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fien | was (he automotive editonial director s HPBooks,
I was constantly getling reguests (rom Irustrated
autamotive enthusisls who needed inlormation o
rebuilding or modifying engines other than the maore
popular Chevy, Ford and Mol Y8s. We didn’t have any. I
waisn'l ecopormicud for us or any publisher 1o go 1o the eapense
of publishing in-depth books on low-volume engines. That's
why [ decided to do this book, one thit covers biics tal apply
1 any enging, Clearsnces for madn and mod bearings are
hasically the same; there ang only s many wis o valve cin be
opened and closed, std air flows through a kess-popular engine
st a8 |8 would through one of these that's as numesos o anis
Yo can find mos of the infanmation you seed for your engine
ere. | do recommmend, though, vou find o factory manual
Puctory manuals have the necessary specilications and
ilustrations that paoint out mechancal details of specilic
engings, On the other hamd, they are notoriously short on
infisrmation about rebailding tochesgquis, desaerplions and ool
As an exmmple, the lerm “reverss the dinsembly sequence
15 used for most reassembly procedures. And the implication
that you must have special tools o wark on your engine is lar

Frown the inady, il such staiements can be discouraging. Be
masired, with the informstion in this hook, good mechanical
akills und o roasonabsly well-eguaippesd sollson, vis duvild have
the information necessary 10 do the work on your pushrod
engine whether you will be doing o stunciard rebailed o
performunce mockfication

Rebuilding or modifying an engineg seems Hke an ominous
tisk 0T you've never done 11, And ominoas I8 ks, panticuluely
when you conslder the munber of compeonents 1o engine asd
the dectsions you must make during the conrse of e project
However, thay dilfiealty con be reduced dramatically n divect
propation G the iformsteon you have. The moee srformation
wvou Have. the casier the job, The less vou have, the more
difficult 1§ bs—to the poimt of being impossible. So gather up s
much oer informalion aboul your engine s possitde, Talk W
ofhers wiv huve experience with the same engine. And always
work safely and use the right ool for ihe specific job, Take
nathing for granted—check everyihing—and be ulen
Something as simple as o head gosket maalled upside down can
spell the difference botween a saccessful engine-building pob
ansd an expensive disaster. Good luck. B




ecause voure reading this

chapter, chances are youor

engine is not Iying around in

preces, but ix still i the engine

compartment and will ran
more of less, You may wonder of it
really necds rebudding. If thas o your
situation, read this chagier before vou
make the final decision. You may
save a kot of time, troutle and oawney
il your find a tunc-ap will cure yous
engine’s ills. On the other hand, skip
has chapier of you intend o upgrade
your powerplant 1o improve its
durshility or power. Or maybe youre
starting with an assorimenl of
muscellancous parts yowl've gathered
over time; a bare block from here, a
crank from there, special heads,
forged pustons or whatever. If your
situation falls under one of the later
scenanos, proceed directly to Chapter
2 Onherwise, read on

DO YOU NEED TO
REBUILD?

First off, don’t think your engine
peeds 1o be pebunh st becanse it has
sccumulated o bot of males, laps or
s down the stip. Althoogh these
wre factors in the rebwibd-or-not-1o-
rebuild decision-making process, they
aren’t the determaning oncs. How an
engine was maintamed el operated
are more wmportant. 've seen well-

& 400 Chavy lor aale ot Sea market. This s 8 Ty bewars” Wit
hnawiedge of e Apedihe erghne aead & kol @1 e Deters el AR Agec e TR e
o relasieieg vech an eeEre o ST 1o e unieg s Buik e (eladest bam aill Py osae
ot pregeet mast Eial

madntaned cngines go theee rovds of
the adometer before a majpr rebuild
was povessary. Then agan, 've seen
engmes that didn't make it o 25,000
milcs because of poos mamtcnance of
abuse before they were m dire noed of
a rebusld. Engines that rarely get an
oil of filler change don't last long
Heavy-duty operation can als take is
1oll. For imstance. an engine that is
wed for towing or regular runs st the

Vinar luwwi dhorlk L]

local drag strip will need attention
sopiner than vour average, well
matnkaned grocery goiler

With all that sand, performance
should be the pnmary consderation
when decwding whether or not you
shoukd rebuikd your engine. [t maust be
cudisining cxcessave amounts of okl
ol pressure s Jow, fucl comsumption
heas imcreased o i0s noticeably down
on power. Il ol consumption is the



problem, Ihe cause may be a
malfunctioning PCY (positive
crankcane ventilation) system. This
can result in pressunization of the
crankcase, pushing oil out of the
breather cap and seals. Low oil
PrEssUNG Can mean a wom oil pump or
excesaive beaning clearanoes. I power
or mileage is the problem, a thomagh
“tunc-up” may solve the problem
Carburetor and ignifion servicing may
be all thal's needed. Butl with an
clectronically controlled engine, you
may have to deal with “trouble
codes.” This being the case, consult
an expert il yon don’t have the
equipment o information o do the
necessary troubleshooting. But if
you've eliminated engine controls as
the problem or vou simply want to
determine your engine’s condition,
lets look at some umple lests you can
make

(hl comsumption and oil pressure
are two of the best ways (o judge
engine condition, High ail
L,'ill'l’alll'l'lplﬂll'l (5] JH-\L onl Fl'fl'“lfi!
indicates increased clearances—
wear—at the bores, valves or
bearings.

0il Consumption

An engine must use some oil for
lubricaton. Otherwise, the pistons,
piston rings and valves wouldn't
receive sufficient lubrication. The
question then s, how much odl abould
an engine use? This depends on how
the engine is operated, Hs
compressm and its displacerment. An
engine that's under constant heavy
load such as a boal engine will
naturally use a liftle more oil. The
same applics for one that's constantly
at higher rpm and if it has higher
compression of i wrbocharped. Siee
musl be considered, oo, A T-liter

2

A
Taartemen meesked bEttom el comparmsty of Featy il engine wers won wey bepond
Dreity Fuar cheaning ol afer cylnbers wem homed teslted B sleaaies A1 being @ eColited
hetmagh hatwir athan Syitem Mobed biod ked o ek e

(427 cubic imch) hig-block VE will
use more oil than a 2.8-liter (171
cubic inch) V6. A quart for every
NN mmabes on the VE or 600 miles for
the V6 is oo much.

Check for Leakage—Belore you
label your engine an oil bumer, check
whether the oil is leaking from a
gaket or seal. For example, o faulty
rocker-cover gasket of rear-muin seal
could be the culprit. (hl spots on the
driveway can mean a lot of oil ia
being lost on the road. Check this by
looking under the car immediately
afier parking it If you lind dripping
ol and the undersade of the car is wel
with oil, you may have found the
problem. Suspect pooe engine seaking.
To pevo i on the problem. steam off
the undenside of the car and engine or
e carburctor and chole cleancr, ke
it for n short drive and ook again. Get
the car up high s0 you can et a good
look from the wnderside. Don"t
overlook checking the positive
crankcase ventilation { PCY) system.
High pressure in the crankcase can
cause an otherwise good seal 1o leak.

I you Find & leak, fix it However, if
your engine isn’t leaking oil, ler's

comider other possibilities.

Piston Rings— nhess your engine
is a heavy-duty trock model, it will
have three ringi: Iwo compression
rings and one oil ring. The top two
rings share the job of scaling the
coumibrtion ¢hamber and some minoe
ol control; the botiom ring handles oil
control exclusively, The il ring
scrapes off most of the ofl spruyed or
splashed onto the cylmder wall, Some
oil is left 1o lubricate and seal the
bore.

Although the rings may not be
faulty, excess oil can get past the
pistons and inlo the combustion
chamber when more oil than intended
is thrown onto the cylinder walls. This
is caused by excessive bearing-to-
journal clearances al the connecting
rods, The looser bearing clearances
allow more oil 10 pass between the
in an oil-pressure drop il the
additional oil flow exceeds your
engine's oil-pump capacity. This
condition can be detecied by
perfommng an oil-pressure check.

Jurt @ excess oil can pet up past ihe
rings and inte the combustion

chamber, excess combustion gases
can blow down past the compression
rings into the crankcase. This is
refiemed 1o as MWiwby

Pre- 1964 engines were equipped
with road-draft wbes. Later engines
were equipped with positive
ernkcase ventilation (PCV) systerns
te pull crankcase vapors into the
imake manifold. These vapors were
then drawn into the combustion
chambers and bumed.

If blowby is 100 great, the PCV
wystemn will be overaned. The result
will be blue smoke out the exhoust
pipe or breather cap, if an open PCV
system is used, Here, the breather s
not connected o the air cleaner—a
chosed POV system has the breather
connected. With the closed PCV
syslem, excess vapors enler the air
cleaner, resulting in an oily filter
element. Even worse, crankcase
pressures build up 1o the pomt that

" wapors and ofl are forced out front and

reaf main bearing scals and gaskets
that would otherwise seal the
crankcase

I the engine smokes, there will be
carbon and oil deposits in the
combustion chambers. The valves,
spark plugs, piston tops and piston
ring lands will also be coated. The
inside of the intake manifold and
exhaust system will have oily
deposits, 100,

Before condemning the rings, check
the PCV system, particularly the
valve. Il vou shake it, the valve
should rattle. Also, remove the
breaker and place your hand over its
opening with the engine mnning. You
should feel a distinct suction. 1 that's
OK, check for sestrictions in the PCV
lines. Any restrictions in the system
will cause high crankcase pressures.

Valves Guides & Seals—Valve
guides have a specified clearance 1w
the valves o allow some oil 1o pass
for lubrication. Allowable clearanoe is

Brphee sranh wid coused by looss Btteng
rnman ot of Bdoch Sfies Cranahaft Geoks

usually less than 0001 inch. As the
clearance grows, excess oil goes
down the guides. What happens nexl
depends on whether the valve is an
intake or an exhaust. Al the intake,
this oil ends up in the combustion
chamber. As for the exhaust valves,
the oil goes direcily into the exhmmst
ot

il loss down the valve guides is
abso aggrvvated by blowby. Crankcase
pressure forces more oil down the
guides. Pul these Iwo conditions
together and your engine has
problems. Excess blowby and wom
valve guides indicate an engine
should be rebuih.

Valve stem seals can be worn,
crcked or mussing. Any onc of these
conditions allows excess ol to pass
down the valve guides regardless of
valve stem-lo-guide clearance
Replacing the valve stem scals can
reduce oil consamption 10 an
acceptable level if the rest of the
engine is in good shape. Valve stem
seals can be replaced without
removing the cylinder beads,

Cracked Ol Passage—This is a
condition where pressurized oil is
forced through a coack between an oil

gallery and the water jacket. Ohl is
then mined with engine coolant. Once
the engine is shul off, oil pressure
drops 10 zemo, but coolant lemperature
and pressure not only remains. it
incremses, This may result in coolant
leuking through the crack o the oil
s

If this condition exists, there will be
an “oil slick” in the engine coolant
and powsibly 8 “mulk dhake™ n the ol
pan, Check hoth liquads.

Blown Intake Maonifold Gashel—
Unlike a cracked ol passage, there is
litthe il any oil leakage of this
condition occurs. However, it bears
mention hecase of s senous natune

Thix condition is common with
some engines, particularly V-types
wiing aluminum intake manifolds
When an cngine overheals, the
aluminum intake manifold grows
considerably more than the cast-ion
cylinder heads, resulting in a shearing
action between the manifold and
heads. Such relative movemend fear
the manifold gaskets and ruins their
sealing abaliy.

The lubrication system is not
presaurized in this arca, so no ol will
be lost. However, a serious coolant



Parformance funisg be aet done with snglne snder bond, Classls dyno sllows this o be dons
I shep whaeo il oaginn lunciions aan bo montored. Exhosst probe ploks up spimpies i am
ruAmi to gne anslyrer,

leak inte the lubrcation system will
occur i the water passages between
the mumifokd i hewds Such a leak
will couse o rapid rise in the "oil”
level in the ol pan. The "milk shake”
will pet very serouy very Tasl ax will
b inchicared om the dipstick

LOSS OF PERFORMANCE

If fuel aconomy has dropped
severely or power i down, there are a
few checks to make. Numerous
problems can cause poor performance
thet dom't reguire & rebuild 1o correct
them

First, make sure the engine is in
tunet, Too much or (oo linle fuel, or
Faulty ignition operation can hurt
performance in a big way. Also,
excessive drag from the brakes or
drivetrain reduces power to the drive
wheels, which also resulis in o huge
drop in Tuel milesge

A good way 1o check power s o
take your vehicle 10 o shop with a
chassis  dynamometer. Such a
dynamometer can check power ot the
wheels—rond  horsepower, The
DPErRor can moniion the vartous

4

enging components, such as the fuel
svsdean and ignition system while the
o i "going down the rogd.” You'll
ilsey e wble G compare power output
betore and after changes are made,
which leaves out the guesswork

Have the engine wmed and checkied
on 4 dyno only il you suspect the
engine i i good condition, or you
have the money and want 1o sce how
much power the engine has after a
rebuild, I the engine hasn't had o
tune-up recently, its performance
should imgrove From having one,

Let's take a look of other causes of
performance loss before we get into
engine problem diagnosis

Hon-Engine-Related
Problems

Before Blaming the engine, be sun
the rest of the drivetruin is in good
condition. Make sure the clutch s pot
slipping if your engine is backed up
by o monual transmission. Be sure an
awtomatic  transmission  shifts
correctly and the torgue converler
statisr % not freewheeling. To check

hint the: brakes are nol dragging, find o
place where you can coast your

vehicle down a hill in neotral,
Compore this 1o how far o known
good cor or Jruck of the same muke,
midbel wnd welght will coast.

Incorrect Fuel Delivery—A
restrictend fuel line or filter, Gty fiel
pump, dirty fuel injector nozzles,
electronic sensors or bad carburetor
adjustments  will couse poor
performance, Check for any computer
troulbile cisdes, that the carburetor is
clean and Moat level bs sel comectly,
Make sure the throttle plates are
opening and cloxing all the way,
Check the intuke system for alr leaks,
These will tean oul the airffoel
ik xture and bt engine perfommunce.

A shopy thaat has & Tour-gis anilyeer
and kndows how fo use i can pinpodn
sush probloms very quickly. Such on
IIIIIJI'_l'I'.L'l oo "!l.:f'iﬂl'l. l.'nl'blll'l.
munoxide, carbon dioxide and
hydrocarbons i the tailpipe,

Foulty  Tgnition—Check  (he
ignition system, Make sure the engine
i petting o good spark ol the comect
time, The wrong spark plugs, faulty
wires or coil, cracked or wom
distribsetor cap e rotor o incorrect
Himing can cause o huge loss in
performance,

Having your engine checked on a
scope where you can “see” (he spark
arwd & four-gos analyzer thar will sell
you what's coming out the exhaust
pipe will grestly sioplify tis sk, 17
your engine has vacuum and/or
mechinnl advance distribator—il it
even has o distributor—have the
sidvance mechinism checked, The
technicion should be able 1o do this
for you, IF nod, remiove the distribuor
aned tuke 10 o ignition specially
shop.

lmhrlhl-hd
s
I yius harve mincke 1t this fer wnd still

hawven't Tound o problem, check: for the
following: blown head gasket,

Mustiarm woopes mot only allew ignition system
to he manitered, they san aven aheck

mlative comprassion af cylinders, This tool s
valuable aven for troublshooting computer
cdnirolled anglines,

restricied exhaust, wom tming chain
and sprockets, worm caomshall and
liflers, bumed valves and carbon
deposits.

Blown Heasd Gaskel—{Mten there
will be an immediale loss in power
and an increase in engine noise with a
Blown hewd gusket. I the leak oceurs
10 the outside of the engine you'll
hewr it. The noise will sound like »
ripid off and on release of high
pressure air The rte increases with
engine rpm,

Some head gasket leaks will enter
the waler jockel, showing up ns
multcolored ofl spots in the coolant,
Such o leak will also over-pressurize
the cooling system, causing o rapid
lews of conlam and overhesting. This
pablem bs pelitively easy 1o diagnose,
When the engine hus cooled, remove
the radiator cap, then star the engine,
A budly blown hend gasket that is
leaking cylinder pressures into the
water jacket will force a spout of
coolumt from the radiator. Another
sign Includes large white deposits o

the spark plugs. There may also be
white “smoke"—s#icam=—1{rom the
exhaust as the engine draws coalant
into the combustion chamber,

A leak it an adjpcent cylinder is
harder 1o detect, The cylinders
affecied should show up during o
compression of leak-diwn test, A
compression test should be done
when the engine is warm bicanse
wome head gaskets leak only when the
engine is wanm of hot, Both lests are
covered beginning on page 13,

Mugged Exhaust—=A resiricted
exhaust system has baflled many o
mechnnic. It didnt happen very offen,
but plugged exhaust systems have
become more commaon because of
double-tube exhaust pipes and
damaged catalyric converters, A
plugged exhaust will allow wn engine
fev start, Bui the engine will either lose
power or die soon allerwuards
depending on the degree of the
restrciio,

Likely causes of i plugged exhaust
are o stuck heat-nser valve, o crushed
pipee o nffler, o collapsed inner pipe
of o double-tube exhanst ar a loose
baffle inswle o muffler. The problem
with the lasl two restrictions is you
can't see theim. This is also troe in the
case of o plugged catalyiic converter,
which oceurs frequently

There are several ways o check for
a restricted exhaust systemy, The first
is gquick and easy. Simply stan the
engine and feel for exhast palses ol
the filpipe. I the pulses ane weak, o
restriction probably exists, To check
further, you'll have to raise your
vehicle on o lilt. With the engine
running, stort ol the outlet end of the
tdlpipe and carelully touch the pipe
Do it cpmickly. Work forwand until the
pipe or muflhir gets hot. Do’ ouch
the converter, You can't touch it quick
enough to avaid burns,

I the pipe is cool behind the
converter, but hot ahesd of i, you've

fowend the restriction—he converes
The same goes [or any other sections
of the exhaust system. For eximple, il
the pipe gets mystenously hot, its
e b has collapsed,

Tor ¢heck heat-riser valve aperation
of a V-iype cngine, wail until the
exhiust cools, I your engine his oo,
the valve is usually located ar the
outlet of the right exhanst manilald
Check the shop manusl for its
locution. The valve will either be
Bimetallic-spring or vacuum openied
The spring looks like o big watch
spring meaanied o the end of the valve
shaft with a counterweight, The
vacuum molor—aused on 1980 and
newer vehicles—has o vacuum
chaphragm thit operates the valve. To
o this grab the counterweigh o the
end of the shafl and rotate it WP o
close the valve. The shalt should
spring back 1o 1y resting posilion
when you nelease if, thus opening the
valve, I it doesn't, it can be freed with
a penetrating ail. Speay the ends of the
shinlt and rotate 1 back ancd forth umil
it works smoathly so the spring or
diaphragm returnd ol to the open
F'IH“IIHL

T teat the engine 1o see il any
partion of the exhaust sysiem is
plugged, hook up a vacumn giuge so
it wall resd sndake manifold vacuum
Il vacuwm 8 noeml—over |5 inches
of mercury—when the engine is
cranked, but drops low or to gem once
it starts and is brought to high ke, i
is lkely the exhaust system is
plagged

Aw a final check, the exhaust system
can be disconnected ar the exhaust
menifold. Run the engine to see if' the
condition improves, Make sure you
div this where the neighbors won't
mind the nodse ancd only kg enough
to ke the check,

Waorn Timing Set—If the timing
chain s sprockets or gears ane budly
worn, valve timing will be off, This



Thming chaln wend afleots valvs timing and ignition timing, baih of which hirl sngine
perfarmiancs, Wome, o badly worm ohain and sprocket can jump tming. esulting in & no-start,
norum pomidithon

can affect parformance sevenely, even
e the podet of the engine not runming

A worn tming set will somerimes
show wp while tming the engine and
working the throttle. The timang mark
ol the crankshaft will appear to move
erraticelly as you slowly open and
¢lose the throtile, This can also be
caused by o worn distribugor, so check
it akso i you find this condition,

I your engine uses a com sprocket
with nylon teeth, nylon chunks in the
drain ol indicate some pieces of the
teeth have broken off, This means
tme Tor replacement as the fecth hive
heconne britthe

A simple way io check timing set
wear, prevalent with o chain and
sprockets, is o pul a socket on the
crankshaft=damper bolt and use o
breaker bar o turn il Remove the
distributor cap &0 you can see the
rotor and turn the crank back and
forth about 172 inch using the timing
mark as o reference. If there is
hesitation between the movement of
the: rotor ws you change directions of
crank rotation, the tming set s wom,

If the timing sel 4% a chain and
sprockets and wear is severe, the
chaiin can jump u woth, Generally, if
the fming chain jumps one oot the

engine will basrely run, 170t jumps two
teeth, it won't run at all. Tt will,
however, spin fast Hke it has no
compression, which it won't if cam
timing is off by two teeth, A worn
timing chain usually jumps teeth
during o backfire on sturtup, causing
camshaft timing 1o be advanced. It
can also ooenr after an engine is shut
afl, bul runs on——diesels,

Betore you bleme a jumped tming
chidn, wait o lide while 1o make sure
the hydraulic lifiers haven't pumped
up, This will allow the Nifters 1o bleed
down, shutiing the valves and
allowing the cylinders o "build”
COMPTEssion

T check for a jumped timing chain,
remove the top of the alr cleaner, I
the chain hos jumped, there will
wsually be a steady stream of wir
coming out of the carburetor as the
engine is cranked, Another check is 1o
remove the distribulor cap and sed the
cramkshalt tming mark on 10° before
TDC (op dead centerd, 1T the rotor
doesn't point 1o the number-1 plug
wire ferminal—mark (this position on
the distributor housing—rotate the
crankahadt 3607 and check again. 1F it
still doesn’t align with the number- 1
posithon, the chin hos jumped,

Wurned valve cannol seal combustion
chamber, Engine porlumuance aad idie quality
ot wirna s valve oonbbnuss (o bem snd
comprosslen dions i the sffected cylindar,

Worn Cam Lobes—This problem
Is more prevalent in swme engines,
however every engine that has flai-
tappet lifters—as opposed 1o roller
lifters—has experenced the problem,
If one lobe is worm more than the
others, the engine will mun roughly,
expecially under load, 1f all e lobes
or lilters are wam excessively, enging
power will be severely reduced

I an intake valve doesn't open
enough, there won't be sulTicient
wirfluel minture fo supply thit
cylinder, If an exhaust valve doesnt
open enough, the meoming mixiure
will be diluted with exhaust gases,
Either way, the engine loses power,

Burned Valves—A bumed exhaust
valve can't seal the combustion
chamber, This results in lower
compression and power, A burned
valve can be caused by carbon
holding the valve open or anything
else that would prevent it Trom lully
seating, retarded timing or lean
airffuel mixtre. One of the major
canses of bumed vidves | unleaded
gas which lacks the heat transfer
guality of the leaded variely,
Sonetimes the cause is o combination
o e than one Tactor,

A burned valve can be found during

i wacoum fest (p, 11, leak-down tes)
(p. 13} or o compression fest ip. 13

Carbon Deposits—HBrownish or
grayblack smoke pouring from the
exhuast plpe ot wide open throttke i
carbon being bumed or knocked off

These deposits in the combustion
chumbers indicate an engine thal is in
o podor state of e of condition. or s
ol being driven properly, Carbon
buildup is a result of o number of
factors: rich ainTuel mixiure, high ol
consumption, cold  operating
temperatune or entended low-speed
driving or scling.

