. If pilot
bearing or bushing is used, check pilot bearing or bushing fit in
crankshaft. Inspect crankshaft gear for danmaged or cracked teeth.
Repl ace gear if damaged. Check that oil passage plugs are tight (if
equi pped) .

Using mcroneter, neasure all journals in 4 areas to
determ ne journal taper, out-of-round and undersize. See Fig. 20.
Sone crankshafts can be reground to the next |argest undersi ze,
dependi ng on the anmount of wear or damage. Crankshafts with rolled
fillet cannot be reground and nust be replaced.

A - B = Vertical Taper
C - D = Horizontai Taper
A - C&B - U = Qut-Of-Round

Check For Qut-Of-Roundg At Each End Of Journai

Fig. 20: Measuring Crankshaft Journal - Typical
This G aphic For General Information Only

Crankshaft journal runout should be checked. Install
crankshaft in "V' bl ocks or bench center. Position dial indicator
with tip resting on the main bearing journal area. See Fig. 21.
Rot at e crankshaft and note readi ng. Journal runout nmust not exceed
speci fication. Repeat procedure on all main bearing journals.
Crankshaft nust be replaced if runout exceeds specification.
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_ Dl Indicator ~ Bench Center _
Fig. 21: Measuring Crankshaft Main Bearing Journal Runout - Typical
This G aphic For General Information Only

INSTALLATION

Install upper main bearing in cylinder block. Ensure | ock
tab is properly located in cylinder block. Install bearings in main
bearing caps. Ensure all oil passages are aligned. Install rear sea
(if renoved).

Ensure crankshaft journals are clean. Lubricate upper main
bearings with clean engine oil. Carefully install crankshaft. Check
each main bearing cl earance using Pl astigage net hod. See
MAI N & CONNECTI NG ROD BEARI NG CLEARANCE in this article.

Once clearance is checked, lubricate | ower main bearing and
journals. Install main bearing caps in original |ocation. Install rear
seal in rear main bearing cap (if renoved). Some rear nmain bearing
caps require sealant to be applied in corners to prevent oil | eakage.

Install and tighten all bolts except thrust bearing cap to
speci fication. Tighten thrust bearing cap bolts finger tight only.
Thrust bearing nmust be aligned. On nost applications, crankshaft
nmust be noved rearward then forward. Procedure may vary with
manuf acturer. Thrust bearing cap is then tighten to specification.
Ensure crankshaft rotates freely. Crankshaft end play should be
checked. See CRANKSHAFT END PLAY in this article.

CRANKSHAFT END PLAY

Di al |ndicator Method

Crankshaft end play can be checked using dial indicator.
Mount dial indicator on rear of cylinder block. Position dial
indicator tip against rear of crankshaft. Ensure tip is resting
agai nst flat surface.

Pry crankshaft rearward. Adjust dial indicator to zero.
Pry crankshaft forward and note reading. Crankshaft end play nust be
within specification. If end play is not within specification, check
for faulty thrust bearing installation or worn crankshaft. Sone
applications offer oversized thrust bearings.

Feel er Gauge Met hod

Crankshaft end play can be checked using feel er gauge. Pry
crankshaft rearward. Pry crankshaft forward. Using feeler gauge,
nmeasure cl earance between crankshaft and thrust bearing surface. See
Fig. 22.
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;f\
No 4J0ty

Fig. 22: Checking Crankshaft End Play - Typica
This G aphic For General Information Only

Crankshaft end play nust be within specification. If end
play is not within specification, check for faulty thrust bearing
installation or worn crankshaft. Sone applications offer oversized
t hrust beari ngs.

CYLINDER BLOCK
* PLEASE READ THIS FIRST *

NOTE: Always refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and
speci fications for the vehicle being repaired.

BLOCK CLEANING

Only cast cylinder blocks should be hot tank cl eaned.
Al um num cyl i nder bl ocks shoul d be cl eaned using cold tank nethod.
Cylinder block is cleaned in order to renove carbon deposits, gasket
resi due and water jacket scale. Renove oil galley plugs, freeze plugs
and cam bearings prior to block cleaning.