Detonmtion—Carbon deposits can
case o number of problems, First, the
ciurbon barilds up on the piston msd in
the cylinder hewd, wking ap room in
the combustion chamber. This mises
the compression ratio, 11 i gels too
high, the engine will detonate, or
plng, During noemal combustion the
combustion ¢humber pressure builds
1o the point that the abe/feel mixire
detonates instead of burns, This
explosion can resilt in severe enging
damuge.

I the engine has & problem with
detonation, don’t always assume it's
dhuwe 1o cartson budldup. Detonation can
also be capsed by Tuel with nn octane
rating too low for the engine’s
commprossion rabio, Ciher couses may
b overheating, over-advanced timing,
the engine inhaling excess ol because
of worn valve guldes or rings, or
automanie transmission Mud getiing
in the induction system because of o
fvulty vacuum modulator.

Before enough carbon acewmulaes
fin camst detonation, @ usually caises
preignition. The carbon panicles glow
hot enough 1o ignite the air/fuel
mixture hefom the spark plug does-—
like the glow plug of o diesel or model
airplone engine. This uswally lesds 10
detonation,

Both conditions are hard on the
engine. They pul excess stress on the

& walid Wfer valvetraln requires soms lash, or olesenes, This |8 aherscterioed by & ight
choking noles. Excass nsh mauts in & clattoring solss; too fttle chearamos amd the valve may
wil aloss helly,

pistons, riods, connk, ¢vlinder head/s,
hemd gasken/s wnd Ginally, yvour willer

Corbon aleo ciuses problems o the
valves. As carbon builds up around g
valve seal; it can prevent the valve
from seating, Then the hot exhaust
gases act like an scetylene torch amd
by, or cub, the edge of (he vilve as
they escape into the exhaust pon
Oince the edge and face 18 bumed, the
valve will not seal and the cylinder
will lose compression, Meanwhile,
the valve continues 1o burm

Carbon deposits an valves and pors
also reduce minToel mixtune flow inio
the combustion chambers. Al low
engine speeds and during cold startup,
the corboin acts like u sponge which
absurbs the gasoline. The result is
hard  starting  and - low-speed
drivenhility problems, At high engine
ey, the corhon restricts flow 1o the
eylnder, robbing the engine of power
andd Tuel economy,

A numbér of “tune-up-in-o-can’
elixirs are sold to remove carbon
buildup, But additives often remove
carbon in big chunks, This s like
throwing grit into & combustion
chamber, The carbon increases ring
wenr and muy lodge between a valve
anel sl

Additives are OK if the carbon

Buildup s light, but judging how
mgch Bulldup s on the pision and
eylinder head s difficult with an
assembled engine. Rather than using
an mdditive, cure the probdem cousng
the carbon buildup, I vou cure the
problém, the carbon will eventuslly
Bum away

Valve Adjustment—I{ the engine
18 equipped with solid lifters, check
villve lash or clearance, A few extro
thousandihs of wn inch of ¢learance
hetween the rocker arm and valve fip
can muike @ lin of nodse and some Tost
power, Hydraulie Tiflers also make
noise I the "cledwmnce” k6 oo greal
they shoukl have sero clearance

A hvdmulic ifter can also paonp wp,
vausing poor perfonmance, The lifler
Fadls o bheed down, thus preventing
the valve from seming. This problem
can wlso weakon valve springs, In
gither cose, the engine will idle
roughly, stall or not be capable of
renching high mam

With the forgoing probloms in
mind, you can now do e Tollowing
checks 1o determine the condition of
your engine. The mosl ¢ommon
problems have been listed, so don't




A siethoscops i vory helphd whes irying to pirpelsl sn engine soise. Tou mest be sbls to
At bt e R e saes seal 15ns that e |

thank of 's nel mentoreed, & problem

docint eaint. Yours mav have an
umpiual problem or an ontirely onsgue

Moises

Any mowTng par can make § motse,
It firwleng that nosse can be difficulb.
The first step in fmding the source
ol the nse 8 chiminate the
1'I'|u|r|1|l|h"~

First determine if the noise s al
engine speed or hall engine speed
This will give you some cluc as o
where the problem s, Nowses a hall
engine speed are usually in the
valvetram. Two excoplions are pislin
shap and fuel pump notes—they ako
occur ol hall spood. Notses & engine
specd are normally conkshafl related,
or in the bottom end of the engine

LUise a tmme hight 1o determme the
speed of the notse, Hook the light 1o

any plug were and bsten. If the notse
occurs once every time the light
Mashes, the noise is &l hall engine
speed, I it oocurs twice for every time
the tming light Mashes, the noese 15 ot
engine speed

Pinpointing Location—{ce vou
have determined the speed of the
poise, voull need something 1o help
with pinpointing it. A mechanic's
sethosoope works besi. b is flexible
and picks op sound well. You can
make do with a screwdnmver, prece of
woid of hose

A A-four section of garden hose
works similar Wy the sicthoscope, Use
8 plastic hose if possible. 11 transmits
sound better than rubber A
screwdnver or wooden mod transmis
the sound well, but is not flexible
Flenibility is imporiant because youll
have to get in, under and around
vanous engine components 10 gain
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Unfortunately, sounds are also
camed by the cylinder hlock, w0 you
may have trouble pinpointing the
mowe. IF you wse a prece of wood or o
screwdriver, one end or the blade
must he placed aguins the component
yomui wanl 10 listen . Press the other
end against your car or fouch it 1o
your head behind your car

Move around the engine wntil vou
firwd where the noise is loudest. Place
the probe nexl o a spark plug. This is
an excellend way 10 locate nodse from
that cylinder—especially from the
prston and rod sssembly

If the noise seema to be coming
from the upper end of the ongine—ihe
valvetram—move the peobe until the
sound w the loudest from one of the
cyhinders. Alernate between inlake
and exhaust ports of that cylnder 1o
pinpoint the source. Don't forget the
fucl pump. It also operates al half
engine speed. Read on Tor this
protiem

Valvetrain Nose—Nows from the
valvetrain is normally & clicking
soundd, caused by excessave clearance.
If moise is coming from this area,
remove the valve cover. Do a quick
visual inspection. The problem may
be obvious: a hroken puchrod, bent
pushrod, broken valve spring

If all appears to be OK, check that
the pashrodds retate and there's po
evoesaive valve lish. This will have o
be done with each cylinder a8 TDC of
its firing stroke. For how (o find TDC,
turn to page |34, Rotste cach pushnod
between your fingers. If & pushrod
won't rotate, lash is 100 tight. Next,
check for excess lash by irying 1o rock
each rocker mrm back and forth. If the
rocker arm “lops around,” there's oo
much lash. Find out why,

IF you sall havent found the culprt,
run the engine o help locate the faulty
part, If the nodse ocours st low rpm,
reduce wlle sposd so oll doesn't splash

all over you and the cngine
compartment. Check that the
pushrods rotate and the valves open
] chose. I & pustuod wnl potating or
a valve st opeming as much as the
reat, check more closely for a bent
pushrod, or a badly wom Lifier or cam
b

If the engine has hydraulc lifters
and a noisy valvetrain, a lifker s the
prebable culprit. With the engine
runmang. nsert a fecler gauge between
the mocker anm and valve-siem tip, I
the notse quits of changes noticeably,
you're i the right area. Il possible,
adjust the valve clearanoe, page 147

If the engine has bydrauhe lifters
remwove the pushrod and check that nt
s straight, page 146, If the pushrod is
OK, the problem is probably a
maalfunctsoning lifter or it and e cam
lohe 15 wom

On most V-iype engines, you |l have
o pemonve the intake manifold to gam
access 1o the lifiers; on in-line
engincs, there will be a side cover on
ahe block to remove, Next you must
gei the rocker arm out of the way. If
your engine has enchyidaal ocker arm
stands, loosening the rocker arms s
relatively casy, page 31, For those
with shafl-mounted rocker amma, you
musl remove the entire shafl-and-
rocker arm assernbly, page 12, With
all that done, all you have o do now
& fish the hifter out of ils hore

Piston Slap—This i caused by
eaceanive piston-io-bore clesrance. [Us
ususdly the resull of piston wear of a
collapsed or broken piston skin
These are indications of high mileage
serious overheating al one Lime o
poor cylinder-wall lubncation.

Piston slap makes o hollow or dull
noise. Il you were (o tap a piston's
thrist surface—ithe nght side of the
piston below nngs—with a plastic or
wood malket, i would make o sumlar
sound. The noise from the engine is
mudllicd by the Mock and surmounsding

Durved pivton ol Vop ks probally auted by presgnfilen reasdling o suireee bewby s
cormpresskon asel powsr ks A1 Bofiem, vt bedd amtedded Mol is paion  shes breskong
ol a1 gh rprn. Both condilions meire sngine teartown 1o comect.

coxrkant

Piston slap is loudest when an
engine is cold bevause piston-to-bore
clearance s greatest, This s
paricularly rue with longed padions
If the notse goes away after the engine
Wi up, the condifion an T semous

To determune whether the sound
yvou hear is piston slap, lovsen the
distributor hold-down bolt. With the
ﬂtglrx ﬂ.mrlm;_ u:I.:l! |x_|l.|l||.m lnl::h:,'
by slowly rotating the distnibubor in
the direction of distribulor shaft
rotation. This will reduce the load
placed on the piston, so any paston
slap should become quicter or

disappear altogether

If you suspect one piston of
slapping, a simiple detoction method s
to Kl ome ¢y limder at a time while the
engine s munning. (This i the same
method used lor doing a power
balance test, page 12.) This will
remove all combumtion lomd from the
affected cvlinder, thus guiehng any
piston slap

A hole i a pision makes a poise
simalar o pasion 5|.J|" It can be
detected by removing the dipstick
You will be able to hear the noise
when the puston approaches TDC and
feel the resulting pulse ol air from

]
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wwne] psion rings, oylinder bors and valve guldes or soals, Carboned plug C esnted with dry,
Blach wnd Bufty depusis is issally fom cauretion prablems o drivieg, habfts. Nonmal spark
plug D has brown b payih len appensinss with sonw slootieds waar bndleated by sighily

commbustion i1 there's i holed piston,
Main Bearing—A main bearing
with excess cleurance can knock st
half engine speed. The noise sounds
far awny—muflled—in the engine.
You can sometimes feel it through the
aceelerstor pedal, The noise will
ustatlly oceir when the engine is lirsg
startedd, how or cold, bedone ol pressur
builds up. It can aleo be detected
uncer hard acoelerution. Disabling the
exlinder closest 1o the problem
beuring jounul shauld quiet the moise
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and help you to locate which one i s
famlt.

[ron't be fooled by detonation. This
notse shows up under heavy load,
particularly al lower éngine rpm,
Detonatvon isn't as forceful or low
pitched sounding as that caused by
toey much main bearing ¢learance,
It it a0 vy, rantling sound,

Connecting Rod—A connecting
roud will knock o pound if ol pressure
is low or its bearing-to-journal
clearnnce s excessive, The notse will

be boudest just after you let up on the
throttle pedal after maintaining a
continl spoed.

Wrist Pin—Wrist pin noise has o
double c¢lick to it and is quite
pronounced. This sound &5 normally
heard while the enging i idling or ol
low speeds. This problem is mone
likely 1o ocour in engines with full-
Noating ping, rather than those with
pressed ping. Incorrect clearnnce
during assembly 1a the usunl canse,
The pin can loosen in the piston due
o wenr OF, in the case of full-Moating
pins, the rod bushing can crock; Nike
7 WA UL

Piston Rings—Faulty piston nngs
huve a chattering sound that is most
noticeable during ncceleration, This is
usyally coused by broken rlogs, bog it
miay be the result of the rings ksing
their tension, or springiness. This
condition should show up as low
coumpreasion during o compression or
leak-down test,

Fuel Pump—FHelon you lear vour
engine down because of boltom end
nisise, check the fuel pump if it s of
the mechanical voriety, Fuel pump
noise will normally be o fairly loud,
doubde click at hall engine spead. IS
ofen invistaboen Tor i bad mod,

To check the fuel pamp, disconnec
ihve Tued lines, plug them and remove
the pump. Run the engine—there’ll be
enoigh Tuel in the carburetor for a
short period of idling. 11 the noise
ceased, chances are the fusl pump is
bad—usually n hroken return
spring—or (he fuel pump ecoeniric is
Inose on the camshnfi,

Read the Plugs

Spark plugs let you “see” what I8
poing on inside ench cylinder of an
engine, Remove the plugs and keep
them in order, You'll need 10 kinow

which cylinder ench came out of for
Future reference,

Thie two things 1o look for ame o wet
ahiny black msulator or i plug with
Blister nurks on the insulator or ghell.
Wet black deposits indicute excessive
@il in the combustion chamber,
Blistering on the insulstor indicanes
excessive heat

If the plug ingulators have a dry
grwy or hlack conting an them, chock
for an over-rich mixture or weak
ignition. Exlensive luw-speed drving
of excessive idling can also case this
condithon. Other problems may be o
high Moat level, stuck choke or &
sunken {lont.

Another possibility involves s
Holley carburstor, Afler sitting for o
long thme, the gaskel between the

_ompin carburetor body and metering

block/s may shrink, Fuel can then run
into the engine, causing a very rich

mixture,

IF yids suspect this problem, remove
the Most bowlis and meering blocks
Remove the gaskets and check them
for cracks or tears, Repluoe them if
they are bad. Keep oll the gaskets
sodking in gasoline while doing your
check so they won't doy out, 1T they
wre goodd, you don't want 1o ruin them,

While the metering block/s {s off the
earburelor, check its carburetor hody

" mounting surlace, You'll nocd a good

straightedge for making this check,
This surface tends o bend or warp,
preventing o good seal 1o the melering
block regardless of pusket eondition.
If you think the gasket surface is
uneven, take the carburelor to a
Holley specialist. He'll true the
mounting surface by fling or
machining so the carburetor can be
rewsed.

Vacwum Test

An (nternal combustion engine Is
busicully an air pump, How well it
pumps air is o good indicator of an

Vsouum gaeugs belis 5 (04 noul angine comition. Lo vacaum—Iass than 15 n,Hg with sirst-
cammsd angine-—usually ndieatos onglne bs In nesd of & ebulld, | cos sleo be osused by
retarded tming, Fluctisating nosdie in caassd by & woak aylinder, typlicaily froim o misfielng
plug, vadvetnaln problesm of low compression in one oylindor,

engines condition. When running, an
engine produces a vacuum in the
inducthon system berween the throttle
platefs and intake valves, If each
cylinder doesn't contribute its share of
power, & vacuum gange should show
it by fluetuting.

Before you perform o vacuum test,
make sure your enging 1% in good
tune, A misfinng ovlinder, incomectly
timed ignition and a wo rdch or lean
mirfuel mixture will cause erratic
vacuum gauge fluctuations

The First test is done with the engine
running. Hook the vacuum gauge fo o
finting on the intake manifold and san
thie engine. At idle e reading should
be about 15-22 inches of mercury
(im Hg). Abtitude and com design both
offect manifold vocuum, For instance
there will be 1-in.Hg leas vacuum for
cich 1000 feet of elevation, The same
goes for engines with  high
performance. camshafis, which have
ingreased intake-to-exhaust overlap,

A reading of 15 in.Hg or less
indicates either incorrect ignition
fiming or & worn engine. St the
timing und recheck vacuum. IT the
needle (lonts—moves back wnd

Torth—the winTuel mixine is probably
w0 pich, Turn the idle mixture serews
in or increase engine speed to J00-
2500 rpm e see il this corects the
protlem. I the reading is low-—loss
than 15 in.Hg—the engine may have
a hlkown head goaket or an air leak

Mext, sceelerate the engine rapidly
and then release the theottle, When the
engine 18 accelerating, the resding
shouled drop but remuin steady, IF O
rending Muctuates, the valve springs
may be wenk, mllowing the valves o
Mont—nod fully sem,

When vou release the thronle, the
reading should jump 1o about 5 inHg
above the reading ot idle amd then
sietthe buck 1o the original e reading,
T vocoum does pol go thar high, the
pistons and rings ane not sealing well

If vacuum is nommal upon starup,
bisk soson ko 1o wero ol idle or whin
you slowly increase engine speed 0
2800 rpm, suspect @ plugged exlhuus
sysiten,

Onco the engine % warm, make
cranking vacuum tests. Becouse the
engine must be cranked but no
stanted, disable the lgniton systiem. If
the engine has a conventional point-

1"




mrmmmwmumtmmrd*nﬂw Drisabie igniticn, prog ihrottis

and choke plites open thon spls esgine over four timas en

the comprossion strole bor sech

aylindor, Prossurs of wiorst cylinted showld bo no losas that T8% of best ope,

type distribator, remaove the poinis-i-
coil lead and the distributor and
ground 11, With electonic ignitions,
check the manulacturer's manual and
do il 1o their recommendations,
Electronic ignitions are ¢asily
dlriaged 11 this is done incorrectly,

Mow, with edther o helping hand or a
remobe starer, crunk the engine, The
vacuum gauge needle should remain
fairly steady while the engine is
crwnked, I the needle Nuctuates, one
of the cylinders is not dokng s shune,
The canse of this could be: ingormea
valve adjustment, a worn camshalt
lobe, collapsed lifter, o leaky valve,
worn cylinder bore or piston fings,
broken piston rings, & hole in the
piston or o leaky hewd gasket, The
fslbowing tests will help find which
eylinder/s is at fuule

Power Balance Test

This b i oo 1es1 to belp you find o
priblem cylinder. Airerafl mechanics
use o best simdlar o this for ope of the
MUN-UP [ESES 0N feeiprocating engines,

If each cylinder i contributing an
equal amount of power, eliminating
any one will give the same power
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reduction or rpm reduction. As for i
weak cvlinder being "Killed,” less
power or rpm eduction will resal
The opposite will result when o
stronger cylinder is disabled-—it will
show a higher drop for ench.

Most good engine anlyieers with an
oncilloscope have a power balance
fest feature, With this feature, any
combination of cylinders can be
disabled o perform the st

During the power balance 1esi,
disable the cylinders one ot o time
while the engine is nnning. Note the
power or mpm drop with the cylinder
disabled. You'll need a writing pad
ol pencil o make nes g8 vou go,
Pon't depend on your menory, Moke
the power or rpm drop and the
cylinder with o rough sketch ol the
engine or by cylinder number. Most
ol us don't have a dynmmometer ol our
disposal, so 1 use rpm as the
referene

For the test, jdbe the engine st aboul
T rpe. Diasabbe one eylinder and
allow engine speed 1o stabilize, Note
e drop aned thee eylinder,

I wour vehicle 1s equipped with a

citalytic convener, don't allow it 1o

run with o disabled cylinder more
thun five seconds. Converter damage
iy result from the excess Tuel in the
exhaust,

Cautlon: Be careful how you
disahle the cylinders. The traditional
method of pulling off a spark plig
beandd it the plug with insulated pliers is
fine with a breaker poini ignition
system. However, I your engine uses
an electronic ignition  syatem,
particilarly a distributiorless ignition
systom (DIS), don't do it this way,
You risk damaging the ignition and
yoursell. A jolt of eleciricity—up 1o
[ THLIMH) volts—Irom one of these
systems has sent more than one
experienced mechanic o the hospital.
Dot risk it To be absolutely certiin
you dont damige the gniton syskem
of yoursell, consull the munifacturer's
service mamunl, Better yor, tuke your
viehicle to g savvy une-up shop where
the power halance test can be dong on
an analyeer,

Let's look at another method of
dizabling each cylinder: Pull each
plug wire off, then plice a d-in.-long
prece of wire into the bool between
the terminal and boot, Bend the wimne
back over the boot, then install the
beaid bk on the plug, Daobis Toe the
remainder of the spark logs. Bend
the wire as far away from any
surrounding metal as possible, By
using a ground wire or jumper cable
you can  ground each plog
individually o disable that cylinder.
When doing this, don't lean on the
body. This will ensure you won'l
prowide @ ground through your body,

This same method can be used al
the distributor cap, but take care that
ihere will be no arcing between the
cap towers, 17 you use this method,
keep track of which cylinder you have
disabled, Use the distribulor cap
method if you have an engine whee
secess o the plugs is difficuly or
impossible.

A final method is similar 1o the
beni-wire approach, A number of
munufacturers offer power halance
test kits, It conaists of o jumper wire
and eight springs, The springs fit
between the plug wire boots ol the
spark plugs or distribuior cap, By
touching the exposed spring with the
grounded wire, esch plug is shorted
ol with minimal risk o the igniton
AYRIEm OF your nervous system, Just
don’t lean against the body sheel
metal

on Test

This is the eaxiest test vou can make
10 determine the sealing ability of s
eylinder, Compression testing should
be done with the engine wirm 1o give
the most pecume idicition of engine
vondition, Run the engine unial it's up
10 operuting temperatune, then remaove
e plugs, As vou'll soon discover, the
plugs, exhaust manilfold
everything on the engine is hod, Be
careful!

Thisahle the ignition sysem. This
may simply mvolve disconnecting the
primary lead 1o the coil, Oy if your
engine has an electroni; ignithon, you
may he able o disconnect the
distributor-to-nmplifier lead. Check
the munufaciurers manal to be sune,
Black the throttle wide open and
ke sure the choke is open, This will
ensure the engine hns unrestricted
becathing during cranking

Install the compression tester in the
number-| spark-plug hole, Crank the
engine over four times—no more and
no lesd, Record the compression
pressure for this cylinder, Check the
rest af the cylinders the same way and
eompare the readings, The lowest
reacling should be w least T5% of the
highest for o "grocery getter” If it's a
perfommuince engine, mnything below
the high 9% mmge is wnaccepable,

For example, I the highest reading
i 140 pai, the fowest reading should

T ol probbem in waak oylindar, |MlmﬂﬂWIHmmr—h-¢m
gty

ngine & fow mevolutions to dl

presslon imanaves.

protiom ks Angte-bore sealing: i 1 dores'tl, mnmﬂlhﬂvmmumnml Fasl

cam lobs o hide | plsion s alse o posalisliity,

be it least 105 pei, or T5% of 140 psi,
If you want no less than a top
perfonmer, 95% of 140 pal s 133 psi,
oF 0.9 multiplied by 140 psi

Caution When doing @
comprassion test, an explosive ainTuel
mixture 18 being shot oul o he spark
plug holes when the engine is
cranking, A spark of Mame could
e 8 amall explosion, So muke sue
there areé no open Tames or risk ol
sparks in the area where you're doing
the tewt—and don't smoke, The hazand
1o your health could be imimediate.

What readings should you see?
The range of pressures should be
100200 pesi, They should definmely
b abowe 100 prd, bul thene can b o
large difference beiween engines. An
carly “T0x high-performance VR can
produce up 1o 180 pai, IF 75% is
noceptahibe for the lowest cylinder, ihe
lowest reading should be no less than
135 pei,

IT all the eylinder except one ane
goud do o wel compression tes
Sguin whou a epspoon of motor ol
throwgh the spark plug hode, 17 yours
i 0 Vetype engine, direct (e shot of

ol poswenred the fur side ol the cylinder
Remnstull the compression gauge and
check the cylinder agaan,

IF eylinder pressure increases so s
near e others, the probem 15 in the
bore, Chances are the rngs arme not
sealing, If the pressure stays about the
e, suspect o poor sealing valve oo
o blovwin head guskiel

Leak-Down Test

This is stmilar (o o compression (e,
bt with w littde more saphistication
miore accuracy and mone expensive
The major difference belween tlwe two
is that i leak=down test uses extermilly
applied pressure, Englne cranking s
not done 1o pressurize the cylinder
being tested. The rate a1 which the
applicd pressure beaks down indicates
the cylinder’s sealing ability in percent
leakag

A lenk-down tester won't be Tound
in the typical toolbox. Bt except for
the percent leakage gage, the fost con
be doie with a simple air wnk aod o
plug aiaper,

The leak-down fester requires a
compreasednlr somree, 1F you already
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A valve job done on s high-
mileage engine usually makes
performance and oil convumption
problems worse. This is because all
of the paris of an engine wear
together. As the sealing of the
valves detenorute. so does ring and
piston sealing. Consequently, if the
cylinder heads are reconditioned
they seal betier, resubting in higher
pressre and vacuum loaids on the
nings and pistors. Where the nings
and pistons were doing an adequate
scaling job belore, they may ot be
up to the job now, resulting in
increased oil consumption and
hlowhy, S0 avaoid the valve-job-
only solutsmn.

have this, you can perform all the tests
without the leak detector-—except for
determiming percent loss through
leakagpe

A leak-down test is performed with
the piston at top dead center (TDC) on
s compression stroke—both valves
are ¢losed. Aar 15 supplied to the
cvhinder through a special fiting that
adapts the amr hose 1o the spark plug
hole. The cylinder should do a good
job of holding the pressure. 1T @t
doesn’t, the test will allow you to
papoent the probkem

Caution: Be sure your hands are
clear of the fan, belts or pulleys while
doing a leak-down test. As the
cylinder s pressurueed, the engine will
tum over with a short burst if the
piston = not exactly on TDC

While testing, have the breather and
rachator cap off and throttle plates and
choke blocked wide open. This way,
you can listen for any leaks
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To set cach pesaon & TDC, mark the
distributor housing directly in ling
with cach spark plug tower. Remove
the distributor cap and rotale the
crankshaft until the mtor aligns with
the corresponding mark for cylinder
mumber | and note the posstion of the
rotor jo cvlinder-1 firing position. IF
the rotor docsn’t align, rotate the
crankshalt one tum. (Lse a socket and
breaker bar on the damper holt to tum
the crank.) When you're finished with
checking one cylinder, turn the
crankshafl until the distributor rotor
aligns with the next position in the
finng onder and check that cylinder,
Yes. Do the leak-down test in the
furing order for convermence sake.

Connect the air hose and pressuriee
the cylinder. This is when the leak-
down gauge comes in handy. The
gauge el you what percentage of asr
supplied 1o the cylinder leaks out. A
small amount of air leakage through
the breather is commaon on & wom
engine. Acceptable is 5-10%:; over
AFE s poor

Il you don't have a leak-down
gauge, listen for air leaking at the
carburetor, cxhaust pipel(s). radiator
and ol filler, breather and dipstick
tube.

IT yous hesar air excaping through the
carburclor, the mtake valve i leaking.
If you hear it at the wilpipe, the
exhaust valve is leaking. If both
vilves are leaking, check crankshaft
posithon. You may have it set on TDC
between the intake and exhaust
strokes.

A head gasket leak wall show up as
air leaking out of an adjacent cylinder
or through the radiator filler neck. A
cracked cylinder wall or head will
alse thow up as air leaking from the
filler neck. Look for bubbles in the
coolant. If vou hear leakage al the
breather cap or dipstick tube, the
pistons and rings are nol scaling in the
cylinder bore.

Hemd Gaaket—If pressure s down
on two adjacent cylinders, chances are
the hesd gasket has blown between
them. A compression lest of the two
cylinders will show low pressure,
although not abways equally. Dunng a
lcak-down test you should bear air
escaping from one spark plug hole
while the adjacent one s pressurised
and ¥ice versa

A head gasket can also blow
between a cylinder and o water gcket.
This will let combustion pressure
escape into the cooling system and
conlant into the combustion chamber.
If the problem is severe, you can
confim the leak by pressurizing the
cooling system. Youll be able 1o hear
air or coolant escaping into that

A blown head gaskel is also
wnchicased by the spark plugs. If one or
two plugs show white fuffy doposits
and the rest look OK. suspect a blown
hemd pasket.

Valves—As | poted carfier, a leak-
down test will expose 8 had valve by
allowing air 1o escape from the
carburetor or inpector throtthe body, or
the tailpipe. If vou dont have a leak-
down tester, youll have o depend on
a compression check and further
testing. I oil didn't correct a low-
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compression reading, chances are the
valves ane nol scaling.

The first thing 10 do i to make sure
e valve is closing all the way
Remove the valve cover. Rotate the
crankshaft until the piston for the bad
c¥linder i at TDC on the
compression stroke—the distributor
rotor will be pointing o the position
where that cylinder's distributor cap
tower would be. With the piston in
this position you should be able 1w

rotate both pushrods easaly with your

_ fingers. They shoubdn't be loose.

i there is oo much clearnnoe—the
pushiod is boose—an casy chock s w
remove the rocker-arm assembly
Refer to page 12 for how o do this
Mace a straightedge scross all the
valve stem tips or valve spring
rotainers and see if any valves arc st a
different height,

There will be some variance, but il
should be less than 0013 n. from one
valve to another. A valve “taller” than
the others may be burmned or on a
sunken valve seal. A “shornt” onc is
probably being held open by a bemt
slem or has carbon between ils [sce
and scat.

Cam lobe wear is & common
problem in some engines and not
others. I a valve is nol opening all the
way amd hydraalic hifters are used,
suspect a kifter as the culprit. If it's not
the kifter. then ot could be a lobe and
lifter—they wear together. Such a
problem occurs on high mileage
engines, those with extremely stifl
valve wprings and new engines thai
arent ran in cormectly

Checking Valve Lift

Cam lobe wear shows up directly as
recuced valve L I the engine has
solid lifters. it's a simple mater 1o
measure valve hift uving the following
mothod. If solid, or mechamncal, lfters
are used, procecd directly o Checling
Lobe Lift. The pressure of the valve
springs caase hydraulic lifiers o bleed
down—particalorly on high-mibeage
engines. This mukes o difficull o get
an accurate valve lift reading.

If wou have a vermier caliper or dial
indicator, use it. IF not, measure as
chmely as you can with a divider and
ruler or st 3 ruler. To measure valve

lift you must stant with cach lifier on
the hase of its cam lobe. To be sure
the cam lobe s in this position just set
the crank 10 TDC on the compresion
stroke of the particular cylinder

The best place 1o measure with &
vermier caliper is from the muochined
spring seat, bul this may not be
possable with some engines hecaunse
of the way the seal v machined Any
surface will do, though, just as long as
you measure up from the same poent
on the head for opened and closed
valve positions. The difference
between these two readings 15 valve
lift.

Record the distance from the head
to the 10p of the retainer with the
valve closed. Tum the crankshafi until
the valve is fully open-—the spring
most compressed. Subtract the
difference between the
measurements 1o find actual valve lift

If o e wsing & diad indicaton, wm
the crankshaft until the valve you're
goung o check appears 1o be Tully
open. Firmily mouni the indicator wath
i stand so the indicator up s agang
the valve retainer and the plunger is in
line—panallel-—with the valve stem.
Make sure the plunger is compressed
a linthe, but alkoww for enough travel 1o
read specified valve opening. Rotate
the crankshafi back and forth o
confirm the valve is fully seatcd
indicator reading will be bowess—and
#ero the dial. Now you're ready 1o
check valve lift. Rotale the crankshaft
until indicator reading s maximum
and record the reading for the lift of
that viihve

Compare readings afier vou've
checked the last cylinder. then
compare these lilts o0 specifications
for your engine’s cam. Recheck any
valves that are not 1o specificabon. To
get approxmate bobe lift, divide valve
lift by the rocker arm ratio. You'll
need the specifications of your engine
fior this.

wo
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Chedking Lobe Lift

To check the camshaft lobes
directly, remove the rocker arms
Leave the puhods in place. Measure
lobe lift at the rocker-arm end of each
pushrod, This is just about the most
scourate way of messunng kobe lift

Some pushrods are pusded by holes
in the cylinder head or intake

manifold, a few by guide plates and
others by the rocker arms themselves.
Regandless of how they are guided,
the upper end of the pushods will be
free 10 move in al least the plane
described by the pushrod and valve
This will allow them to fall away
from the dial-indicator plunger if
yours is a V-type engine. To keep this
from happening. position something

in the head for the pushrod 1o rest
agminst so if's contered over the lifler.
A small deep socket or screwdriver
laid down in the head shoukd do the
trck.

Another trick 10 use is & poshrod
with a cup-type end insicad of the ball
type. If yours doesn’t use such a
pushrod, F'm sure your local engine
builder will have an okd one he'll let
you have. Ir shoalkd be ot least as long
as the pushrods from your engine. An
older Chevy or Ford six or a Yeblock
Ford wse these type pushrods as do
mast engines with solid lifters with
shafl-type rocker arms. Longer is OK.
Just move it from one lifier 10 the
other & you check the lobes.

With the pushrod in place, install
the indicator with its base so the
plunger is directly in line with the
pushrod and the plunger @ on the end
of the pushrod. Rowte the crank until
vou find the lowest indicator ready,
rero the indicator and rotate the crank
untdl you get the highest reading. This
last reading is acrual lobe lift,
Compare this to the specs for your
engine. If vour engine is m street trim,
lift should be sbout /4 imch give or
take some depending on your engine
and the type of camshaft used. It
coutld go up as hagh as 0,300 in. Fora
high-performance cam, lobe lift could
approach 12 inch. Regardless of the
type of cam, the difference between
lobe lifis should be within 0,003 in.

Pay particular atlention to any
pushrodds that didnt mtale when the
engine was nmmang. The taper on the
lobe s probably wom sway, which s
the first sign of a bad lobe and lifter.

Also note: If any of the lobes don’t
measare wp 1o specification, but the
engine has the desined compression
and oil consumpton 15 OK, you can
just replace the camshaft and all
hifters. Never use old lifiers on a new
camshaft. The old lifiers will quickly
destroy the new cam jobes, I

ther than the basic lools and

equipment used in fearing

down and assembling an

engine, | discuis i this chapler

special engine building toals
and how 1o use them, such s thine
for blueprinting. inspection and
msembly. You should already have
the hasic inols wich as wrenches, a
socket set, feeler ganges and
screwdrivers. Even though you'll
need some special tools and
equipment—more if your cngine
building project includes precision
measuring for high-performance
modifications—yoo won't need much
meome than the basic tools.

To do the best job possible, you'll
need o stock ap on information such
as this and other publications,
particularly those that deal
specifically with your engine. Read
and ask questions. And don't skim
over the basics. The best engine
builders in the world stick 1o basics
and they cant ever seem 1o get
enough mfomuatnn regandiess of how
minor i may be. They constantly read
and ask questions. You do the same.

As you progress through vour
engine project. vou'll quickly discover
that iv's made up of a series of
imerrelated projects, projects that
come together in one big project
S0 as you undertake each one,
always plan what you're about o do

iﬂ

before you do it
sarmpie.

There are three hasic types of
engine building ool fira are those
for downg disassemibly and assembly
work, second arc measuring ook mnd

third are toods for prepanng parts. Of
the three, you're most likely to have

and keep things

nslding projects require o e of medssrmg Bed ssasmmbiy tool Combder The
wrgndh & ol that falhy = the masl-have category. Tha ong '™ asing ber & e
I Bocwratls Asalie fype Torgam steneh Phole by I8 Railer

the omes for disassembly and
assembly work, Because of their
special nature thaugh, you may have
few if any inspection and preparation
taols, particularly those for doing
blucprinting and high performance
work. Let's take a look st some engine
busibding tools,
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ASSEMBLY &
DISASSEMBLY TOOLS

Torque Wrench

Although a relatively commaon
ansembly tool, | mention the torgue
wrench becanse il is crocial that you
use one when assembling your
engine. Also crucial is knowing how
o use one. I'll also dispel 4 few
misconceptions  aboul  lorque
wrenches and their use,

If you don't hive & lorque wrench in
yout tonlbox, get one hefore you
hegin vour engine project, Correctly
torqued fastencrs are oritical 1o any
mechanical asssembly, particulardy an
enjine, Why torgue a boll in the first
plice? The primary reason is that b
willl not be stressed—or loaded—in
service bevond the loading it receives
from its initial torquing, This i
critical for fastencrs retaining engine
comporents such i rod caps, main
bearing caps, cylinder heads and
ke manifolds, With that said bet's
tuke o look ot what kind of torgue
wrench to get. There are two basic
types: the bending beam type und the
elick type, :

OF the two wague wrenches, you'll
be pleased (o know thal the least
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expensive is the most durable. In
terms of accuracy i is also the mist
dependable, But wouldnt you know
that there's a catch? The beam torgue
wrench is also the most difficult o
use. As for the click-1ype worque
wrench, 11 reguires periodic
calibrating hy the manufacturer 1o
ensure i is accurate. But because il's
easier 10 use and because i looks
cooler 1o have one, you may be
willing 1o stretch your udgen 1o have
o clicker wrgue wrench grace vour
toalbo,

Torguing Technigue—=The
following rules apply to all types of
tomgue wrenches. Dont jerk a torgue
wrerich when tightening a fastener,
Instead, use 4 show steady pull on the
handle with one hand while sieadying
the wrench al the drive end with the
other. To dispel a myth, an extension
between a torgue wrench and socket
has mo effect on forge as would be
the case when osed with an impect
wrench, Following are some specifics
conceming the two types of torgue
wienches.

Before you use a beam torgue
wiench, always check Ul the pointer
aligns with 0 on the scabe, 17 i doesn's,
bend the needle so it does align,

Additionally, make sure the scale
docsn't wuch the slol in the guide or
drag on the scale. Both cause

its pivot and look squarely at the
scule, not at mn angle. The need 1o
look ot the scale with your face
perpendicular 1o it is what mokes a
beam-type torque wrench more
difficult to use than the click type.
Torguing bolty in tight arens such o
those for evlinder heads on an
installed engine can present a
probilem, Assembling an engine on g
stand or bench shouldn't be, Comect
torque s reached when the noedle
aligns with the desired value on the
scale.

To use a click-type tomgue wiench,
unlock the handle or knob and notae
it until the index mark o is edge of
the handle or scale in the window
aligns with the desired torque, Lock
the handle in this position. As yon
tighten a bolt or nut, the torgue you
sel is signaled with an sudible clck.
Stop pulling when you hear the click.

Dial Torgue Wrench—There's a
third siyle of wngue wiench thar isn't
used much because it incorporates
many of the undesirable features of
both the beam and click-type torque
wrenches, The dial torque wrench is
expensive, needs periodic calibration
“and has a scale vou must watch a8 you
torgue 3 balt, | don't recommend this
type of torque wrench, but if you ane
“well healed,” these are available
with a device that emits an audible
beep when the presel lorgue
Is reacheil.

Some final words aboul orque
wrenches: Regardless of the type you
choose, get one that reads in foot-
pounds/Newton-meters (ft-lhs, /Nm)
o in inch-pounds (in-Tbs.) and has a
sufficient range, but not one that's oo
Jroad. Generally, the broader the
lorgue mnge, the more expensive the
wrench, With all things being equal,
accuracy is not as good with a broader
range, For example. the typical beam
wrench has a O- 100 fi-Ih f0-138Nm
range and will be accurate across the
total range, Another example s o 50k
250 fi-1b./70-345Mm click-rype torque
wrench. IU's much more expensive,
but its accuracy is not as pood. A
wrench with a 50-150 ft-Ib. range
would be better. As for drive size, get

<3 |2anch-drive tongue wrench, not a
3/8-inch-drive. Get a 1/2-t0-3/8
mdapter, though. Chances are youll be
wsing 38-in. drive sockets more than
1f2-in. drive sockets.

Angle Gouge

use bolts that must be rotated through
o specific angle aftér they are torqued,
all auito manufacturers now use them,
Many of these bolts are the rangue-ro-
yleld type. They are permanently

should be aware of the angle gauge,
This toal installs between the wrench
anil socket, For example, if a bolt is o
be torgued 45 fi-ibs, and rotated an
additional 60F, srmply torque the bolt
to 435 fi-Ibs.. zero the anple gauge,
then rotate the bolt another 60° as
indicated by the gauge.

Cheek tightening specs and
recommendations Tor your engine (o
determine if you need such a mwal,
Because angle torguing is becoming
more peevalent, anple paupes are
readily available and relatively
inexpensive, Consider purchasing one
for your [oolbos,

Piston Ring Tools

Special tools are available for fitting
and installing piston rings and pistons,
Two are-optional; one is necessary.
Crptional tools mclude @ ning Aler and
a ring expander. As for the necessary
one, you can't install pistons in un
engine without a piston ring
COMmpressos.

Ring Filer—A ring filer i nothing
but a fancy tool used fo morease ming
end paps when fitling piston Angs 1o
their bores, It makes the job of filing
ring emds much easier. fasier and very
neat, But done right, a fine-tooth flal
file works just as well, Consider this
guality tool from Sealed Power,
manufacturer of Speed Pro rings, a
“nice-to-have” tool, but not nocessary,

Ring Expander—aA piston ring
expander is used 1o spread, or expand,
a piston 1ing so it will go over & piston
and into 118 groove. Although i1’ ot
necessary that you have one, a ring
expander s inexpensive and con save
you & lot of money. It prevents your
thumbs from being tumed mw by the
sharp edges of ring ends as vou spresd
the rings. 1t can also help prevemt
breaking a ring, 5o it is bordering on
the foolish not to add 2 Mg expander
1o your tool collection. So forget your
thumbs. Weigh the cost of the ring

Some bodts wsed In medern engines,
particolarly hend bolts, are torqued to @
specific value, then rotated through a
spocified angle sueh a3 50°, To do this
accurately, youTl noad an angle gaugs.

expunder 1o that of o complete ring
sel. Gel a ring expander.

Ring Compressor—A piston ring
COMMpRSssor is & ool you must fave 1o
assemble vour engine. A ring
compressor [orees the rings mio ther
grooves 5o the pision can be slid into
its bore. Without one you simply ca't
install pistons. You must now decide
on which tvpe of ring cisnpressor fo
buy, You have three choices; Fimt is
the band tvpe nng compressor with an
integral ratchet mounted on the side.
It's tightened with an Allen-1ype
wrenech that fits ina socket in the
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rabchel. Although the least expensive,
it works very well. But my favorile
ring compressor uses o band that's
tightened and held in position with
ralcheting plicrs that hook into lugs on
the side of the bund, The last type of
ring compressor s 4 loading skeeve, It
haes 1 tapered 10 thal matches the bore
sure af it small end. This type of nng
compressor was first used in the
astomobile indastry for installing rod-
and-piston  assemblies on  the
sssembly line, No rutchets or pliers
are neecded. As the piston s shoved
imto the tpered sleeve, the rngs ane
gradually compressed as they move
toward the smallest section of the
taper just as they enter the bore. Very
fast. Unlike the other compressors,
tapered sleeve-type ring comprosson
must be used for a single bore size,
nod a range of szes, Don't get this one
unless vou're a professional engine
buailder.

Number Dies

Alser called steel sramps, these
inexpensive tools are wsed for
permanenily numbering metal parts
such as connecting rods, their ¢aps

andd main bearing caps. Numbering
such pans is o must belfore they come

apart if they haven't already been
numbered, I you elect not W purchase
stoel stamps, you can improvise by
using a prick pusch—a umall center
punch—to make & number of panch
mawks tha coincide with the pumber,
o ome ek for number 1, two marks
for number 2. . . . . If you elect 1o
purchase steel stamps, get the 1/8-
/3. 2mm size. They are big enough
10 soe, bt mot too big.

To do o successful “stand-alone”
engine rebuilding job, you'll need
soime iapection lools. The good news
is you should be able 1o get along
nicely with only a few of these tools
peoviding you can get some help from
a Iriend or your engine machimst. I,
on the other hand, you plan on doing
all of the inspection work and your
goal is 0 build a blueprinted high-
perfomuance engine. you will need an
array of wools, Let's take a look at each
type and their application o you can
muke the judgment on whether to
purchase of nod, Let's stan with the
maost versalile measuring tool, the

caliper.

parallel surface is from another.
Examples of ¢ach are crankshafl
bearing journal diameter, cylinder
bore diameter and valve spring
installed height, respectively, Also, a
dial caliper can be wsed 10 measure o
wider range of dimensions than other
memsuning nstnuments. A dial caliper
with a (0 106 inch range is the most
common, | recommend you bay this

photo, a dial is used i place of o
vemier wale for reading 1/100 and
171.000°s of an inch. Although a
vernier caliper cost less than a dial
caliper. | recommend that you pay &
listle bit more for a dial caliper. It is

caliper if you can't afford a dial
caliper. You won't know how you got
along without one once you use I

Micrometers

Commonly called mikes. a
micrometer is the most commonly
used measuring tool in an engine
building shop, The best mikes can be
read within 00001 ., or 110,000 of
an inch. There are two basic types of
mikes.