BLOCK INSPECTION

Visually inspect the block. Check suspected areas for cracks
usi ng the Dye Penetrant inspection nethod. Block may be checked for
cracks using the Magnafl ux mnet hod.

Cracks are nost commonly found at the bottom of the
cylinders, the main bearing saddl es, near expansion plugs and between
the cylinders and water jackets. Inspect lifter bores for damage.

I nspect all head bolt holes for damaged threads. Threads should be
cl eaned using tap to ensure proper head bolt torque. Consult machine
shop concerni ng possi bl e wel ding and machining (if required).
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CYLINDER BORE INSPECTION

I nspect the bore for scuffing or roughness. Cylinder bore
i s dinensionally checked for out-of-round and taper using dial bore
gauge. For determ ning out-of-round, neasure cylinder parallel and
per pendi cul ar to the block centerline. Difference in the 2 readi ngs
is the bore out-of-round. Cylinder bore nust be checked at top, mddle
and bottom of piston travel area.

Bore taper is obtained by nmeasuring bore at the top and
bottom I|f wear has exceeded allowable limts, block nust be honed
or bored to next avail abl e oversize piston dinmension.

CYLINDER HONING

Cylinder must be properly honed to allow new piston rings to
properly seat. Cross-hatching at correct angle and depth is critical
to lubrication of cylinder walls and pistons.

A flexible drive hone and power drill are comonly used.
Drive hone nust be lubricated during operation. Mx equal parts of
ker osene and SAE 20w engine oil for lubrication.

Apply lubrication to cylinder wall. Operate cylinder hone
fromtop to bottom of cylinder using even strokes to produce 45 degree
cross-hatch pattern on the cylinder wall. DO NOT allow cylinder hone

to extend bel ow cylinder during operation.

Recheck bore dinension after final honing. Wash cyli nder
wall with hot soapy water to renove abrasive particles. Blow dry with
conpressed air. Coat cleaned cylinder walls with lubricating oil.

DECK WARPAGE

Check deck for damage or warped head sealing surface. Place
a strai ghtedge across gasket surface of the deck. Using feel er gauge,
neasure clearance at center of straightedge. Measure across w dth and
l ength of cylinder block at several points.

I f war page exceeds specifications, deck nust be resurfaced.
I f warpage exceeds manufacturer's maxi numtol erance for materi al
renoval , replace bl ock.

DECK HEIGHT

Di stance fromthe crankshaft centerline to the bl ock
deck is terned the deck height. Measure and record front and rear main
journal s of crankshaft. To conpute this distance, install crankshaft
and retain with center main bearing and cap only. Measure distance
fromthe crankshaft journal to the bl ock deck, parallel to the
cylinder centerline.

Add one half of the main bearing journal dianeter to distance
from crankshaft journal to block deck. This dinension should be
checked at front and rear of cylinder block. Both readings should be
t he sane.

If difference exceeds specifications, cylinder block nust be
repai red or replaced. Deck height and warpage shoul d be corrected at
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the sane tine.

MAIN BEARING BORE & ALIGNMENT

For checking main bearing bore, renove all bearings from
cylinder block and main bearing caps. Install main bearing caps in
original location. Tighten bolts to specification. Using inside
m croneter, neasure main bearing bore in 2 areas 90 degrees apart.
Determ ne bore size and out-of-round. If dianeter is not within
speci fication, block nust be align-bored.

For checking alignnent, place a straightedge along centerline
of mmin bearing saddl es. Check for clearance between straightedge and
mai n bearing saddl es. Block nust be align-bored if clearance is
present.

EXPANSION PLUG REMOVAL & INSTALLATION

Renoval
Drill a hole in the center of expansion plug. Renove with
screwdri ver or punch. Use care not to damage sealing surface.