Outside Mikes—Outside micro.
meters are for measuring oulside
dimensions such as valve siems and
crankshaft journals or material
thickness such as valve spring shims
or bead gaskets, They measure i a |-
inch mnge starting from zero, one.

01 in, I-2in, 2-3 in, 34 in, 4-5 in.
«o vy respectively, For example, a 3-4-
IR, micrometer measures 3 and 4
inches and all points in between to
I'i_lhin 00001 in. So if what you're
measuring is smaller than 3 in. or
greser than 4 in. you'll need another

Dutaibs micromeler & umed Lo ke sccerats ouisads measerements of sake slema ard
and pod heanag pornal dameten Sandard m el tn cheok et sdcursey ke e

O-1n.. L-24n. and 3-J-n migroawbors.

accurate check of your engine, you
will need ot least three micromelers,
Thet ones you'll need depend on the
dimensions of the components you'll
be measuring such as valve stems,
hearing pourmals and cylinder bones.
Check the critical dimensions of
your engine 1o determine which
micrometens youll need. Chances ane
you'll need a (- 1-in,, 8 2-3-in. and a 3-
4-in. micrometer if your engine is
typical. Once you decide on the ones
you need, shop Tor quality
micrometers first, then look for the
lowest price. And quality doesn't

mean glemos such as batlory-powensd
digal readout micrometers that ook
up o a videno display. What you need
are basic durable micrometers thal
will give you an accuracy within
CLOOONT i, o OLO0 s i you choose
a metie mcroimeier,

Features to look for include a
vernier scale on the hub, a checking
standurd, o ratcheting thimble and o
lock, The vernier scale allows yvou 1o
read mewsurements within (L0001 in,
whereas the resolution scale by isell
will only allow you o read within
0,001 in or (LOImm. Anything in
herween will be a guess. The checking
standard, or gauge block s some call
it, in oo sccurately machined nod that
s used 10 check andd set (he scouracy
of the micrometer. Note: A 0 -in Ak
25mm micromeler won't need a
stundard since it should read 0.0000
InJU00mm when the micrometer s
closed. The others won't close up, so
they will need standards. All
micrometers necd a wrench for
readjasting their accuracy

A raicheting thimble is more of a
conmvenience than a novessity, fn fact,
moal professionals don't wse them, If,
herwever, youre nol experienced with
using a micrometer, u ratcheting
thimble can be hefpful. It allows you
o tighten the micrometer just nght
when you're taking o reading. 'When
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the thimble ratchets or slips, the
micromeler & lghtened comrectly, I
15 too tight, the micrometer reading
will be oo low; oo loose and 0 will
read high The lock keeps the thimble
Trvwm podating S0 Your r:',h!m}; WeOHi |
change while }nu'rr hJI‘ldFIng the
s rome e

A final about outside
micrometers: Make sure o ball adapter
iw included with the =1 -in =25%nm
micrometer. This atschment allows
youl o mesune curved COMmponeniy
such as the thickness of a bearing
imacrt. The ball fitx on the end of the
spindle e bares against the inside
curve of, say, @ beaning insert. Jusi
remember 1o subtract the 0,200
in./5 08mm from esch reading or
whatever 1 added by the ball.

For a micrometer that doesn’t have a
ball sdapter, find o ball Trom an old
ball bearing that's aboul the same
diameter @ the micrometer spindle
T s, it the ball 1o the spinadle using
& short section of mubber hose that fits
tightly over the spindle and ball. Mike
the ball ancd subract that number from
whilever you're nesurmg

Inside Mikes—Insube micrometers
are used lor measering inside
dimensions such as cylinder bores or

mnaole
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maun bearmg bores, But becuuse thene
are easier ways of measunng inside
dimensions with less expersive 1ools,
I suggest you forgo the purchase of an
imsade micrometer. Bul because you
should be familiar with this wol or
you may want one of everything for
your toolbox, let’s look af the inside
muke.

Unlike outside micrometers, you
necd only one inside micTomeler o

gl a range from one inch to L11
inches, This range is possible by
interchanging vanous cxtensions. The
problem with mside micrometers is
they are extremely difficult o master.
You must hold the mike square o the
centerline of the bore and dinectly on
center 1o gel an accurate reading. This
requites a lot of wiggling and
adlpusting one way and then ancther to
et an sccurate resding . . . then vou're
ot sure. What's frastrating is it seems
like every time vou take a reading it
dhfferent. Comsequently, vou'll need a
list of practice before vou can become
proficient with using the inside
micrameter

Telescopic

Commonly called snap gangeés,
these are transfer gauges rather than
measuring instruments. There is no
dial or scale from which 1o read
measurements. You'll need outside
micrometers o make the final
measurement. Even though | have
inaide mukes, | use telescoping gauges
and outside micrometers instend. A
typical set indludes six telescoping

CHad Indlicitor can be uied o check crankahalt endplay, Rywhiel wapage, crankahpft nanout

B, |

and camshal TR, Magnetio bass works well oa Nat magnetic surinces; belt-on stand & used

on Irregalar surfaces ar
I islng vl (o fisd TOC.

agnetic

gauges, They range from the smallest
of <02 1o 314 ing; the larpest from 3-12
W 6in,

As shown in the photo, the
telescopic gauge is & T-shaped affair,
The cross of the T s o spring-loaded
plunger with radiused  and hardemed
eichs. The handle is wrned o lock the

_plungers in any compressed position,

To measure a hore, the first step is o
fit the snap gange in the bore and
allow the plungers (o spring oul
against the bore. Next, the handie is
lightly tightened while the plungers
are against the bore but not quite
sguare fo it | wiggle the gauge o linle
1o center it in the bore before
smugemng the handle. The final move
is 1o push the handle sideways so it
drags the plunger through the true
diameter of the bore, compressing i
1o the troe bore diameter. The snugged
handle allows the plungers to
compress. but prevents them feom
spapping back out umil you can

" bl i

tighten the handle, While the plungers
are securad in that position, measure
aeross the plunger ends with the
appropriate micrometer o determine
hore size.

Small Hole Gauges

To measure a bore that's smaller
than 1/2 in. such as a valve guide, a
smap gange won'l work, You'll need &
small hole, or ball, gauge 1o fit in the
smidll bore. Availuble in sets of four,
these inexpensive transfer gauges can
be used W measure holes or bores as
small as 178 in. and as Farge as 12 i
I recommend that you add a set of
these to your tonlbox. You'll need o
(=1 -in. micrometer 10 pet readings,

Much casier 1o use than telescoping
gaupes, a smill hole pauge consists of
a split ball with 3 cone-shaped wedge
i the split. After the ball gange is
mszerted into 4 bore 1o the desired
depth, the handle is umed to move
the wedge in or out (o expand or

contract the ball, The gange should fit
in the bore with a slight drag. The
gauge is then withdrawn and the
width of the ball is measured 907 (o
the split 1o determine bore sie,

Dial Indicator

Youll need this precision inspection
instrument to degree in & cam, check
cam lobe 1 or bluepring your engine,
Bial indicators are also great [or
checking crankshall mnoul, crank #nd
play or piston deck clearance
Although n versatile nspection 1ool,
there are other methods you can use
that reguire the use of less expensive
towals i yourre only doing a rebaikd

The typical dial imdicator consists of
o plunger and two dials. As the
plunger moves in and out, the dials
rotate, indicating plunger travel within
an accuracy of X1 in, The Larger. o
outer, dial face bs divided it (0001-
in. graduations and the smaller one s
divided into revolutions of the larger
dial. Each revolution of the kuger dial
is typically 0,100 in. To provide o
convenieni stafing point, the outer
dhal face can be rogated on the body of
the indicator fo zero the pointer, It
also has & clamp at the edpe 1o hobd

Another transfer gaugs, the smalkhols gaine
s usod with n 0-1 inch outaide micrometer
for measuring small bores such as valve
guides, Messurament must be mode with
mizromatar B0° to epdit In axpandabie hal
end.
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Usstial Sor measuring cylinder bosss @nid main bearing borss, & disl bore gauge |5 the most
sccuratn mnd sasiesl to use bore moaswing tosl. s slse the mostl sxponsive. Prios 1s

tur 1o haastine Bore sire Diffemnoe (s

meEunng, geuge & rerosd with an
ropel Breclly &6 0vel OF Whlemits

the Face in plsce

Accessories—The mosl common
thal anelbcators wre avidlable m 0,500
i and 100k, travels. Althowgh
mare expensive, Choose the 1000
meh-travel indicator because it is
What 1
consider mhoe, bul nol necessary are

more convenicnl to use
telltabes. These twa little poiters on
the ouster izl O can be positioned
around the dial face o indicale
Marting or stoppig pomis of mnges
for checkmg wlerances, Il the dial
poimier does nol pass e tellibe, you
kv that what's being checked is
within sy

You'll need two accessores for a
dial indicator, s base and o plunger
extension. The base is wsed W sugpxon
the dual indicator. It can either be
halted or held in place with
permanent magnet. The magnetic
baxe 1% the mosl convement and
usually the best 1o huve, buar if te pan
being checked is non-magnatic, such
as an aluminum cylinder head or
bbosch, it wosild be better 1o have the
boli-on base. | say betier because you
can always bolt o small steel plase o
the pant being checked. Although not

an convenientl, you'll then have
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something 10 which the magnet will
stick

Between the base and indscator (s
the adjustable part of the base. As
shown, 11's either a combination aof
rods wnd clamps or a snakey looking
affair that clamps solid once the
desired position i achieved, | prefes
the rid wnd clamp type base bechuse
WS emsder o sl up and s mone solid

V-Blodcks

A paar of cast-iron V-blocks can be
consbdered companisns o the dial
incdicator, They are used o suppor &
crankshafl or camshafl ol the ends lor
checking munout. A crankshaft set ina
cylinder block suppored by the upper
bearing inserts at each end will
sccomplish the same (hing. bul youll
necd V-blocks for checking a
camshadl, Price V-hlocks while you're
shopping for a dal indicator. Purchese
4 et if vour budeet albows

Dial Bore Gauge

A dial bore gauge 18 a special-
purpose dial indicator for checking
hores, and as such they are predty
expensive. The most sccurate dial
bore gauges have an accuracy of

00001 an., or 1/10,000 in,! Less
expensive dial bore gauges will check
1o within 0005 in

As shown, the dial bore gauge
comnsists of g dial indicsor o one ond
of n long stalk and a tripod
arrangement positioned W7 1o the
stalk m the other end, The wipod is
made up of a singhe imerchangeahle
Pt that goses against one side of he
bowe being checked and tweo hardened
buttons at the other end that
automatically center the plunger in the
bore. The gauge plunger is between
the two buttons, dircctly opposite the
st Too allerw for i erent bore sites,
the post is interchangeable, This
ullows you 1o measure the big end of
a connecting rod or the dinmeter of a
cylinder bore,

Reading Technigue—To schieve a
remding, the gauge bs st seroed. This
15 done by measurng soross the gauge
with an outside mike set to the
specified bore size and rotating the
dial Face untal 0 sligns with the
nieedbe, The gouge is then insened into
the bore 1o the desired depth and
rocked back and forth until the lowest
reading 1s achieved. When the gauge
in square 1o the bore and the indicalor
needle reverses direction, the lowest
resding is resd. This may be on the
plus or minus side of the zero,
indicating an oversize or undersize
e, Because it's so fust and socurate,
the dial bore gauge is most helpful
while honing bores for finting pistons,

Adthough this sool is the casiest and
maost accurale one 1o check bores, the
cost of a dial bore gauge restricts is
use 10 the professional engine builder
o engine machinist, But if you're a
very well hewled do-it-yourselfer and
yvou feel you must hive one, greall
Ciet o dial bore gauge, Il you've ever
done any engine binlding without a
dial hore gauge, you'll wonder how
you ever pod along without one, The
accuracy i s good you'll drive your

Rilshon gruge is & specialioed bealer gaue bor maasuing pistonlobore cleprsnces (eige and
plston are insertod lwto bors, then ribiben geuge s pulled out with & fish type sosle o1 by
somanns with & good tesl, Pulling tension must be within speciSed rangs § olearance is within
.

engine machinist ¢crazy with the
acgumcy you'll be able o demind

Feeler

Although 1 have assumed vou have
i set of fecler gauges, there's one lype
of which vou should be aware, It's the
long (12 in) tempered and polished
ribben gouge for checking piston-to-
bare clearance. Thicknesses such as
0000, 0K S and 0.0020 in, are
avadlable, You con use o ribbon gauge
os an alternative (o the more
EAPENSIVE MICTOMMElCTs, s gauges,
dial bore gauges or whatever for
directly measuring piston-to-bore
Clearamce

Technigue—Tio use a ribhon gauge,
Install the: piston in a clean bore with
the gange alongside the skirt, then
pull on the fecler gauge. If there's
lntle to no resistance, clearunce is
more than geuge thickness, 11 i is
tight or can't be moved,
Clearance in less, The gauge will pull
ol with a "slight” drag if clearnce
nd gauge thickness ane the same, An

vEry

example of a manulacturers
specification is a b-Ib. pall on a
(LI S-am. pamge with 4 cast piston
Pulling on a fish scale hooked imo the
hole at the end of the ribbon will
climinate the guess as to the force
needed w pull out the gauge

Plastigage

As with the feeler pauge, this small
strip of colored wax is used to
mensure assembly clearances directly
This is done by compeessing the wis
sinp between the installed bearng and
bearmg jourmal, removing the bering
cup and measaring the compressed
width of the Plastigage with a scale
that's &8 the edpe of the paper sleeve it
cunmes in

Even though experienced engine
builders turn up their noses ut it,
Plastigage is a handy checking
miethod, Use o 1o confirm bearing oil
clearances. IT a clearance doesn’l
check oun right, make sure you have
the right beanings and remeasure (he
bearing journal with a micrometes

Purchase one sleeve of green
Plastigage. Iv has a 0.00]-0.003
AL -0 N8 mm range. Make sure
it is fresh, not hardened by age from

sitting on the shell, Hard Plastigage
maikes obl Clearnnce readings oo low
because it doesn’t squerre ol as widk
Ak o wourld atherw e

Machinist's Blue

Blue dye, which is used by the
gallons in machine shops and
Tabricalion -‘tu.l|1-\. for lay g okl ey,
i uselul for vanous engine balding
”]"’I'Ll““l"" Cne of the mosl commaon
engine bullding uses Tor bluing 1 o
apply Uhis guebck -deving Tiguid v valve
seeits during three-anghe jobs, page 41
Aler top and boftom cuts dre miuk
the valve seal ~|.|||||-. auwl in blue
contrast so seal width and dimmeter
e moch caster 0 see for measunng
Similarly, outhining combustiin
Chimmbers in the process of modifying
them, laying out port runners al
mantfold parting faces or clearancing
cun bearmgs are other examples of
application for machinist's blue. As
T where o gel i, machinst's blue s
avatlable al all machinery sopply
hovases and some ool or engine pans

slowes

Scribes & Dividers

Both scribes amd dividers arn

Bhang. soribe, dividers and B-inch snake am
uselal far ehecking valve seat work or
" " d
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fraam

s ol high

the mahudac s 's sposifications. Directlicns am aridtod on wieol.

cormpueniony o bluing. Once the hlue
dye ix apphied and allowed to dry,
petterrs wre scrvbed on the blued anea
The scribe mark s—mude with eithir a
serihe or dividers—stand ot as hright
high-contrast lines against o dark-blue
ek gromnd,

A scribe is basically o pencil with a
sharp metidl pobnt Tor scrbing straight
or curved lines, Dividers is a compiss
with two sharp metal points rather
than one for scribing circles during
layoul work, finding centers or for
iranslerring measurements, Scribes
i divaders are pvailable ot virally
ull vl supply stones al nomanal costs,

Steel Rule

For making non-precision
measurements and using as a rigid
stradghtedge for laying out stradght
lines, ged o - or 1 2-inch machinis’s
scabe, or steel rule. This used with
machinist's blue, scribe and dividers
will alloww you 1o do minor inspection
work, PMueprinting and performance
madifications. The scale shoukd have
1/32-4n, and | /6d-in, divisions on one
gide and 0. 100-in. and 0.025-in.
divisions on the other. Scales with
metnd divisions are also available

Wheel

When doing blueprinting or
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performance work, you'll need a
degree wheel. Use it 1o ensure the
camshalt s growund and installed 1o the
manufacturer’s specifications, Degree
wheels are offered by most
aftermarket high-performance engine
pants manufacturers, particulardy those
who specialize in camshalt and
valvetrain components, Choose i
degree wheel that is easy to install,
preferably on
the degree wheel iself—and with
numbers that are easy (o read. A
pointer may of may not be offered,
but one cobbled from heavy wine such
us welding rod will work fine. When
degreeing a cam you'll also need o
dial indicstor for checking lobe Tifi, o
piston stop or dial indicator for
finding Top Dead Center and Jight-
weight checking springs. These Rems
are included i complete cam
checking kits offered by some
aftermarket manufacturers.

Burette

You'll need one of these scientific
measunng instruments il you plan on
e ing—measuring—the combustion
chamber volumes of your engine
Available in different volumes, get o
1ice bureiie, A Slcc buretie won'l
completely fill the typical combustion
chamber, making it inconvenient 1o

has clear directions-

snging parts suppliers, & dagres whesl is 5 must e cheoking camshal againet

use. A stand to support the buratie
would be helpful, bul not necessary,
You will, however, need a 1/2-in,
thick clear acrylic plate about ¥ in.
square for covering the combustion
chamber,

As for where o ger o buretie and
relmed socessories, vou have severnl
options: If vou know a race engine
buibder, talk 1o him first, If you don
have this option, visit your local high
school or community college. A
physics or chemistry instructor may
be able 1o point you in the right
direction, Check also  high
performance punts mail-order cotalogs
for oc'ing kits

PREPARATION TOOLS

Files

There always seems 1o be the need
for a file, They are used for enlarging
holes, deburring. radivsing and
chamfering edges. The problem is ong
file won't do, You'll need a specific
file for a specific job, Three should
satisly most of your filing needs: 10
inch flat, half-round snd round, or rat-
tail, file, all with smooth or hastard
cuts, For jobs where removing metal
faster is important, the bastard cul
works berter, but the finish will be
rovigher,

. Volume of irregular “contalners” such as

% I8 de d with
liguid measured from chomist’s berette. Low
viseosity lguid such Bs kerosana bs used to
Tl volume sanled with clear soniic plate.

Accessories—Two accessories you
neted for your fikes dre handles and a
file card. For one thing. handles make
Files much easier 1o use. A handle will
also keep the file tang—pointed
end—Ffram piercing the palm of your
hand i you run the end of the file into
something. A file card is a short-

_ bristle ware brushy for emoving metal

cuttings from the file teeth. A file
should be cleaned periodically
because one loaded up with metal
cuttings will nod cut.

For doing precise filing work,
consider a needle-file kit, These
smll, multi-shaped files are preat for
such things as cleaning up radii on
connacting rods at bolt holés or
deburring crankshalt oil holes,

Die Grinder—You'll need a die
grinder if you'll be doing cylinder
head port work or extensive cvlinder
block deburring. This power tool will
give you the capability (o remove  lod
of melal-in & relatively shorl amoun

Assortment of Blas In cut and shaps sre usod to smooth reugh suriscss ond break sharp
edges. Handie installs on tang to make fling casler and salor; fls card |5 for cleaning file
toath,

Preematic dis Erinder with amorted carbide burrs, abrskve stanes and paper rolls are & must

W youi Ibond bo mahis ser pliral

of time, Don't think you can get by
with a Dremel type hobby prinder.
For major engine work voull need a
high-speed die grinder with a 3/8-in,
collet chuck

Dhie grinders are either electric or
preunatic powered, The one you gel
depends on whether you have o high
cupocity compressed air system—35-
hp compressor is more tan adequate.
If 50, get a poeumatic die grinder. It is
lighter, more durable and easier to
handle than the electric equivalent,
Also, get some Marvel Mystery Oil 1o
lubricate your grinder if the
compressed air system isn't equipped
with-an inline oiler,

ol modificati

To do the actual cutting, you'll need
some carbide ool steel catters—-burrs
as they are known in the industry—or
abrasive stomes. Use burrs Tor guick
material removal, then stones for
finishing. The burrs can be used an
cast iron, steel and aluminum, Stones
are befst of they ane only used on cast
iron or steel; they load up when used
on aluminum. You'll need burrs or
stomes in various |/2-inch diameter
shipes such as round, cylindncal and
teardrop, depending on the shape and
accessibility of the areas you'll be
working. Be forewamed: Carbide
burrs are cxpensive, so you may eleéct
10 ke only stones,
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Clean (Bremiy with tap to eracre Bolts arv socurately torgued. Wire brush can be esed b0 clean
aalgiral (hraads. bul pou'B reod the cerect site snd pitoh Lags lod chasing [hreaded hoies.

When choosing burr shapes, you
must determine the type of culls o
purchase. Use fine single or double
cuts for steel and cast iron. Tip: A
conarse single cut burr minimizes the
temdeney of the cutter o load up with
alumenurm. To mammaee this Turther
periodically apply wax 1o the barr
when workme alumunum. Yool Tmed
an ampde supply of inexpensive wax
w the plumberg scction of just abaout
iy hardwane store. It is wsed for iodlet
hase sealing rings. Keep o file cand o
wire brush in reach o remove
maderial from a buarr as o losds up

Cirsmbmg stones ¢an be used for all
porting and polishing noeds. 1t just
takes longer 1o remove muiterual with
And
because they are abrusive, they are
alse chrmeer

To achieve that highly polished

them as opposed 1o burrs

look, get some paper rolls, Not so
mukch for remmovimg material, they put
that high polish on a surface thal's so
desirable for keeping carbon from
sticking to a surface such as a
combustion chamber. Youll also need
4 mandrel. It chucks in the grinder;
the paper ol is screwed on 1o the end
of the taper threaded mandrel

28

Protect Your Eves—When doing
any meial work, particularly high
speod metal rernoval, always wear eye
protection. A dic grinder tems wp o
25,000 rpm, throwing hot metal and
abrasive particles im all directions
[on't rsk permanent eve injury. Wieas
a full face shaeld or goggles o protect
your eves from injury

Threaded holes must be clean
before you can achieve accurate bolt
torgques. This requires thal you chase
the threaded holes in the block and
heads with hand taps of the same sime
and pitch. So if you don't have o ap-
angd-die set and you're wnsure aboul
thread sires, take one bolt of esch sixe
10 o ool supply store. This will ensure
you get taps of the commect sizes. As
for the type of tap, there are taper,
plug and Botiom taps from which 0
choose, Taper taps are for starting
threads in an unthresled hole, botiom
taps are for threading all the way o
the bottom of blisd holes—hodes that
don't go all the way through—and
plug tags split the dilference. Bocause
st threads i an engine are in blind
holes, get at least taper taps, These
will clean up the threads most of
the way to the bottom of a hole.
Don't forget a holder, or handle,
Although you can use an open-end
wrench (o tum o tap, o tep holder s
miuch better. B

Handy Mem for organicing parts during teardewn o¢ sasembly Is o sliverears tray.
Compartrmants drs o asiful b separaling perts or foais juet s ey g for sl Keives.

nginee rebuilding mastakes. besin
right here—al teardown. Don't
make the first one by gelting
yoar engine apart and spread out
all over the place as fast s

‘possible withowl regard to anything

glse. Tearing an engine down 15 the
first inspection- step in engine
rebuilding. Consider, too, tha il you
don't intend to continue with the
rebuilding process after tcardown,
don't start the process yel. An engine
is better protected in its assembled,
greasy grungy state than with its
mnards scattered about. I've seen oo
many engines nuined because of pans
being lost or rendered useless by
CIMTOSHN,

When disassembling your engine,

“take your time. Those ok bearings

and gaskets you'll eventually toss
out can provide valuable clues as
1o the condition of engine parts,
The same goes for the pistons,
hearing caps and bearing journals,
You'll quickly be able to discover
what was making those mternal
noises, high oil consumption, loss of
power, low opil pressure or low
compression—whatever il was that
mikle your engine scream, "1 need w
be rebuil!”

First, organize a plan of attack.
Separate hardware according to
function, Lise comainers o store parts

A miccassful teardown i

y for o

i engine-tuilding project. & chean area,

clear bench top and starage contaners makes process mach easler,

EXTERNAL HARDWARE

and labe] them. For example, keep the
exhaust and infake manifold bolis or
nuts in scparale confamers rather than
mixing them in with other fasteners.
Pay special attention to how the pans
werlt fogether. This is vour last chance
to see how they all went together.
Above all, don't rely on your memaory.
Muoke wse of marking pens, punches.
photogriphs and sketches before you
dissssemble them

If vou have impact (ools you can
remove many of the parts with the
engine hanging from a chain boist o
cherry picker, bul it's nol the best
miethesd, Thas is especially true if vou
don't have impact tools, You'll end up
spending more fime wresthing with
the engine while trying to hreak loose
bolts. Dancing the jig with several
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Rumore Nesplate o Fywhos! bofts with sngine seceted &0 0 dossn't roll over, If pou dan't have
) impe] whenhol, striko wrench with soft mallet (o beeali loose bolbs.

hurddred pounds dangling from the
enid of a chain is dangerous, s gel
your engine firmly supporied before
Yl slan removing parts.

Engine Stand or
Workbench?

Ihe are two common ways ol
supporting an engine while rebuilding
it with an engine stand or workbench.

An engine stand can support o
comnplete engine during teardown and
wsembly, The three or four wheels
that support the stand allow you o
roll the engme aroand. Addiionally,
the engme can be rotated A around
it bongituchingl wxis and bocked o any
posation, This makes it very easy o
wirk

The one problem with an engine
sland 1 cosl-—they are expensive.
Equipment rental outlets will remi
them for & weekly or monthly fee. Or
if your're Jucky, o fend may have one
vou cin borrow, Either way, consider
the rental i good investment

Another wiy (0 SUuppan your cngine
5 on a sturdy workbench, Many
engine builders use benches, These
are low in the midkdle and have dmins
at their centers, 1T yiou ogi for o bench,
Just be sure B will suppont your engine
and the weight of ool
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Clutch

Ii You are going I wse an chgine
stand, remiove the clutch and lyvwheel
or comverler fexplate now. In the case
of the clutch, mach-mark e pressure
phite cover and Nywheel with & small
center punch so you'll have a
reference for reinstalling the clutch in
the same positaon

Don't remove any pressure plate
holt completely. Back one out u full
tum, go to the next one and do the
same . . . Repent this process unill
there i no boad on the clutch dise
You can now remeowve the bolts, bt be
careful. Be ready 1o catch up 10 50
pounds of pressure plote and disc so
they wont [all 1o the Noor where your
toes arg. And he careful not fo get
vour greasy hands on the disc Iriction
surfaces, If i's rensable, o hig greasy
fingerprint can cause the clutch 1o
grab mnd chatter,

If the preéssure plate is fitled over
dowel pins, it may not come of|
eaxily. If this is the case, gradually
work the pressure plate off each
dowel with a screwdriver.

Drain

To avoid a hig mess, drain the
crankcase ofl and coolant i you
haven't already done so. Teardown s

poing 1o be messy enough anyway.

I's simple enough o dram the oil.
Just remone the drin plig and let the
oil drain o a pan, While you're al iz,
remove the filler and drain il into the
pan, b, This will get maost of the ofl
oul of your engine but not all of i,
There are plenty of nooks and
crannics in an engine lo keep all of the
oil from draining oul, so be
forewarned,

As for the coolant, it's o litthe more
difficult. Most of ot should've drained
during engine removal, however there
will be some residual coolant left in
the engine. To complele the draining
joby, elther remiove the pipe plugs and
core plugs—commaonly known as
frecee plugs or Welch plugs—~from
the sides and mayhe both ends of the
Block, Not all blocks will have pipe

Mugs.

Flywheel or Flexplate

Onoe the cluteh s off youll have &
clear view of the flywheel, If an
automatic transmission was used, a
Mexplate will be in place of the
Mywheel

There's not much difference
hetween removing the two excepd fr
the additional weight of the flywheel,
To remove either one vou'll have 1o
remove the mounting balts—theyll
be tight, If you have an impuact
wrench, now is the time 1o use i, If
nol, el oul your' 34-in, drive breaker
har and the appropriate socket.

To break the bolts loose with &
breaker bar, you'll need 10 keep the
crank from turning, Do this with
another wrench ut the nose end of the
crank on the damper boll, You could
also enlist & friend 10 help, He'll need
a pry bar or the biggest screwdriver
from your toelbox placed between
two starter ring pear igeth. One of the
belitousiing dowels or a boll threaded
back into its hole will give you
something to lever against as you

As you remove axhass! maniields, cheok for oracks and nots posilion of sy DaMes o Ming
hags. Bach hardware should be replaced, particularty | engine project s pan of & vehicie
s boaaibon project. Photos from il angles are uselal 81 asssmbly thme.

break loose the Mywheel or Nexplate
halts with a breaker bar

Ancther option is o use a Nywheel
holding tool such as the one sold by
M. Gasket. R is nothing more than
short channel with a slotied hole a its
center. The ool engages the staner
ring gear teeth and is secured 1w the
rear face of the block with a
belhousing ok

Engine Plate

An engine plate may be the nexi
em you encounter. This thick piece
of shoet metal 15 sundwiched between
the rear foce of the engine block and
cluich or converter housing, If your
engine has one, pull it off of the
dowels and set 1 aside,

If you're going to use an engine
sland, now is the time to mount yous
engine 1o it, Position the engine on the
stand o its cemer of gravity is close
1o the stand's pivol axis, or shout 4
mches ahove the crank cenler

Exhaust Manifolds &
Other Things

If you haven't removed extemals
sch s the exhust manifolds, staner,
fuel pumys, maotor mounts, carbunsior,
winer pump and distributor, do it now,

Set them aside with their mounting
fasteners in o clean, dry storage mrea

w0 youl can desl with them Iser. You
may want to restore, rebuild or
replace them, bt let's concentrate an
the pob at sl

First remove the valve covers
cover if yours is an inline engine,
After you've removed the retaining
bolts or nuts, pop the covers loose
froum the cylinder head. It possable i
dhr this by simply inserting the blade
of g serewdriver under one of the
comers and sinking the hundle with
the butt of vour hand, I it won's come

off this way, avosd prving under the
valve cover flunge in one spot, This
will bend i Instend, work around the
Nange b prying  lude at o tme wil
the valve cover comes loose

intake Manifold

Unless you have an engime such as
the big-block Fond or ZRL Chesy Vi,
you can pow remove the intake
manifisled, On these engines e intake
manifold formes the mhoard xide of the
heads. With this design, the pushrods
go through the manilodd ruther than
the heads, This means the pushiods
musl be removed belore the inlake
manifold can comi off

Tes rernove the pushrods, resd ahead
on how 10 remove them and retum
here 1o continuing vour disasscmbly

After you've removed the imake-
manilald bolis, break loose (he
munifald. It may seem as though the
mantfold has grown to the block and
heads. Start by prying in several
lecations between the block and
muunifold with a lage serewdnver, I
that dowesnt work, stop, Belare going
any further, check that you've
removed all the bolts. Assuming ull s
OK, lightly drive & small chisel
between the block amd memifold, Do

Irtakea mamiiolis can be orery. Befors pou resoi 1o broaking looss imanioll as shiwn, double
ehech that you've removed all balts, Be vary carsful not to demage gasko? surinoss,

particularty hasd-to-manifoll srfsoes.
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Some manlkuids that seal Wop of black

youe masnliold dossn 1 seal lop o Book, o separate haMle will bs used. Bemove §

di-tmatl gasiels with & baMa. 1

Remavn indvidusl mocher arms by sl semoving sach hold-Sown mit or boll. Reganiiess of
viilve temin matii, oll parts must be ki in order snd together so thary oan be mstalled s they
cama sgarl o ssssmidy D Machinsd parts thel wear ingether musi be kepl Tageihes

this in severnl locatons ul the Trom
and bock of the engine. 1t shouldn't
take muech before the mamfold e
loose, Lift it T and et il aside, If
your engine uses a combination
bl The/gasket, remove i ton, It can be
chiscardid

Rodcker Arms &
Pushrods

There are two basic tvpes of rocker
arm setups) shaft mounted and
individually mounted, There ix a
disninet difference in how each is
removed. But before you can remove

o pushrod wsed with either type of

rocker arm setup, the rocker aom must
erther be memuoved o shified om of (he
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Shaft Mounted—Let's ackle the
maost diffscull rocker arm setup fina
shalt mounted, To remove the
puishrods with (his type of setap, the
complete rocker arm assembly must
come off first. Before yoo get in a
hurry, be prepared 1o keep all mocker
aren components i order and marked
so you'll know on which head they
wiere anglnally mstalked. This is very
et

Back off each shall mounting bolt
one urn A a tme to prevent bending
the =haft, Continue this until all mcker
arms loosen, then you can remove
each bolt. Once they are all out, N
ofl the rocker ami-awd-shall assembly

Hoep rockor ame and mating pleots fogethe:
by whrinjfingl tham oo & wies b pasirs, Puashnogs
can bo kepl ks ander lyy pushing Them through
hokis poked (wte bottom of old dhes b,
Lasisl b ppbieiing o ¢ylinied numbenm.

and set o asude for now, Store bolts
with the assembly in their ariginal
locations, Remove the other rocker
arm-ind-shaft assembly in the same
manner. You'll inspect and, if
regpuined, recondition the mocker am
assemblies later

Single Muount—=For  single-
moanted rocker arms, back off cach
meunting bolt or nut so that the rocker
anm can be pivoted 1o the side so i1
off the pushrod and valve stem tip,
Unlike shafi-mounied rockers, you
can leave these in place while yvou
remove the pushrods

Pushrods—Remove the pushrods.
Keep them in order, Take o section of
cardboard, and mark o RIGHT and
LEFT for the respective sides and
FRONT o indscate front of engine,
Just punch the lifter end of each
pushirod through the cardboand as you
remove them from front o near

Lifters

If for some reason you intend 1o
reuse the ald lifters, conventional flal
tappet or roller, you must keep them
in order. Also, they must be used with
thet same camhall in the same engtline

Mushioam iifters shown on cutawsy Inline
engine mest be removed fom comshalt side
of their bores doe to larger diamater foal.
This means the camshalt must come out
bodors Eftars can bo removedd.

and each lifter must be instalied on
the same lobe. Addinonally, neves
mstall old hfters on 8 new camshall,
Conversely, new lifters can be
installed on an old camshafi providing
il 1% in pood condition,

To store lifters and keep them in
order, professional engine builders use
lifter trays. These are simply
aluminum plates with two rows of
gight counterbored holes, You can
sccomplish the same thing with 1wo
cgg cartons taped end 1o end and
labeled FRONT. You'll just have four
pockels oo each side you won'l use @i
the case of a V8. For an inling six,
you'll just use one row of 12, If your
lifters are the roller tvpe, store the
guide plites or bars with the lifters.

An engine that's clean inside
shouldn’t present vou with much
troable with removing lifters, Don't
use anything thar will damage the
outer surface of a Lifter. This will
render it useless; Instead, use a
miagnet or small screwdriver o caich
the retining ring groove in the lifter
1. Pull the lifter up and out of s
bore and store 11 in order before
removing the next o,

If varmish buildup around the
bottom end of the lifters makes it o
difficult 10 remove them, spray some
carburetor cleaner on each lifter nd

Expept for two loossly installed bofts, make sure all bead bolts ams removed before you try 1o
break head loges from bloch. Liver off head with broakior bar inserted Inte intake part, ume
block of wood with sluminem heads, Take case not to damage gasket sarface if you wedge
between blook and hosd.

pull ewch one out as far as possible
This may expose the relief that's
midwiay down the Tifier body and give
vou something more substantial o
lever against. Use a screwdriver 1o
bever with. If this doesn’t work you'll
have to push the lifters out the bottom
of their bores. Before you can do this
thomagh you'll have to wail until the
hattom emd and camshaft are out of
the way.

Cylinder Heads

ﬁuw you memove them depends on
whether they are aluminum or cast
on. For aluminom heads, remove the
bolts in the reverse order of their
torque sequence. Doing otherwise
maty result m warped cvlinder heads.
This usually means aliemating from
one end of the head 1o the other
loosening the bolis as vou work
toward the center. As for cast-iron
heads, the Ioosening sequence doesn’t
seem b matler.

Once you have all head bolts oot
you can remove the heads. Before you
dhor this, thowugh, muke sure the enging-
stand neck is secured or the engine Is

blocked up so it won't roll over dus o
the off-cemter weight shifi when one
head is removed. Also, thread two
balts back in each hesd 1wo tums or
a0 18 il safery measure, This will keep
the head from falling off the block
and onto the Boor where sour toes are
when it hreaks loose,

Cylinder heads can be stubborn o
break loose. Unce accomplished
thowgh, the resi of the job s relatively
easy, To break loose a head, first
check For an overhanging corner o
either end of the heatl, 11 you find one,
pry undder the comer with a pry bar o
farge screwdriver, I that's nol an
option, stick a hammer handle or 2x2
block of wood o one of the mtake
ports and lever off the head

Chwe it's broken boose, remove the
two “safety” bolts and 1ift off the
head. Using the same method, remove
the ather head. Mark the hewds with a
center punch or Wrile o i g OF $0ime
tape w0 you'll know whit side it came
off of. If shaft-mounted rockers wre
usedd, loosely anstall them on the head
for mow.

Head

Gaskets—Hefore  yoo
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Manimum hare wear occurs whare lop
semprension ring slogs sl TDC, Unwarn
portion of Bore Som (e to deck surfece s
tha ridge. Remeve |1 before you Mewmve
pistar

proceed further, now s a good fime 1o
make your first inspection. This is
particularly true f & compression or
leak-down test indicated excess
cylinder keakage

Look for discolored areas around
each bore, Gaskets are prone o
‘blow"” between bores and from a
bore a water passage. If a
compression lest of leak-down test
showed two adjacent cylinders 10 be
down on compression, look for the
first, If coolant loss was a problem
ook for the second

Remove Ridges

If you're planning on reusing the
pistons, the ridges—unwom op of
bores—must be removed. If you
don't, there's o good chance you will
damage the ring lands when the rings
caich on the ridges while you push the
pstonis oul the tops of thelr bores

IT your engine bores aren’t worm oo
hadly, vou can probably remove the
carbon buildup on the ridges by
scraping it off with a screwdriver or
gasket scraper and pushing out the
piston-and-rod assemblics with no
damage 1o the peaons. An easy way o
determine this is o ran o fingemuil op
against the bottom of each ridge in
several locations arvund the bore. |f

M

Rmmaning ruige wilh tge mamer This wil slow palon b0 come oul tep of bore withodt dng
hssging up Jnd aamaging rng land. Removing redge s 3 st 1 Foe Bl te reaes peetons

your fingemul caiches on & ridge, it
shoubd be removed.

To remove the ridge. you must have
a ndge reamer. If you can’l bormow
one, rent one from your local 1ol
rental. Run the piston down out of
the way and insent the reamer in the
top of the bore. Expand the reamer
according to the directions that
should've accompanied it. Cut the
rdge only far enough 1o maich the
hone. no more

Oil Pan & Internals

Take these off before you remove
the damper and front cover. Roll over
the engine on your bench or engine
stand, but be prepared for some
coolant ko pour out.

With the pan posnting up and all of
its bolts oo, break the pan loose with
i sharp rap or two against a comer
with o rubber maller. If that doesn’t
work, pry gently under its flange in
severnl locations with a large
screwdriver or pry bar. Don't overdo
it Diston the Mange and the pan may
never seal agam.

Mow that the oil pun is out of the
wary you have @ view of your engine's
botom ench—crankshafl and connect-

ing rods. Youll also see the oil pickup
andd pamp. In rare occasions there
may abso be o windage tray, or ballle,
bocking your view of the rods and
crank.

A few factory high-performance
engines and some thal have been
madified are Nitted with windage
trays. This is nothing more than a
formed section of sheet metal thar fits
tightly to thee bottom of the crankshaft,
Its parposc is to “scrape” oil off the
crank as it rotates and shield il from
otl mist and spruy, thus minkmiring
power loss due 1o oil drag on the
crank and s, Windage trays usually
attach 1o a few of the main bearing
cap holts via studs and nuts or bolts,

First 1w come off the bottom after
the pan is the oil pump and pickep
assembly. Unbolt the pump from the
botom of the block. Some pickups
are also attached W the block, IF that's
the case. unbolt it, too. Lift them out
as an assembly. Sometimes the oil
purmnp driveshaft will come out with
the purnp., IF it didn's lift it out and
store it with the pump and pickup.
If your engine has one, remove the
windage tray. Store it along with its
aftaching hardware.

Dammpor i rermreed by puiling on bofts themsded o inkeaeed portien of darmpes Dan't oee grar
pulies b remares daenger B il pull off suter dasmper Fng. ceralerng dampe wsless

& Front Cover

Tum your attention to the front of
the block snd remonve the water pump
After you've removed the mounting
bols, break the pump loose from s
gasket(s). Do this by bumping the
node of the pump with the butl end of
& hammer harclle, Once i's off, sore
the purnp with it bolts,

MNext on the list is the crankshafi
damper. You'll need o steering wheel
type puller 1o do this job, not a pulley
puller. And definitely don’t attempt o
pey or drive off the damper Thene's a
rubber bord between the outer ring
and inner hub of most dampers thar
will be destroved if you don't use the
right remowval kechnigue.

Mow is o good time 1o use an mpact
wrench. If you dont have one, remove
the mounting bolt from dw crankshaft
nose using a breaker bar snd socket
Keep the crankshaft from torming
counterclockwise by imerting o wood
block between one of the crank's
counterweights and the Mock.

With the damper mountng bolt and
washer removed, reinstall the bolt in
the nose of the crank. This will give
the nose of the puller something 1w

bear against, Fit the puller to the
damper with two or three washers and
halts threaded into the damper b, If
you chon| have the small mandrels for
the center bolt 10 bear agninst, find o
small nut you don't mind ruining
Smenr some grease on the ond of the
cenier bolt and install the mandrel or
nut hetween it and the damper bakt
el

Tighten the puller bolt enough 1o
break loose the damper. I it's
stubborn, whack the end of the puller
bolt with a soft mallet. This should
break i loose. Once broken loose,
turn the damper bolt and draw the
damper off the crank. Once off,
remowe the boll and store it and its
washer with the damper. Some
engines use a spacer behind the
damper. Shde i off the crank nose i
your engine has one.

With the water pump and crank
damper oat of the way, you can
remowe the fromt cover. W cither be
an aluminum Casting or sheet metal,

and break the cover loome from the
block. If there's a timing pointer,
make sure i and the mounting bolts

Wik damped it of the way. fronl cowad san
come off. Locsen cover by lightly Lapping
with @ sl Pralbet Mola desal fhal pua®iens
il et cover (9 Went of biod s

] washers are stored with the front
COwer.

Look for an odl slinger that installs
behind the damper. 11 looks like a
large-diameter, conc-shaped washer,
I your engine uses one, alide the
slinger off the crank nise and store it
with the front cover. This lem manst
be replaced so that ol that lubricases
the terming chain s thrown away from
the front crankshaft seal. If it's not
redalled o I.H‘tl.‘ oil keak may ocour
at the front of your engine,

Chain &
or Gears

Unlesa your engine was modified,
the tuming set will be a chain and 1wo
speockets i its & Veiype engine; if it's
an inline eagine two gears are
frequenty used

In addition to chain versus gear
setups, there are vanous other types of
cam related arrangements, For
imstance, a Buick Vo will have the
dustributor drive gear positioned ahesd
of the cam sprocket on the nose of the
cam. Most others are behind the
number- | bearing joumal built into
the cam. Another vanation s thrust
control, Most camishafts use a thrust

»
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Fae :h:iur-n-mlqm‘ angies, lighies drve
s by teining arank
cledh -u.. pracadure Par
o erclorhwing rotation, Push i on aleck
sl o chain and ees sirsighl sdge ta chech
deflection. Maplace Uimiag sal i chals
dallects rebre than 1.7 inch.