Install ation

Ensure sealing surface is free of burrs. Coat expansion plug
with sealer. Use a wooden dowel or pipe of slightly smaller dianeter,
install expansion plug. Ensure expansion plug is evenly | ocated.

OIL GALLERY PLUG REMOVAL & INSTALLATION

Renoval
Renove threaded oil gallery plugs using the appropriate
wrench. Soft, press-in plugs are renoved by drilling into plug and

installing a sheet netal screw. Renpve plug with slide hamer or
pliers.

Install ation

Ensure threads or sealing surface is clean. Coat threaded oi
gallery plugs with sealer and install. Replacenent soft press-in plugs
are driven in place with a hammer and drift.

CAMSHAFT
* PLEASE READ THIS FIRST *
NOTE: Al ways refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and
speci fications for the vehicle being repaired.
CLEANING & INSPECTION
Cl ean canshaft with solvent. Ensure all oil passages are

clear. Inspect cam | obes and bearing journals for pitting, flaking or
scoring. Using mcrometer, neasure bearing journal O D.
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Support canshaft at each end with "V' bl ocks. Position dial
indicator with tip resting on center bearing journal. Rotate canshaft
and note reading. |If reading exceeds specification, replace canshaft.

Check camlobe lift by neasuring base circle of canmshaft
using mcroneter. Measure again at 90 degrees to tip of cam | obe. Cam
lift can be determ ned by subtracting base circle dianmeter fromtip of
cam | obe neasurenent.

Different Iift dinmensions are given for intake and exhaust
cam | obes. Readi ng nust be within specifications. Replace canshaft if
cam | obes or bearing journals are not within specifications.

I nspect canmshaft gear for chipped, eroded or damaged teeth.
Repl ace gear if damaged. On canshafts using thrust plate, neasure
di stance between thrust plate and canshaft shoul der. Repl ace thrust
plate if not within specification.

CAMSHAFT BEARINGS

Renoval & Installation

Renove the canshaft rear plug. The canshaft bearing renover
is assenbled with its shoul der resting on the bearing to be renoved
according to manufacturer's instructions. Tighten puller nut unti
bearing is renoved. Renove renai ning bearings, |eaving front and rear
bearings until last. These bearings act as guide for canmshaft bearing
remover.

To install new bearings, puller is rearranged to pul
bearings toward the center of block. Ensure all |ubrication passages
of bearing are aligned with cylinder block. Coat new canshaft rear
plug with sealant. Install canshaft rear plug. Ensure plug is even
in cylinder Dbl ock.

CAMSHAFT INSTALLATION

Lubricate bearing surfaces and cam | obes with anpl e anount of
Mol ykote or canshaft lubricant. Carefully install canshaft. Use care
not to damage bearing journals during installation. Install thrust
plate retaining bolts (if equipped). Tighten bolts to specification.
On overhead canshafts, install bearing caps in original |ocation.
Ti ghten bolts to specification. Check end play.

CAMSHAFT END PLAY

Using dial indicator, check end play. Position dial indicator
on front of engine block. Position indicator tip against canmshaft.
Push canmshaft toward rear of engine and adjust indicator to zero.

Move canmshaft forward and note readi ng. Canshaft end play
must be within specification. End play may be adjusted by rel ocating
gear, shimming thrust plate or replacing thrust plate dependi ng on
manuf act ur er.

TIMING CHAINS & BELTS

* PLEASE READ THIS FIRST *
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NOTE: Al ways refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and
specifications for the vehicle being repaired.

TIMING CHAINS

Timng chains will stretch during operation. Limts are
pl aced upon anpbunt of stretch before replacenent is required. Timng
chain stretch will alter ignition timng and val ve tim ng.

To check timng chain stretch, rotate crankshaft to elimnate
slack fromone side of timng chain. Mark reference point on cylinder
bl ock. Rotate crankshaft in opposite direction to elimnate slack from
remai ning side of timng chain. Force other side of chain outward
and nmeasure di stance between reference point and timng chain. See
Fig. 23. Replace timng chain and gears if not within specification.