Plate 1o handle this, A few use a thrst
buttoon af the cam nose that botloms
aguinst the backside of the front
cover, (ither engines don't use any
curmshalt thrust Control

Backlash Check—Before
remove the teng set, now i a good
trne to check it for wear. How you do
thes depenids on whether its & chain
and sprocket setup or two gears are
used. Both however invalve checking
for backlash—amply how much the
crankshalt can rotate backwards
before the cam begims o rotale

To check a chain lor excessive
ek bishy there's a shoroul. Rotale the
crank w one side of the chain is tight;
the other sude loose and floppy. Lay a
straightedge aganst the loose side,
push the chain inward and measure
hesse msch it deflects ot its midipoint,
Consider /% in, OK, 14 in. mewrginal
and 1/2 i, junk,

To check a gear dnve tming st for
backlash, you must measure backlash

you

3%

Do this by measuring the clearance
between two meshing teeth. You'll
neexd skinny feeler gaupes for this job
Or you can measure backlash with a
dial indicator. Backlash shouldn't
exceed 0006 i (0,1 5mm). You can
abo use o dial indicator set up o s
plunger is tangent with the dameter
of the big goar and resting againsg the
face of a woth. (You'll need an offset
on the plunger to do this. With the dial
rhcabor set up, motabe the gear away
from the dial indicator and rero the
mdicator. Now, rotite the gear towand
the indicator so all backlash s taken
up, but don't rowate the crank gear
Read backlash directly

Removal—To remove the chain
iype timing sei, remove the cam
sprocket mounting bolt(s ), washer(s)
and, if vour engine has one, the fuel
pump eccentrie. Onoe the boli(s) is
o, work the cam sprocket off the
cam nose by levering against iis
backside with two screwdrivers
Before you move it too far, shide the
crank sprocket forwand a like amount
o keep the chain from banding. Work
the cam and crank sprockets forwand
an equal smound—a litthe of the cam;
a bittle ai the crank—until the cam
sprocket comes off, Set it and the
chain aside and slide the crank
sprocket off. If your engine has one,
the thrust plate should now be
exposed. Remove it and the camshaft
will almost be free 10 come out. In
your notes, record anything special
about throst plate installation.
Examples are hollow mounting boll i
e Jocation or shots on the thinest plate
and, if so, whether they mstall aganst
the block or sprocket.

T remaowve o pear teming sel, rotate
the crankshalt until the sccess holes in
the cam gear align with the thrust
plase bolts. Remove these bolis. This
will free ip the cam so you can pull it
out with the gear. Note: Becouse the
gear is usually pressed on the cam,

Chain hasin' jurmped Uming, bet B st e
from doing so lumped limiag frequently
ocdury when sagias Ricks bBook from
diossiing ar 4 bacufire. sivancing valve snd
hghitan Timing.

Ramove Trmisg Lt by noling spensiets of
tegeier & Wile &l & ivs. Sorewivivers ssed
o shown wsually work, |1 sot, 5 puller an
cam pprochel of Cranh sprockel may be
reauiresd 1a got sprachat Fo s

Before cam can be removed. ifiers must be rmised bn bormes 50 lobes will chear BRems. Do this
by rotating camshaft of loast one complote rovohation. If used, theust plots must coma off to

mmmunmmmmmmmmM|umumm
bolt or screwdeivor at nose of cam willl sarve as o hendis to gulde oul esm. I crankshal was
mmoved, position ock upEids down and support rear of cam with free hond,

you can't remove it while the
camshaft isin the engine. This means
you'll huve o remove the gear with
the camshaft,

To remiove a pressed-on cam gear
you'll have 1o press it off. You'll need
an arbor press or hydrsulic press for
doing this. Don't amempr o drive off
the gear. To remove the crankshaft
gear, use & puller and vwo or three
bolts in the threaded holes of the gear.

Camshaft Removal

If vou weren't able to remove the
lifters earlicr, tum the engine upside
down or on its side and rotate the
crankshaft twice. This motates the cam
once, raising all of the lifters in their
bores. To mate @ chain-driven cam,
loosely install the old sprocket so
you'll have something to grasp for
rotatig the cam.

Be very careful when removing a

camshaft. Banging the lobes of the
cam into the cam bearings will
damage them. 5o if vou plan on
reusing the old cam bearings, be
particukarty careful

To start the cam moving forwand,
nsing a screwdnver or small pry bar,
prv against the backside of a cam lphe
while levering against one of the
bearing webs, Work: the camshaft o
of the fromt of the block. If there's
access, reach mmside the block and
suppon the opposite end of the cam
with your other hand and carefully
work it out of the front of the block.

With the cam out of the way, vou
can remove the lifters. Remember: I
you're planning on reusing them, the
hfters must be wstalled on the same
lobes, This means you must keep
them in order, so store them as
described on page 32

Rods & Pistons

Before yvou start loosening the rod
bodts or muts, check the sides of the
rods and caps o their paning lines for
nambers, I you can't find any that
cosrespond 1o the bores n which the
pistons and rods are insmlled, number
them before vou loosen the rod caps.
Get these caps mixed up and you're
guaranieed 1o have machining
expenses that you otherwise may not
be Faced with,

Numbering—If you have to
number your rods and caps, make
sure you know how your engine's
cylinders are nwmbered, Inline
engines are numbered from front 1o
Tt "i-'-lﬂx- engines vary, Typically,
Ford engines are numbéred in
sequence starting with 1 ol the nght
fromt cvlinder progressing to the rght
rear cylinder and continuing from the
Ieft fromt 1o the left back one. GM,
Chrysler and AMC typically number
their V-type engines with odd
nuenbers on the left and even numbers
on the right. Number | stars s the
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Radly worn iflor oempansd (o now oo, wom
lifter fent wahibits & concave wear patiarm
Littar Toot should e conves—ialsed In
cetiter

Birhure you bnpese fhe mel oaps. chach o see
I the reds and caps ame pumbared. Red
numbers musi eslnclds with eylindar
i

el froil amd pumber 2 suarts ut the
right frosnt, 10 vonn are unceram sl
viinder numbering

Ik i) the Bactory shop mumual, Don'y

VLT EFEEne &
Fliess

Iy number the rods and caps you'll
need & small lull-peen hammer s a
siruill st of number dies o, il vou
don't have wcecess 1o these, a prick
pumch, A& prick panch s nothing mone
than a sl center punch. To mark
with o prick punch, make one punch

38

Litigs amd PMods woar togothed. AN It takos s ir one lobe of & camehall to be worl
ereduslvely fa rogalte mplscement, Save cam, Thoegh. B may b 0N 08 & oo,

mark for cyvlimder ), two marks fod
cylinder 2 Mark each rod and cap
scjacent 1o the parting line on the
thrust side of inline engines and
tovwand the paston s cvlinder bank on
Vevpe englnes, Typically, the thrust
side ix on the right side of a
conventonal rolating engine—on the
left ke of & manne engine

To mark the caps, rotate the crank
uril vou lave access (o the side of a
roed. Alter marking it with the
appropriate number or pocks, rotae
the crank and do the same o the nexl
roid and cap, Continue this until
wind v Dinished :!:i:I'LnIL' all the msls
and caps,

You're oo ready 1o remove (he
rol-aned-piston assemblies. Rotate the
crankshafl so the piston (s a0 BEC for
MAXIIMUm JCCess l1.l||| Can now
remwove The rsls bolis or nuls, Choce
they're off, tap the side of the mod and
cap with a soft maller, This will
loosen the cap, Pull the cap and s
bearing insert off of the bearing
joumal and set them aside. To protect
the bearing journal during rod
remwval, install sleeves over the mod
bolis, Either use the little plastic boots
mde specifically for this of wio shon
sections of rubber hose, | prefer tan
sk amch lengths of fuel line hose, Just

piesh them owver the rosd bolts

T shide the mod wnd piston out of
the 1op of the bore, push agamst the
bt of the piston. A | 2-inch or so
fomg wood 232 wnd p hammer work
well for this, If there's enough acoess
thowugh, tam your hammer aroand
anid, using the head as a handle, push
agminsd the botiom of the pison with
the end of the handle, As you push
ageiinsd the paston with one hand, have
the other one free o calch the plsion
when i paps ol of 15 hore

Before you remove the nexl one, sl
this rod-and-piston assembly aside
and Joosely reinstall the cap with the
bearmg insert halves on the rod. You'll
miake use of the old bearing insens
labesr

Crankshaft

Just s your cid with the connecting
vouds, make sure the makn bearing caps
are marked as 1o their position and
direction before you remove them, I
they aren’t marked, mark them, Skip
thes step and you may not have any
way of determining where the caps
were originally installed. Youll then
have 10 have your Dlock align bored
of Iwned, rage 31

There may be nambers for position
onil mrrows or triangles for onentation,

Use hamsmier handio of wooll dowel to push agalnsd rod o undemside of piston wih one hand
and cateh it with free hamd. Don't ket connecting md bang against boes.

Once all pistons and reds ase out, remeve maln-bearing caps. Chack Arst that thay ams
mumbered. §f not. number caps before you remove bolts. Onoe bolts ore cut, ap on side with
S0 malkat 1o Mea cap from reglater o donkals.

Some manufacturers do this for vou,
others don't

Numbering Caps—>Staring from
the fromt, number the caps 1, 2 and s0
on with number dies or & center punch
in 8 munner a5 vou did with the rods
andd caps, Also, make it ipparent how
each cap s oniented relative 1o the
front of the block, It should he
obvious how the rear main is
positioned and where it goes, but it
may not be with the Iront cap. As for
the main bearing caps in between,
they can usually be installed in any
position and 1807 o,

Mumbering 1o indicate orieniation

can be dome by stamping an amow on
the bottom of (he cap that poanis fo the
fronl. Anocther method s to position
the numbers so they would read m
normal position with the block
standing on its rear face. In other
words, place the numbers so their wops
20 towwand il froo,

Remove the main beaning bolts, 1
vou have a 406 or 427 Ford, cross
holts are used to reinforce the bottom
end. Remove these balts and ther
spascers, After removing euch of these
boles, store the spacers so vou'll know
exactly where they were anginally
installed, They were selectively fitted

1o the caps and block

Afier removing the remainder of the
main bearng bolts, remove the caps.
This is easier said than done if the
cigr are i pood Ushape,” They shoulkd
fit tightly in their registers, making
them dafficule o pull out by hael. 1
they are easy to remove, the cips have
been distorted from being overloaded

such as that caused by detornation

To remove a lightly Tilting cap
imserl the threaded end of two cap
biali= an i Using the bolis as handie,
lever back and forth on them o work

the cap out of its register. I vour

engine is not deep skirted,
on the side of cach cap with « saft

maklet white lifting up on the cap

VML Can Tap

When the cagr breabis loose, set it aside
with its beanng and move on o the
next one. Check to make sure the
bearing
Sometimes they'll stay on 1he
crankshalt bearing jourmnal. 11 6 did

came oul with the cap

remove the bearng half and pun i
back in its cap

Adtér you've removed all mon caps,
carefully lift the crankshaft stratghi v
ofl its bearings and out of the

This is somedimes ¢asier sa

done. The nose of the crankshill i
easy- emuigh to lift, but the flywheet
end doesn’l have much Lo grasp. Al
thiz end, vou'll have to stick a h

or two in the pilol bearing o1
coumterbore

A crankshaft stored ving down may
warp, so stand it on its fAywheel
flange. To keep it from getting
knocked over, wire the crankshaft w o
table fegp or nail driven o 2 wall
stud, Organize the beanngs acconding
ey which main cap amd beanng joumal
they were mated. Join mating halves
with some masking tupe and record
od the wpe which joumnal they were
installed on. These and the rod
bearings can be valuable during
the mspection and reconditioning
stages



Before you discand the connecting
tod or main bearings take a good
look at them; theyll tell you a siory,
Bearing inserts are made from plased
copper lead alloys or lead-based
babbite, both on & ueel shell.

Il your engine had a lot of
accessories mounted on il such as
power steering and air conditioning,
the front top main bearing insert is
likely to be worn more than the
others. This is caused by vertical load

hehis).

This wear is normal because of the
way the crank i3 loaded and shoukd
not be a couse for any concemn. For
the same reason, wear may also show
up on the boltom of the cenler
bearings. particularly ot the wecond
andd third pumals. I the bearings are
copper lead type, a copper color will
show evenly through the tin plating.
This makes i1 easy to distinguish
wear because of the contrasting
color: of the tin wnd copper. As for
the lead-based bearings, it's more
difficult 1o distinguish wear because
of the similar colors of the different

You should be concerned aboul

Mlain cops ond bearings Ind o slosy. I loess I regiolen. chances arn angine
placed on the crunkshaft by the drive -ﬂ“nﬂ.ﬂl—ﬂw““_h-"“-ﬂu'
B af frond inaert DeCause of ugnaand lore imgosssd by acdewsory drive beits.

uneven wear (rom fronl o back on
the wotal circumierence of a bearing
et (lop and bottom), scratches in
the bearing surface and a wiped
bearing surface. The first condition
indicates the bearing journal is
upered, meaning its dinmeter is not
constant from end 1o end, causing
uneven loading and the resulting
umcyen wear, Scratches in the hearing
surface mean foreign material m the
ol passed between the bearing and
crmnkshaft journal. The usual cause
of this is diny oil or debris from
failed pans such as metal chips from
a wiped camahult Jobe, Seriun wear

results when a clogged oil filer s
bypassed, allowing unfiliered diny
oil to pass through the engine. A
wiped hearing surface is usually
cause by oil starvation, When |
lubrication is inadequate, metal-to-
bl contact results,

The cause of all these problems
st e checked and remedied. Also,
sy problem you may find with the
bearings means there may also be
damage 1o the crankshaft.|
Consequently you should pay
particular attention to the crank |
Jourals that had beanng damage o
s i the pournal was alw damaged.

Plugs, Cam Bearings &
Things

Your engine should be free of all
moving parts. What's left are the oil
gallery plugs, com beanngs and rear
plug, core plugs and possably the oil
filter adapter. Remove these parts (o
cimmiplete your teandown

Camshal Bearings—These are
precision mserts that should sssume
their comect siae alier Il'u:'_\ are dnven
into their bores. Also, biaring bores in
the block are machmed on a common
center line, meaning the bearing bores
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whamsider agnirml hearing shall 4o clear beadng bore sa beadmg ineert is driven sul. Some
ergines e e warne sifs baaring inasrts Form Bend 1o ek sl some don 'L

U e dowsd or punsh bo tive b= cerw plug. gresp Sange wilh plars ard bver phug oul of
Sofe e CownSfusn o corm gands i ofe Row weail Conitng Srtfem sad Maitained

should also have & common center
alter they e installed. LU'nfortunately
s sl always the oo

I mewly mstalled cam besnngs are
ok the correct sute of ane misaligoed
the beanngs must be trued or
clearanced by align boring or the
bluing-and-scraping methoxd. Either
method requires the <kill
equipment of an expenenced engine
machimist, So convder this while
you're decidimg whether or not o
remove the cam beagings,

I am devoting more space than
usual 1o the subpect of cam bearings
w0 you'T) nclerstand the importance of
avoiding damage duning teardown
and cleaning of you decude 1o leave
them in place for reuse. Be awiare that
A caustic hot tank solution, so beal for
clesning steel and cast iron, dissolves
aoft metals such as that wied for
bearing material. The good news is
the bearings can be saved and the
Block cleaned if a spray et tank is
meed, if the cleaning sobution is non-
Caust

Remember, camshalt bearmgs wear
50 litle that a normal set could outlast
two or three engine sebukils, O the

and

other hand. if your engine had a
Fallure that resubied in Lrge amouants
of metal chips being circulated
through the lubnication systemn, cam
bearing damage would have
resulted—replace them. So. with
these points n mind, you'll have 1o
decide now whether vou're going 1o
ndlemp o save the bearings or not

If woui are thinking shout remaving
the camshalt beanngs yourself, don’t!
Unless you have an engine machine
shop or access to cam bearing
installagion and remowval equipment
aned the know how 1o uwe it farm ot
this pob

Cam beanng removal tools vary in
sophistication from a varous size
solid mandrels that fie snugly the
bearing 1D to a collet type thu
expands to fit the bearing. Both types
have a shoulder that bears against the
adge of the bearing abell but will clear
the bore in which the bearing is
installed o it's removed. The beanings
e removed wath a drive bar which
cenlers in the mandrel, or by a long
threaded rodd which pulls the mancdre]

Either type of cam bearing
installation/removal tool works fine.

O guilery phugs most Be remosed o ansams
that all patssges are Claaned Wol afways,
b ey ps puags s sed @ back ol
bech and cuptyes phags #f tromi Aemase
pipe plugn el Hest pigh chenry med baines
VIRi TPy reeTar g e,

The importient thing o rememiber s 10

make sure the bearings are mnstalled
square in theawr bores and withowl
damage. I'll take up bearing

mstallation when W' e b do so

Il vims have elecied o remove vour
engine's cam bearings. do 11 pow
Remove the cam plug af the rear of
the block by dnivang il oul, then
remove the beanngs, Drive the plug
out using & long bar sericl teough
the bearings from the front of the
block. Use the bearing mancired s ) and
drnve or pull ot the beanngs

Lane up the beanngs in order of how
they came cul. Inspect them closely
for featwres such as more than one ol
hale, size differences and grooving
differences. MNole these special
Featumes m wour notebook

Core Pluogs—These are usually
cup-type plugs; round with a wide
Mange o the penphery. Remove these
plugs by driving them into the water
jacket and levering them oul. To drive
them ., e i |,|ryr: diameter |'i|.|r!|..h
and a hammer, Pry them outl by
grasping the plug flange with a pair of
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Mty ol serding unilty of olhes Seres Dt may Be dameaged 0 seal off arean fhaat should e saposed 1o ihe Cleaning koeiulion,

water pump plwers, 1 the plugs wene

badly rusted, yvou'll know there was

naullicient antifrecee or rust
reverdalive in the coolant

Wile vousre at o, il core plugs are
astalled in the ovlinder headis)
remaove them aluo

I papee tvpe drain plugs wre istallked
in the water pcket, remove them

(Hl Gallery Plugs—To adequately

clean your block these plugs must

come out, There are two basic [ypes
of o gallery plugs: threaded and cup
type. Your onguse probably uses both
Threaded pipe plugs are typically
used af the rer of a Mock bevause of
the COMOGLAETIC N ol an oul leak aned
thas, their supenor sealing

As for the threaded plug, there are
two types: one has a recessod sguare
of hex head and the other a male
sjuaire drive. Semething these plugs

Do prpe phagin dre gt drece sul aach cug-typs phag with & lorg sisel red nearied vt e oll
ey Aneiher Gglim s 0 @l 8 vl hols I sach pleg. theemd @ shewlmelal sorew vio
P clarmp cntn I with Wies Grigs ard e B out with o pry bar of large sorswiriver

a2

seem 1o have in common s their
difficulty in being removed. If you
can't seem to make any progress by
using a hex or square Allen wrench or
socket extersion of the proper sire,
head the |1l|.|-!h chermry mol=—no more—
and give it another try. IT thes doesn’t
work, don't riak damaging your
engine, Have vour engine machine
shop remove the ol gallery plugs for
you. Remember, these plugs musi
come oul in order for vou 1o do a
thewough cleamnng pob

You can either remove cup-type ail-
gallery plugs by drving them out o
pulling them out. To drive out oil
gallery plugs—the gasiest way o
rernove them—yvoull need o steel nod
that's a few inches longer than the
blick amd 5 small flullph oy it b
the oil gallery. Run the rod through
the oil gallery and sumply drive oul
the plug. To pull them out, drill &
small hole (about /8 inch) in the
center of the plug mnd thread o sheet
mctal screw in the hole. Clamp on the
screw head with Vise Gop style pll:‘r.l
and use a small pry bar or lasge
serewdniver against the plier jaws 10
lever out the plug. @

ajor engine  building
problems usually pecur or
are caused during the
inspection, reconditioning
and assembly stages, So il
vour're fike most people you have vel
1¢  encounter any  problems.
Linforfunately problems don't surface
ungil all of your budgeted money his
been spent and the engine has been
reinstailed and is running. . . or won'l
rum af all.

Bagine building goofs are usually
the resolt of bemng impatient, not
using care nor taking advantage of
readily available mnformation.
Because of this I've attempted to
include information you'll need 1o
mspect and recondition your pashmnd
engine regardless of brand or
configaration. Regardless, vou should
have detailed information on your
engine such as that found in manusls
and spec sheets from the engine
manufactorer or aftermarket parts
supphiers. S0, with the mformation in
this book and specific information
used with an shundance of common
sense, patience and a reasonable
amount of care, your enging should
perform well from the moment it is
started.

To bluzprint your engine—restore il
to specifications within very close
tolerances—you must have the
manufacturers, original engine

Biock is boned with torgue plates dnd maln bearng cope in position to eeam trie Boares are
achigvad. Note Misd usad to cood and wash hores.

builder's or aftermarke: parts
manufacturer’s specs, You must then
inspect each component very closely
1o determine if any or how much
midchinisg of parts replacement must
b o

Mote: Before you make a {inal
determination on replucing engine
parts or machining them, do a
complete inspection job. The reason is
simple: The replscement of a part o
the machiming of it may affect another

compenent or srea of the same pan
With that saad, let's get on with the
jolb

BLOCK CLEANING

One of the most important engine
bmlding jobs yvou do is clean 2ach
component. After you've finished
with cleaning each part, remember
st it becomes equally important that
v keep the parts clean



Camt dron block s sslimanged in ot caustic
solution to clean sxterior surfeces, ol
passages and othes sxposed sreas. Only
stesl and castingn pans can be hot-tanked,
Parts shoaldil be fnssd with clear woler and
rust! pronfed with o wstsr-disparaant ol
imimodiately aflei hol-tanking. Allafmata
mathods are used fof cleaning slumbnum
s

Head Gasket Check

Before you destroy the evidence,
inspect the head gasket(s) lor signs of
combustion and coolamt leaks, A&
coolant keak shows up as mist dreaks
on the block andfor head surfnces
even though one may be alummum.
Black or gray streaks radiating from a
combustion chamber or cylinder
welicate a combsustiie leak

It wou find signs of 0 coolant leak
connecting a cylinder with a coolant
passage, your engine was probably
This is because
combustion chamber pressures over
pressurized the cooling system and
tonced out coodant. On the ather hsnd,
a compression leak vented (o the
atmaosphere or another cylinder will
have shown up only if you performed
a compression or leak-down lest prior
to tearing your engine
Regardless of whether you found s

losing cowmlant

divwn
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leak, diar't fail o check the Block and
head surfaces for warpage or other
imperfections around the suspecied
e

Oine type of leak 10 be pamiculurly
watchful for is & combustion leak
connecting two cylinders, The Block
or @ cylinder head may be nowched—
cut by the buming airffusl misre
Notching ocecurs  when  hot
combustion gases remove metal as
they Mlow back and forth between
cylinders. The effect b similar o the
scthon of an oxyacetylene torch

Aluminum cylinder heads are
particularly susceptible tw notching
Although more prevalent with racing
engines or those used in boats,
notching can plso occur with strect
engines such as those used in tow
vehicles. If a cylinder suffered a
combustion leak, check for notching
after cleaning the headis). Noich
damage can be repaired by welding
and resurfacing the damaged urea,
Although not impossible, welding s
much more difficult and expensive
with cast-uon heads and blocks,

Commercial Cleaning
Methods

How vou clean your hlock can be
done using one or more of several
methods, Whatever vou use, yvou
shioukl include the raditional steam-
cleaning method, 11 you don't own
one of have access @ a sieam cleaner,
take o spray can of degreaser and vour
block, headis) and crankshaft 1o the
locel car wash, Soak the parts with
degreaser  according 1o the
instructions, then spray off the grime,
prease and crud,

The old tried-and-troe method, of
bt tanking with caustic soda remains
very popular with engine rebuilders.
Oither methods have come along (o do
the job, too, These include jet
spruving and dry cleaning

Jet spraying or hol spraying is a

Special attantion (s pakd te oll passages.
Stoam Is wsod also to chean bt holes and
watar packhals

process where the part 10 be cleaned is
placed on o twhie that rotates, As the
block or whitever is rotuted, movable
nozzles spruy o ol solution under
high pressure o the past, resuliing o a
rupidd andd tharough cleaning job

Dy cleaning s slower. 10y done by
placing the part(s) in a cleaning oven
of fTurnisce where it 1s heated lor up o
sin. hours, This bakes the
contaminants, virtually trming them
tor dust, It can then be shaken or
turnbled out of the block or hesd and
discarded.

Except for steam cleaning, the
above methods are commaonly used
commercially, Whatever method you
use though, have as many of your
engzine porty as possibile cleaned ot the
sarme time, This includes the block,
Treuedis), fromt cover, intake manifold,
ofl pan and rocker cover(s). Whatever
methixl you use, concentrate on the
hlock interior, particularly the oil
galleries and bolt holes

0il Galleries

To clean the ofl galleries, hook & rag
on a wire and drag it though the oil
galleries, Many supermarkets sell
nylon coffee-por hrushes thar ane well
suited to this job. Copper-brstle gun
bore brushes work well, 100, Team
this with carburetor cleansr and youll
be able w do an excelbent cleaning job
o The oiling system,

Putty knile will work, bul officisl gesket
sermped & bawl Vol remaving gaskols from
oasl-dron, Les & chemios| rampver, |ndgues
thinmae o sloohol with & plastic scraper e

Fallowing steam cleaning run # Eun-Bore brush throegh ofl galleries to loosen stubb
depoaits, Brusk should M tightly in prasage. W bresh handie is 1ol losyg enough s esch in
opposite end of passage, do ons snd, then fan ek i from opposite ond of ook

Scrape Guskets

Ciet the worst job out of the way by
scraping all of the gasket surfaces,
Use a pasket scraper, o towol
specilically designed Tor dobng this,
Try the job with a patty knife or a
screwdnver, then switch to o gasket
scrapes w0 find out how much caser it
in, Giet some spray-on paskel remiover,
too, You'll save skinned knuckles, a
lost termper and louds of tene

Block surfaces thal need to be
soraped o bare metal ane the deckis),
fromt cover, ol pan, intake manifold
and, possibly, a side or lifier-valley
cover, Don't stop with the block
Scrape the head and exhaust-manifold
pasket surfaces, oo

Chase Threads

Afier you get the block as clean ns
you think vou can get it, chase ihe
threaded holes. Bun o tap the same
shpeandd pitch as the orginal bolt imto
the threaded hale. This will clean it
out all the way 1o the bottom thread,
Thwreading the tap into the hobe shoukd
offer only slightly more resistance
han running in the comrect bolt. Youll
be shocked w0 the amount of debris
you'll extract from the threads, even

ofter you've done o “meticulous” job
of elemung.

Tap 'I':\;h_-,l—-l 3o the thread chasing
with o bolloming tap, 14 a laper L
The bottoming tap cuts a full thresd
of the starting end rather than being
tapered ux is necessary for starting o
new thread

The thread-chasing procedure is
particularly important for bolts that
must be torgeed accurately during
mssembly, The magor ones are those
foar the maim bearing caps and cylinder
hend bolis

avidp sging Embknt anriacey

Clean Coolant
Passages

Alter vou've cleaned head and mun
bearing bolthole threads, turn vour
attention 1o the waler jackets, Remwov
any loose s, deposals o core sl
1’.::; partic alar stientiisn o the
passages connecting the cyhinder head
toy the block. This will ensure good

transfer and coolant flow
hetwoeen (he headis) and Block

A ronmndd Mile works well Tor thas b

heal

bul ke care that vou don't damage
the deck surface(s). A gouge n the

Using cosrect tap, chais sach thesaded hale in bock. Clean freads will hlp s bob) s

tongued covrectly during sssembly, Remove dehbris
ale,

el Bgusd from ol Boles with Compresses

ah



Alinr Johinadn uses oribial samdeds to cloan deck surface of rebs-anging biock, The ohjsct is mot
o remeve mednl, bl o provide cleon surface lor new gaskel. Noto needle-lypn cam bearing in
this RABCAR Mational anglne

wiong plsce can lead 1o a head-gasket
leak. Chive the same treatment 1o the
cylimder headi )

Compressed Air

An indispensable abd for forcing din
ot of hard-1o-reach areas and for
dryving thee biock is compressed air, 1f
you don't have an air compressor, a
ponable air tank with a blow gun will
work nearly s well, You'll jusi have
iy panng i up periodically

Prevent Rust

Controlling moisture becomes an
increasing problem as vou clean more
of the pans. Bearing bore surfaces,
cxlinder bores, valve seats and other
muchined surfaces will rust from
mwisture in the air after old o, grease
and shudge ane removed,

fo protect against rusi, coual
machined surfaces with a water-
dispersant oil immediately after
cleaning or machining. Examples of
such oil 1x WD=40 or CRC. Don't use
motar oil. Rather than dispersing
mosisture, molor ool traps i undemeath
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where i1 can corrode the ¢lean
surface,

BLOCK INSPECTION &
RECONDITIONING

The first reconditioning step is 1o
inspect the block to determine what
musl be done o restore 11 1o 108
crigingl or better condition,

T cho o proper inspection job voull
necd 3-4 or 4-5 inch inside and
outside micromelers, an accurale
straightedge and a set of feeler
guuges. A set of telescoping gauges
will eliminate the need for inside
mikes. You may nod need the
straightedge if the head gaskel
checked out OK, 1T the original gasket
didn’t leak, the new one shouldn't
either providing i's instalied cormectly.
Regurdless, 1 recommend that this
check be made just 1o be on the safe
side even though you may have to
tode your block 1o the machine shop,
This is particularly true if you e
blueprinting vour engine for
maximunm durability or performance.

Check Bore Wear

Cylinder bore wear dictates whather
a4 block needs boring or just honing.
Thig, in wm, also dictales whether
you'll have 1o indall new pistons
no small investment

There ure three common wavs of
checking bore wenr. The hest method
is to use & dial bore gauge, bu
chances are you don't have one of
these, Next is the inside micrometer
ar telescoping gauge and outside
mike, The next to least accurane
micthod involves using a piston rng
and feeler gauges. End gap chunges
with hore wear—maore wear, maong
gop, A quickie way of checking bope
wear involves the use of running a
fingernail up under the ridge in
several locations! Many rebuilders
use this method (o make initial
extimates of bore wear,

Accuracy of the above measuring
methods mnge from very precise 1o
close enough, Don't consider the
fingernail method a mensaring
technigue, though.

Bore Taper—Bores don't wear the
same from top w0 bottom, They wear
considerably more of the extreme top
pearticn of the op mng travel and from
litthe 1o none as the piston goes down
the bore. This varving wear crestes
the so-called raper,

High pressure from combastion is
exerted agninst the hore by the top
compression ring during the power
stroke. This pressure decroases
rapidly during the burning of the
airfTuel mixture as the piston travels
down the bore from TDRC, thus
decrepsing ring-1o-bore pressare and
the resulting wear. In addition, the
bottom of a bore, which mainly
stabilizes the piston, is much berer
lubricated and is lightly boaded by the
piston. This is evidenced by the shiny
(glazed) upper part of a bore; 1he
lowwer surface of 0 bore usually retains
its original crosshaich,

Messuring Taper—Measure bore
taper by comparing the distance
across the bore (diameter) at the
botiom versus that at the top, directly
below the ridge.

Bores not only wear differently
from top 1o bottom, they wesr
unevenly around their circumfierence,
Measure across each bore inline with
the crankshaft, then 90° to the
crankshaft center Hne. Take several
menstrements in between and use the
highest figure a5 maximum bore wear,

You won'l be able to detect this
differenoe in wear when measuring
with ring and feeler pauges; you will
with a dial bore gauge, inside mike or
an outside micromeler and a
telescoping pange, Instead, vou will
be measuring average wear. Don't be
concermned. Your measurements will
be close enough to determine if the
bMock needs to be boned.

Sleeving—0ne exceptlion to this
il is whin one cvlinder is damaged
or wom past the limit, but the others
are OK. In this case, it may be less
expensive (o have that cylinder
sleeved rather than junking a block,
Its also possible that vour rare or
expensive block cannot be bored

Telescoping gaupge is locked o hold plungers in position &t a specific locatlon, hocked In
position, withdiaewn from bore, thes massured with outaide micrometers to deferming bors
size. Subtract unworm bose shre from that having maximam weas to determine taper,

because it's already 1o maximum
OVETSIRE O YOu musl retain o cerlain
bore size. This is & situation where it
may be desirable 1o sleeve all
cvlinders,

Due to umeven wear wround a bore,
measuring may not tell you how
much a cvlinder must be bored 1o
clean it up—expose new metal the
full lengsh of the bore. This is becmse
uncven wear shifls o bore's center ling
in the direction of maximum wear.
Consequently, the bore must be
restored 1o its original center line

Dial bom gauge is used to measure bore wear directly. Typically maximum wesr |8 found
Immediately below Hdge in e with main-bearing bores In end cylinders and 907 o mains for

Here's an extreme exanyple: If 4 bore
is wiorn 0007 i, and 0,005 i, of this
wear is on one side of the cylinder, it
mist be bored (LOLHn. oversize, or
the first avadlabie oversize. 1t's foolish
to bore a block more than necessary,

IMal Bore or Micrometer-
Telescoping Giange—When using a
dial bore gauge or telescoping gaugse
und/for micromeler o measure taper,
measure the point of masimmum wear
immediately below the ridpe. Becawse
wear will be brregulur, take several
megsurements amound the bore o find
maximum wear. Determine taper hy
sebtracting the me:asurement at the
battom of the bore from that o the
top. This is automatically done if
you're using a dial bore saupe—it is
Zeroed it the bottom of the bore,

Ring & Feeler Gauge—Although
an indirect measurement and thenefore
less accurate, you can measure bore
wear with a piston ring and feeler
couge. Compare the difference
between the circumferences of the
worn amd unwom sections of the bore,

Accuracy decreases the more
irregularly o bore 15 wom, However, it
is accurmie enough to determine if
you'll need to bose and install oversise
pistons, ar if you can get by with
cleaning up the original pisions,
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The difierenca in fng end gap from the Bottom of he bom (o thal rmmediatoly beiow (be rdge mwiliglied by 0.30 will Pvs approcireate Laper.
T npess coe b Foal dlivweitdy from chart 0 the ehart, o0 s e dierence between G2 and 01

honing the bore amd |||1r.|1||:|3'._' Phe
s

Iy use the ring-and-lecler method
place a ming in the cylinder and
Measure the
gap with the nng al the bottom of the
howe, then slide the ring up againsd the
batiwm ool the rddge and remwsisure the

compane nog end gaps

gap s ihe s ming, sed oF e
anad make sare i o owguare n the bore
Ky get an accurale reschng

Tor syuare the ring. push it down the
bore with a bare piston—no rings
Meistire the gap with Teeler gauges
Alter
determining end gap differences, e

and record the results
the nearby chart 1o defermine laper
Taper is approcemately 0.3 tmes ring
end gap differerce

How Much Taper Is Too
Much?—To decude hing miuch taper
your engine can nlerate, ask vourself
how many good miles, ran of laps
you expect from it Do you want i@ 1o
g another 10,000, 30,0000 or 100,000
i bes SUHY Laps” The
hattom lime o8 o vou wand i bulld
your engine properly, the bores mist
be straight-—nio taper. Amything less is

all wmaon
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A COMmpromse

If the hores ane excessively tapered,
new rings won’t fix the problem. The
rings, especially the top ones, will
quickly fatigue and lose their
fension—reesibency that provides the
force they exen against the oylinder
Additionally the constant
exvpansion and contraction of the nngs
as they travel up and down the apered

walls

bore wall also accelerate prston ring
land wear, loriher reducing bore
scaling

The story doesn’t get any beller
Because ning end gap must be cormect
al the bottom of a tapered bore, the
gap is greatest af the wp of the bore
where compression and combustion
pressures are highest, Consequently,
there will be further leakage through
the wider-than-desired gap. There's
more: End gap increases with taper as
the miles pile up. So building an
engine with any taper, unbess i's a
“thrashet” s foolish. In this Gise you
can get away with as much as 0.010-
in 0, 254mm taper. I you are using
the ring-and-feeler gaoge method of
meaunng taper. (06 in AL 1 50mm s

the: numvher

IF your obgective s o end up with a
decent rebuild—no more—dont
allow taper to exceed (LI
00, | inm. Remember, bore taper
pets wonse with use, never betier. [t's
still best to sturt your newly baill
engine with straight bores and new
pustons for macimum durability and
perlormance

Piston-to-Bore
Clearance

All of this talk showt whether or nol
10 bore may turn oul (o be purely
academic. The main reason for notl
boring s usually 0 avoid the cost of
new pistons, This is a valid reason
bevause the cost of mew pistons with
rings comes close to the cost of
sleeving a cvlinder. Anather situation
1% where you wish to maintain a
certain bore size because s
necessary or desirable for reasons
mentoned carler

If the pistons are damaged of worm
1o the point of being unusahle, you
must replace them whether the block
needs bored or not. So, to make the

Glaze breaking I3 simply restoring cross-
hudch pottem o Bone surfacs, Flaxtype hene
follows existing bore without removing
significant smosnts of matorial.

final determination. as 1o whether vou
should rebore, check piston-io-hore
clearnee. Refer to page 62 for other
checks 1o make before vou give the
pastons the final O,

Two methods can be used for
checking piston-lo-hore clearance
The first is mathematical. Measure
geross the cylinder bores 90Y w the
crankshaft center line and about 2
in./50mm below the block's deck
surface, Now measune the piston that
goes with that bore, Both should be at
room lempersture—abowt TOF, If the
temperature of these components
differs by much, your measurements
will not be accurate. Take this into
accoant when holding & pision i vour
hand, Body heat wall warm the piston
and cause the alumimum 1o expand,

Generally speaking, piston-to-boge
clesrance varjes sccording to piston
material and engine application:
sireet, streetfsirip, racing . . . For
instance, forged aluminum pisions
require maore clearnce then cast ones.
As for application, a piston for street
use only uses less clearance than a

streetfstrip piston regardless of
migerial. A rece-only piston reguires
even more clearance. For this reason
vou  should uwse the engine
manufacturer's specilications when
vou're using the original pistonz. For
replacement pistons, use the piston
mastifacturer’s specs.

Piston Knurling—1%s 5 a low-
budget engine rebuilding method. 1
don't like piston knurling, [f's sor of
the engine rebuilding equivatent of
repairing a rusted-out body with
mewspaper and plastic fller, Knurling
will work for o short while, but i
won't be bong that you'll be worse off
than before, It just makes a "lined”
engine a little kess “tired,”

Knurling a piston involves mlling o
walle-locking pattern in both skins,
This raises a section of muterial
locally, thus reducing piston-to-bore
clearance, The main reason for
knurling 15 to avoid the cost of
replacing pistons and boring the
block. Don't do it! Replace the pistons
ard bore the Block i piston-to-bore
clearance 15 excessive

Glaze Breaking

If bore taper 15 within Hmits, the
next step is breaking the blaze. Check
the crosshatch pattermn ab the base of
the: bores. This 15 what yvou'll restore
bore fimish w. The purpose of gle
breaking 15 10 mestore & honed finish
for positive nng break-in and sealing,
How coarse the bore finish depends
on which type of ring you're going o
e,

A glaze breaking hone simply
resurfaces the existing bore—it won't
remove taper of change the shape of a
bore in any way. On the other hand. o
precision hone will iry 1o make 4
eylinder round and siraight. Tt also
increises bore sixe and piston-to-hore
clearance—not desimble for glaze
breaking,

If you are going 1o use plain or

Doing 18 the aldfashioped way, honlng by
hand can yield vory good resufts when done
by an aapedenced engise matchinist

chrome rings, this operation s
pecessary, I s optionsl with moly
nngs-—but desirable becouse of the
ring break-in aspect. Again, glaze
breaking i3 nol done 10 remove
mxtterial, =0 & precision hone should
not be wsed, Instead, use a spring-
loaded hone or @ brush-tvpe hone that
follows the existing bore. Before yvou
send vour block off to be bored or
honed, first check for any
irregulaniics on the deck surfice and
in the: main bearing bores

Choosing Piston Ring
Type

When rimges are discussed, it usually
concerns the top ring only. And the
miaterials typically discussed are cast
iron, maoly, chrome or cerammic. But all
top rings are cast iron, either |'I|.:liT!| or
ductibe. The matenal thu's referred to
is the ring facing, or the portion of e
ring that runs against the cylinder
wall, As the saying goes, "Il's whene
the rubber meets the road.” There are
other factors to consider that vou don't
bear much about such as ring widsh,
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Torguéng main bearing cap Bolts in plsce s
eritical Belore haning. Farce hrem bolts
sctunlly dwtoris bores aver so slightly, but
wnosigh b0 show up as uneves bors weer I
caps arm nol in placo dufng aning.

Dach (ietos wre nntabod 1o sheulsle aled
on haads s Wil maks caps, haad Bofts also
disfort bores. Unslihe oybnder heads, deck
Mates allaw scoees 1o aylinder bones for
honing, Croas-hatch by restored b0 Dores In
Trashaning up process betwesn acon,
M amousl of malonal s femoved Beam
e,

twist, tension, facing shape, cross
section and end gap treatment. Bui
these are of little concern unless
vou're building o specialty engine
therwise confine vour nng decidon
process 1o (acing material only.

If the eylinders will be honed but

80

Crows-hatch pattern i particulany impertant i ohroms-teosd fiogs are o be ssed, Strake
spend anel bl fEn Getormines. oroashatch angle. which shoubil b between 20° and 00°.

not bored. use cast iron rings. The
hores must be “perfectly” siraight.
More than OLO00-in, 0.03mm taper
will prevent other ring tvpes from
seating, resulling in excess blowby
and oil consumption. Cast iron pision
rings are very Torgiving when used in
re-ring jobs where the cylinders were
mnily honed. On the other hand, if you
rehone your engine, the choice of fing
material is flexible. You must still
consider varisbies such as initial cosa,
durability, application, fecl used and
conditions under which the engine
will be operated, Let's consider the
first variable-—cout,

If cost 1% a prime concern, use plain
cast iron rings, regardless of bore
condition, Bun if the engine is lor
heavy-duty use such as trailer towing
or other conditions where combustion
chamber temperatures will be high, af
least go to a premium ductile cast iron
in the top proove. It is stronger, mone
fatlgue resistant and can operate
higheer temperanires.

For nearly all other applications, go
with moly or ceramic ductile cast-iron
rings il the bores are straight. Not
only is the facing tough. the plasma
coated, or filled, moly or ceramic
facing is very parous, ennhling the
ring 1o carry most of its lubricating
oil. This means the honed bore can be
smoother since it doexn't have to
supply as much oil w the fings. thus

reducing bore wear and oil
consumption,

1 you'll be operiting your engine in
very dusty conditions such m in desert
off-rond operation, use chrome (aced
of cermmic coated rings. Resistance 1o
abrasive wear is considerably betler
than with moly rings, but the bores
must be perfecily strdght and round.
There are disadvantages lo using
chrome rings: Break-in time is longer
and the ends cannot be filed 1o
increase end gap, Also, chrome rings
should not be used with engines

operated on propane o natral gas,

Main Bearing Bore

To avoeid unequal main bearing
loads from one bearing o the other,
make sure the main bearing-hone Jxis
i straight, It should also be straight i
your block needs to be bored or
decked. This is because the most
accuride machings sel up on the main
bearing saddles. So, i they are not
sccurate, neither will the newly
machined decks or cylinder hares.

To check main bearing bore
alignment you'll need a precision
straightedge or new main bearings
il sowme Prussiien Blue,

To make the check with a
struightedge, remove the bearing caps
andd lay the straighledpe lengihwise in
the bearing snddles. With your feeler
guuges, probe for any gaps between

- material s removed, Otherwise it

- results in the crankshaft being

 ave used ar slack in the timing chain

bearing bore, So what makes the
difference? Mot much if little

can b,
olike

moved up in ithe block. Two
undesirable things happen: Deck
height—disiance from the main
bearing bore o the block deckisi—
maves up, reducing piston deck
clesrance—distance from the top of
the piston to the block deck. This
increases compression @nd reduces

to the comshaft, possibly causing
clearance problems if tnung gears

of a chain-and-sprockel seiup,

the straighiedge and each bearing
bore, A (L -inch (0.254mm) fecler
gauge shouldn't (i, but refer to the
manufacturer's specs o be sure of
which feeler gauge 10 use,

Note: When making this check, the
block should be set upside down on a
bench or the floor, This will prevent
false readings due 1o disscrtion from
the block such as when it's hanging
Troam an engine stand,

Another method of checking
bearing bore alignment is used by
somie engine rebuilders. As described
on the next poge, install new main
bearings, install the crankshaft—it
must be within spec—and check how
it wme. Node: Don’t install the rear
main seal yet, If the crunkshaft spins
freely, assume the pourmals are OK.