Reference Point

Fig. 23: Measuring Timng Chain Stretch - Typi cal
This Graphic For General Information Only

Ti m ng chains nust be installed so that tim ng marks on
canshaft gear and crankshaft gear are aligned according to
manuf acturer. See Fig. 24.
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Timing Marks

Fig. 24: Timng Gear Mark Alignnment - Typi cal
This Graphic For CGeneral Information Only

TIMING BELTS

Cogged tooth belts are conmonly used on overhead cam
engi nes. |Inspect belt teeth for rounded corners or cracking. Replace
belt if cracked, damaged, missing teeth or oil soaked.

Used timng belt nust be installed in original direction of
rotation. Inspect all sprocket teeth for wear. Replace all worn
sprockets. Sprockets are marked for timng purposes. Engine is
positioned so that crankshaft sprocket mark will be upward. Canshaft
sprocket is aligned with reference mark on cylinder head and tim ng
belt is installed. See Fig. 25.
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Fig. 25: Timng Belt Sprocket Alignnent - Typical
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TENSION ADJUSTMENTS

If guide rails are used with spring | oaded tensioners,
ensure at least half of original rail thickness remins. Spring
| oaded tensioner should be inspected for danmage.

Ensure all timng marks are aligned. Adjust belt tension
usi ng manufacturer's recomendati ons. Belt tension may require
checki ng using tension gauge. See Fig. 26.

Tension Gauge
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Adjuster
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Fig. 26: Timng Belt Tension Adjustnment - Typical
This Graphic For CGeneral Information Only

TIMING GEARS
* PLEASE READ THIS FIRST *

NOTE: Al ways refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and
specifications for the vehicle being repaired.

TIMING GEAR BACKLASH & RUNOUT

On engi nes where canshaft gear operates directly on
crankshaft gear, gear backlash and runout nust be checked. To check
backl ash, install dial indicator with tip resting on tooth of canshaft
gear. Rotate canshaft gear as far as possible. Adjust indicator to
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zero. Rotate canshaft gear in opposite direction as far as possible
and note reading.

To determ ne timng gear runout, mount dial indicator with
tip resting on face edge of canshaft gear. Adjust indicator to zero.
Rot at e canshaft gear 360 degrees and note reading. |If backlash or
runout exceed specifications, replace canshaft and/or crankshaft
gear .

REAR MAIN OIL SEAL
* PLEASE READ THIS FIRST *

NOTE: Al ways refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and
speci fications for the vehicle being repaired.

INSTALLATION

One- Pi ece Type Seal

For one-piece type oil seal installation, coat block contact
surface of seal with sealer if seal is not factory coated. Ensure seal
surface is free of burrs. Lubricate seal lip with engine oil and press
seal into place using proper oil seal installer. See Fig. 27.
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Fig. 27: Installing Typical One-Piece G| Seal
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Rope Type Seal

For rope type rear main oil seal installation, press seal
lightly into its seat. Using seal installer, fully seat seal in
beari ng cap or cylinder Dbl ock.

Trimseal ends even with bl ock parting surface. Sone
applications require sealer to be applied on main bearing cap prior
to installation. See Fig. 28.
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Fig. 28: Typical Rope Seal Installation
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Split-Rubber Type Seal

Fol | ow manuf acturers procedures when installing split-rubber
type rear main oil seals. Installation procedures vary with engi ne
type. See appropriate ENG NE article in this section. See Fig. 29.
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Fig. 29: Typical Split-Rubber Seal Installation
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OIL PUMP
* PLEASE READ THIS FIRST *

NOTE: Al ways refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and
specifications for the vehicle being repaired.

ROTOR-TYPE

Ol punp rotors nust be marked for |ocation prior to renoval.
See Fig. 30. Renpbve outer rotor and neasure thickness and dianeter.
Measure inner rotor thickness. Inspect shaft for scoring or wear.
I nspect rotors for pitting or damage. |nspect cover for grooving or
wear. Replace conponents if worn or damaged.
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Fig. 30: Typical Rotor Type G| Punp
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Measure outer rotor-to-body clearance. Replace punp assenbly
i f clearance exceeds specification. Measure cl earance between rotors.
See Fig. 31. Replace shaft and both rotors if clearance exceeds
speci fications.
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Fig. 31: Measuring Rotor C earance - Typical
This Graphic For General Information Only

Install rotors in punp body. Position straightedge across
punp body. Using feel er gauge, neasure cl earance between rotors and
strai ghtedge. Punp cover wear is neasured using a straightedge and
feel er gauge. Replace punp if clearance exceeds specification.

GEAR TYPE

Ol punp gears nmust be marked for |ocation prior to renoval.
See Fig. 32. Renove gears from punp body. |Inspect gears for pitting
or damage. |nspect cover for grooving or wear.
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Fig. 32: Typical Gear Type Ol Punp
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Measure gear diameter and |ength. Measure gear housing cavity
depth and dianeter. See Fig. 33. Replace conponents if worn or
damaged.

Punp cover wear is nmeasured using a straightedge and feeler
gauge. Punmp is to be replaced if warpage or wear exceeds
speci fications or mating surface of punp cover is scratched or
gr ooved.

Diameter

Fig. 33: Measuring Ol Punp CGear Cavity - Typi cal
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BREAK-IN-PROCEDURE
* PLEASE READ THIS FIRST *

NOTE: Always refer to appropriate engine overhaul article in the
ENG NES section for conpl ete overhaul procedures and
speci fications for the vehicle being repaired.

ENGINE PRE-OILING

Engi ne pre-oiling should be done prior to operation to
prevent engi ne damage. A lightly oiled punp will cavitate unl ess oi
punp cavities are filled with engine oil or petroleumjelly.

Engi ne pre-oiling can be done using pressure oiler (if
avail abl e). Connect pressure oiler to cylinder block oil passage
such as oil pressure sending unit. Operate pressure oiler |ong enough
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to ensure correct anount of oil has filled crankcase. Check oil |evel
whil e pre-oiling.

If pressure oiler is not avail able, disconnect ignition
system Renove oil pressure sending unit and replace with oil pressure
test gauge. Using starter notor, rotate engine starter until gauge
shows normal oil pressure for several seconds. DO NOT crank engi ne
for nore than 30 seconds to avoid starter notor danage.

Ensure oil pressure has reached the nost distant point from
the oil punp. Reinstall oil pressure sending unit. Reconnect ignition
system

INITIAL START-UP

Start the engi ne and operate engine at | ow speed while

checking for cool ant, fuel and oil |eaks. Stop engi ne. Recheck cool ant
and oil level. Adjust if necessary.
CAMSHAFT

Break-in procedure is required when a new or reground
canshaft has been installed. Operate and mai ntai n engi ne speed between
1500- 2500 RPM for approximately 30 minutes. Procedure may vary due to
manuf act urers reconmendati ons.

PISTON RINGS

Piston rings require a break-in procedure to ensure seating
of rings to cylinder walls. Serious damage may occur to rings if
correct procedures are not followed.

Extrenely high piston ring tenperatures are produced obtai ned
during break-in process. If rings are exposed to excessively high RPM
or high cylinder pressures, ring damage can occur. Follow piston ring
manuf acturer's recommended break-in procedure.

FINAL ADJUSTMENTS

Check or adjust ignition timng and dwell (if applicable).
Adj ust valves (if necessary). Adjust carburetion or injection idle
speed and m xture. Retighten cylinder heads (if required). If
cylinder head or block is alum num retighten bolts when engine is
cold. Follow the engine manufacturer's reconmended break-in procedure
and mai nt enance schedul e for new engi nes.

NOTE: Sone manufacturer's require that head bolts be retightened

after specified anount of operation. This nust be done to
prevent head gasket failure.

END OF ARTICLE