Prussian Blue is used with new

bearmgs and a known good
crankshafi using this bearing bore
check suggested by Clevite. Just ns
above, install the bearings in the
block. However, rather than oiling the
bearings, cout the crank bearing
Joumals with Prussian blue, With the
crankshal? in place, the main caps
torqued and the block on its back,
rotaie the crankshaft fwice, Tum the
Block over 1o transfer the weight of
the crank 1o the apposite bearing
halves and again rotate the crank
twice. Remove the bearing caps, lift
out the crankshalt and inspect the
bearings, Al least 34 of the bluing
should have transferred from the
Joumals except sdjacent 1o the bearing
insert parting lines. Thix being the
case, the block v OK, Otherwise,
harve your block align-bored or honed,

Cheok main bearing bore alignment with
precishen siralghtedie ond insisr gouge You
shouldn"t bo ate (o slide mamm then & 0.001
in. (0.030we| uader the straightedgs, I it's
maore, have Block align bored. Drawing
wourery Fedoral Magul,

apioning In bores. Trpical resh wikiss

madn besrings and 00008 i, (0, 02mm) fo

Many engine machine ships use 4
gauge, or a precision round bar
machined 0001 in025mm smaller
than the matn beanng bores. The bar
is installed in place of the cronkshafi
less the bearings and the main caps
are torgued o spec. I the bar tums
with the help of an extension handle,
main hearing bore alignment s O I
it doesnyt, the block needs o be align
baared or honed.
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Choching dech sarfsce with precision staightedge and fesler gauges. | suggost Bmiting
surtace Irsgularitios to 0.004 in. (0.10mm). Chock deck wsrince fram one end (o Uhe other

| to bdnek

weith hiae poaitlonsd soroen ana p

Blodk Deck

If vou lind any problem with the
hlock deck surfaces, it must be
decked—a process where the head
gasket surfnce is mochined MNat end
trwe, This is particularly mporant if
you found signs of head gasket
leakage. If you plan on having
scdcitional machming operations dome
on your bock, such as cvlinder bore
restzng of main- bepning align boning
or honing, have them all done in one
wisil 1o the shop o reduce cost and
save i trip

Another more importanl réason 1o
chieck and comect the block dock now
i thal many engine shops still use the
old and relisble Van Norman type

up arl gown deck

boring bar, This type of boring bar is
moured 10 and locates off of the deck
surface. 5o il a deck is not s o true
ta the main bearing hores, the
remachined bores will also be off

Checking the Deck—To check
deck surface Matness, vou'll need a
precision siraightedge and feeler
gauges, The streighiedge should be
least as long as the deck. Also, the
deck surface(s) must be absolutely
free of all gasket material and nicks
anndd baprs, 1T s et you won'l be able
1o make an accurme check.

To knock small nicks, burrs and
small hits of gasket material off of a
deck surface, run o large Na ke back
and forth on the deck from one end 1o

the other, Position the file diagonally
ncroes the deck while doing this.

To check a deck, position the
straightedge diagonally across hoth
comers of the deck and lengthwise
from side 1o side. Hold o Tight on the
opposite side of the smightedpe rom
which you're viewing it Iff you con'l
s light between the strightedge and
deck, don’t bother checking with
feeler gouges; it's OK. If vou do,
however, check the deck with Teeler
pauges at any location indicating a
g and comgire 1 1o specifications,

How flat a deck should be depends
on the infended engine application
and what type of gasket wall be used,
For instance o competition
wrbocharged engine with its high
combustion chamber pressures and
severe opersting conditions should
have a "perfectly” flat deck. Although
achieving o perfect surfoce s
impossible 1o get, you shouldn't be
able o see any light passing between
a precision strdghiedge and the deck
let alone being whle to £ a (U000 -k,
feeler gnuge hetween the deck and
straightedge

For most other applications, set
maximum deck surface [Matness
between 0002 in A 0L08mm and 0,004
in AL 1 Omm. Also, the shorer the deck
the tighter the tolerunce. For examiple,
un inline-six cyvlinder deck will
toderate less fainess than thet of a VB,

deck surface parallel 1o the main

important reason the block should hive an accurate midn

mmﬂuﬂn-ﬁmuﬂm
a Vetype engine, Mcﬁi&hﬁﬂhﬂh“”

Hymnbﬂﬂ;nmad}'mﬂﬂﬁihﬂmﬂﬂﬂ

However, make sure the above
tolerance agrees with specs
recommended by the car
munufacturer or, preferably, the head
paskel manufacturer. In addition 1o
flatness, also note the desired finish.
Some manufaciurers specifly a surface
that is rough enough (o catch your
fingemail on, This is so the gasket
will hove something on which 1o grp
a5 it is clamped between the block ad
head, Howewver, because other
manufacturers specify a much
smoather finish, read the instructions
that accompany the gasket set.

DPon't remove any more material
than necessary from & block deck—
Just enough 1o clean up and true the
head gasker surface. The reason for
this &5 a practical one. High octane
gasoline 15 just about non-existent,
Mutenial removed {rom a block's deck
surface has the-same effect on
compression as if it were removed
from & cylinder hesd—compression
mtio increases, In addition, piston-to-
deek clewrance is reduced,

Finally, if you find that one deck
surface of 8 V-iype engine is oul of
spec, hoth surfaces must be decked.
This is 5o that both cylinder banks
will end up with the same deck
heighr—distance from the main
bearing bore center line to the deck.

Crack Testing

You can use one or more of several
crack-checking methods depending
on the material being checked.
Repordless of which method vou use,
the part being checked must be clean.

One of the better known crack
checking methods is Magnafluxing,
The most common but unofficial
method of crack testing though is
using the wnassisted naked eve,
making it the cheapest but least
reliable method of crack checking,
Other methods include using o dye
penetrate and pressure testing. Let's

This angine axpodenced catastrophic fallure @t high rpm as evidoncad by brokon connecting
rodd smd blus beading jowrmal. A crankshaft st be Inspected for jourmnal damage, cracks and

sirsighineds belforo {"s doclemsd DK for rouse,

first look at Magnafluxing.

Magnafluxing—This magnetic
particle method of crack testing can
only be used on ferrous-based
muterids, or iron and sieel. To make
the check, the suspected area is dusted
with tron particles, MNext, the arca is
magnetized with an electromagpet, [f
the poles of the magnet bridge a
crack, the iron particles gather abong it
when the magnet is tumed on, thus
revealing the crack. I no crack is
revealed, the magnet is umed H° so
the magnet aligns with any crack.
Highlight any crack with white chalk
50 you'll be able to find it later,

Magnaflucing 15 also used 1w check
iron or steel crankshafts, cast-iron
cylinder heads, connecting rods and
rod bolis.

Dye Penetrate—To use this crack-
checking method, the suspect anea is
first sproyed with non-drying red dye
peneteate, Nexl. the arca is cleaned
with salvent and allowed 1o dry,
leaving only the dve in any cracks.
For the last step, o white developer is
sprayed over the same area, If a crack
exists, it will show up as a bright red
line as the dye in the crack bleeds
through the white developer.

Ancther method also uses a dye, but

rather than spraying the aren with
developer a black light is used o
highlight any cracks.

CRANKSHAFT CLEANING
& INSPECTION

Every part of an engine iz dedicated
to turning the crankshafi. This

Dve penofrate & applied t0 aren that's being
chl-:lml for trm:h aftar s thoroughly

i. After cloaning agsin, develops: s
sprayed on prea. Cracks ahow ep 86 jagged
red lines ps dye bleads through fat-white
dhevaloper.
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Charnpesr Bodl in noss of Crankehsl inessnsd
resciting In heymay being Rarmmered el of
shaps, Crankahaft may be repaired by

waldiag and
may b lasa @1 pansive

includes applying forces 1o the
crankshaft, supporting i and
lubricating i, Because of its
importance and the loads imposed on
i, a crankahalt s a very tough, hagh-
guality component. As a result, it's
rare thuet & crankshaft cannot be reused
for a rebuild. They very rarely wear o
the point of having 1o be replaced
What usually happens is the journals
are damaged from a lack of
lubrication o from poor lubnicstion—
wsually i the foem of very dinty oil.
This happens when the oil filler gets
clogged wath dirt that is bypessed

The one thing most responsible for
rendening o crankshaft uscless is
mechanical damage. This is usually
caused by another component
breaking—such as a rod bolt, The
sight of such damage can make one
sick 1o his momach. If an engine isn't
shut off immediately or if such
breakage occurs st high rpm, the
crank and block are usoally dumaged
beyond repair,

Bearing Journals

The most important crankshaft
inspection job involves making sure
the main and rod bearing journals are
round, don’t vary in diameler over
their lengths and are free of cracks,

B4

gouges and prooves.  All
imperfections can be repained except
for one: A cracked crmkahafl must be
replaced. There's no satisfactiory
method of repairing such damage,

The best way 10 check & crank for
cracks is by Magnafluxing; a good
second choice is dye penctrate. Your
last option Is visual inspection. Dot
depend on i, The cosi of
Magnafluxing or using dye penetrate
is mimimal. Remember—a broken
crank will destroy your engine.

If & beanng joumal is oval or egg
shaped, i s sadd (o be owr-of -rownd.
This condition is mone prevalent with
rod journals than main bearing
jourmals because of their loading. If a
bearing-journal diameter gradually
gets smaller from one end o the other,
it is fapered,

Fimally, the joumals should be free
from any projections raised by burm,
nicks or scoring that could damage
bearings. Dont pet excited by o small
groove in a bearing journal. I0's not
going 0 hunt anything as long as the
journal is OK in all other respects.
Pay special stiention 1o the edge of
each oil hole in the rod and main
journals. Sharp edges protruding
above a journal surface can cul
grooves in the beanngs, wrecking the
bearing and spoiling your rebuild,
El:minate any sharp edges by working
the edge with the appropriate needie
fike or a very small round file,

Surface Finlsh—Look at the
journals must be reground—
regardless of taper or out-of-
mundness. Your sense of feel is better
than your eyesight in judging joumal
smoothness, 20 run the end of a
fingernail over the length of cach
journal. If it feels rough and your
fingemail catches on the imegularities,
it is oo ough. As a final check. dmg
the edge of a penny over the length of
each bearing journal. I it beaves a line

of copper, the joumal is oo rough.
Regrinding—I you find a rough
hearing journal, a regrind job is in
order. If you're in luck, the standard
0000, 00X or (LOBD n. (025, 050
or (1.75mm) regrind job will clean up
all of the main or rod bearing
journals, | say surfaces because if one
Journal is ground undersize, all rod or
main journals should be ground the
same. You don’l want one odd-size
bearing because beanngs are sold in
sets, The acklitional cost of machining
all main or rod joumals s shight as the
major cost s in the initial soup.
Therefore, if 0010 in. is removed
from the standard bearing journal,
0.010-in. wndersize bearings are
required, Undersize refers (o &
wanation from the standard bearing
journal diameter. Example: If the
standard diameter for a crankshalt's
main pournals is 2450 in. and they ane
ground to 2.440 in., the crank is
0.010-in. undersize on the mains—

0 0eim. mmabersize main bearings ang
used

Thrust Faces—While you're
checking bearing journals, look
carefully at the crankshafl thrust
fisces. Thev're usually on the center or
rear maiin, Be partacularly atientive if
your engine wus backed up by a
manual transmission snd o stiff chuch
was wsed, The thrust Joads from the
cluich being released forces the
crankshaft forward with great force
which musi be resisted by the rear
thrust face of the crank. A standard
clutch can also cause thrust-face
wear. If the thrust load is constant
because of improper clutch-linkage
sdjustment—no clutch-pedal free
play—encessive crankshaft thrast
surface wear can result,

Check cronkshafi thrust surfaces by
measunng the distance between the
two surfaces, of make the check by
installing the crank in the block on
new bearings, page 120. To make
direct measurements you'll need a
telescoping gauge and a 1-2-in.
outside mike or youll need a bearing
insént, fecler gauges and the 1-2-in,
micrometer. You'll need the factory
speciflication for thrust widih for
making both measurements. If
maximum end play 15 exceeded, youll
have 1o replace the crankshaft or have
it peconalitioned.

.. Dut-of-Rownd—To check for ou-
of-round of tpened joumals, vou nead
an outside micrometer that brackets
journal diameter. For instance a
2.500-in. journal will reqquire a 2-3-in.
mike and an idea of what you're
looking for. If a bearing journal is
round, as it should be, it will be
described by a diameter. This
diameter can be read directly from
your micromeler al any location
wround the journal. If it is out-of-
tound, or egg shaped, you will be
looking for the major and minor
dimmeters of an ellipse. These can be
found by measuring around the
journal in several locations. Major

Front thepw n messured fir oul-of-soumdness  Comparn meassuremeets mafe 97 Lo ook atfee

n e same ploss. | The 1o keep differences b

thess twe oty lsas han

0001 in |0 D) berturs regrinding crankahaft. Msssars o bearing joumas.

(large) and minor  (small)
measurements occur about W from
each other. The difference between
the two messurements is the poumeal’s
oat-of-round, or; Major Diameter -
Mimor Dhamecter = Oyt-of - Round.

Stan by measuring the coanecting-
rod journals when doing your
checking. They're the most likely o
sufer from an out-of -round condition.
Connecting rod jowmnals are highly
loaded a1 TDC with o decreasing load
as the crank swings toward BDC.
With this in mind, check cach joumal
in ot least two locations fore and aft
on the jowrmal. Typically, maximum
allowable out-of-round is 00013
UG 7mm. This is OK if you don't
expect maximum life  and
performance from your engine. Bui if
you wanl a top-notch engine building
job, a 00,0004 jn 0.0Imm out-of-
rourd limit is desirble. Remember, if
you find one journal out of spec, all
crankshaft rod or main bearing
joumals should be reground.

Taper—Bearing journal taper
causes uneven bearing wear more
than if the joumal wis out-of-round,
This 15 becmne loads over the length
of the beanng are nol disinibuted
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Heaing [ensl Lager scours when joumal
dismatar i wom mors frem one el fe s
dthat Check lor Laper by messuring lapar
aborg lmregir o pmaral

evenly, I concentrates its load on the
ERd Worn sechion, or al its I,I'r].::'\.l
dhameter where ol clearance i keast

Taper is apecified in 80 many
thousandths of an inch per inch
thundredths of a millimeter per
millimeter) of journal length. This
meéans :l.u|.|r micrometer "{',Iijll'lF'l
showold nol exceed this amouni
between readings taken one inch or
one millimeter apart from each other
in the same plane—the mike s moved
straight along the journal being
meeasured and < ol rotated

If vou're butlding a "new” engine,
don't accept more than 0.0003
inSin 0007 mm/mm of laper on
main  of rod bearing journals
However, il you're just irying 1o
squecee ol a few more miles from
your engine, 0.0012 in.fin., or
QOA0mm/mm of tper is maximum.
Remember, if one journal ix nol
within spec, all other rod or main
Jourmals showld be reground the same
umdersire s well

Crank Kils—I1f vou need o regrind
your crankshaft, consder trading ‘B in
for & crank kit, The problem may be
you'll be getting someone clse's
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reground crankshaft. If your engine
doesn’t have & special crank or & rare
ong, this shouldn't be a problem.
Orhervise don't risk losing your crank
and have it reworked at a machine
shop

A crank kit consists of a freshly
reground or recondiboned crankshaft
and new main and connecting-rod
bearings. Consider taking this
approach rather than having your
crank reground and buying new
bearings. You'll end up saving some
maney, Just make sure that good-
quality bearings come with the crank
kit before vou make o final decision

Chedks

Check your crankshaft carcfully if
viul've hewld it reground—aoe if it came
fromm the kit. The factory spends a lot
of nme on quality control because
mastakes do occur, so don't skip
rechecking the crank alter it's been
reground,

Other than joumal diameter, two
probilems o look for are sharp edges
around the ol holes and too small or
large fillct radi at both ends of each
bearing poumal where it blends nto a
throw o counterweight. All oil holes
should be chamfered—edges
broken—io prevent beanng damage.
As for the fitlet, it should go
completely around each journal
where the journal mects the throw, IF
there s o sharp comer miher than a
radbus, i s a likely place for & fatigue
crack to star. A radies that's oo large
is great for crankshaft strength, but
bad mews for the beating. The large
radivs will couse the beanng o cdge
ride. —the filler will extend under the
end of the bearing, causing a rero
clearance condition and contact the
edge of the bearing,

Smooth & Clean Surfaces?—A
mewly reground crenkshaft should've
had its heaning journals polished. 1f
you're in doubt, use the penny irick by

dragging a penny the length of a
journal. If it leaves a trail of copper,
the journal is oo rough. IT it is,
smooth the joamals yoursell rther
than going through the hassle of
getting it redone. Also, if your
origingl crankshaft checks oul 0K in
all depariments, give it the same
treatmenil

Use narmow strips of crocus cloth o
do the polishing. You can pick up
crocus cloth st & hardware or aulo
parts store, It comes in long narmow
strips, IF ir's wider than | in.. sear it
lengthwise o make it o,

Position your crankshall so i won'l
roll around, then koop the crocus cloth
completely around a joumal then back
on itself. If vou want to get fancy, cut
the strip long enoagh 1o it @ round the
powrnal and secure the loose end with
masking tape. To rotate the cloth strip,
wrap it two of three tmes with a 3.
length of cotton rope. Whichever way
you chouse 1o do i, grasp each end of
the cloth or rope and work evenly
arcarnd the jowmal from one end to the

Chech runout with dlal Indicator as cramkahaft |s rototed on front and rear bearing Inserts.
Position Indlcator o tip deesnt interfare with oll hobe, Total imtrument eadng shauld not
axcoad 0,0040 in, (0. 10mim).

other until you end up where yoo
started using light consisient pressire,
[on't stay in one spot (oo long so
material removal will be minimal.
The object isn1 to remove material,
but to give the journals a clean,
smiooth surface,

Polish the oil seal surface, w00, But
rather than putting a bright polishi on
this surface, it st have some toth
tio carry oil much in the sime manner
a5 the cross-hatch in a cylinder wall,
This will help lubricate the seal,
increasing its life and improving
sealing.

Crankshaft Runout

Runout describes how much a

_ﬂ'mkshuflisthIl'ﬂ determined by
rotaling the crank between Iwo
cemers and reading runout at the
center main bearing journal with a
dial indicator, As you rotate the
crankshaft, indicator reading will
change if the crank is bent.

To do a runowt check, you'll need a
disl indicator with a tip extension and
a Way 1o mount the indicator, A
magnetic-base mount works fine. The
tip extension allows you to position
the indicator so 4 crank throw won't
hil the dial assembly as you rotate the
crankshafl. You'll also need two V-
blocks or two main bearing inseris—
old ones will do—and the engine

block.

Start your runout check by seiting
the crank on the Y-hlocks of beanings
in the Mock under the front and rear
mains. Mount the mdicator base 1o the
hlock with the indicator positioned so
the plunger s 907 to the joumal. Don’t
forget the oil hole. The indicator
should he positioned so it clears thie
indicator tip as you rotale the crank,

Rotate the crankshaft untal vou find
the lowest indicated reading, then zero
the dinl. Rote the crank again until
indicator reading is maximum. Read
runoul directly, To double-check your
reading, tum the crank & few morne
times andd look for wero and maximum
readings,

Total indicator reading (TIR) is
found when using a dial indicator,
Actual runcut, or bend, is hall TIR.
Therefore, Runout = TIR — 2. Hold
runout to 0,003% 0 /0. 10mm, or
00078 in. 0. 20mm TIR. For best
results don't let it exceed 0.0020
in0.05mm, or 0,0040 in /0.1 0mm
TIR. If runcut readings excesd the
maximum, have your crank reground
or trade it in for a crank kit

If your crank yields a runout greater
than desired, Iry this. A crank may
warp for one reason or another such
as storing i incomectly, You may be
able o correct this by installing the
crank in the biock. Rotate the crank 5o

its g of maximum ol i away
from the biock, or up with the hlock
on its back, With only half of the
cemfet boaning insert in the cop, install
ihe cap and tomue its balis, Leave the
assembly for two days or so0 and
TEITEES LTS TUnout,

If mumout 15 now within limits, great
If mot, revert to: machining or a crank
kit. Of if you prefer to keep the
original crankshali, find a shop that
uses the hammer technigue (o
sirsighten cranks. A blunt chizel
placed m a fitber area and struck with
a hammer does the soraightening! This
job is for experts, not the local
blacksmith, If vou live in a big ey,
you'll have an essier time of finding
such 2 person, Otherwise you may
have 1o ship your crank away (or this
service, Above all, don't allow anyone
1o use 4 hydmolic press to do the
straightening job, It will straighten
worr crank, bal it may also crack it

Installation Checking Method—
To do a real-world crankshuft bend
check, install the crank in the block on
oiled new bearmgs, Torque the caps 1o
specilication. IF the crankshafl can be
rodated Freely by hamd—ao binding—
consiher it OR. Any loads induced by
whial runoat there 15 wall be mimmal
compared to the inerial and power
producing loads nomally applied w
the journals and bearings when the
engine 15 running. | suggest this
methed of checking bhecause
crankshaft runowt wsually isn't a
probiem with a "nired" engine that just
needs a rebuald. IF you decide to use
this approach, follow the proceduore
for crankshalt installation, page 122,

Journal Hardness

Some hewvy-duty crankshafts have
been hardened by Tuftriding or
nitriding—chemical processes tha
introduce mitrogen into the surface al
about 1000°F. Enher process
increases resistance 1o fatigue and
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ARpiugh somewhil cnste. one way (8 cheok
erankshnft i to (metsll H in Mook on olled
issnrings. If il spias frenly s you don'l fesl
any movemeant as yeu try te I neaees of
cimnhahafl ip and disan, i should be O

makes hardened journal surfaces
thicker o a depth of less than 0.001
in/D.025mm, giving them o much
higher wear resistance, Consider
having your crankshuft hardensd if
muimum durabiity i a prorty and
dost 1% nol & major consideration
Check with your machinist on this
ane

T chiwk a crankshalt Tor surface
hardening, file a non-hearing surface
such as the nose of the crank. If it
hasn't been hardened, the file should
cul emsily. If your crank has undersize
journals, i's possible that it was
twrmed down and not rehardened, [f
you suspect this, carefully file a
joumal immediately adjscent 1o an ol
hole with the edge of a small file.
Again, i i cuts easily, the journal
surface jsn't lsndened

Final Cleaning

Mow that crankshalt reconditioning
is complete, make sure iU's ¢lean,
Even if you had the crank hot-tanked,
clean out those ol passages, Make
sure they are perfectly clean, Do this
by pulling a solvent or lacquer
thinner soaked piece of cloth through
the oil holes with o wine,
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A nylon coffee pot brush or a small
gun-bore brush works great for
cleaning crankshafl oil passages. If
you used one 1o clean the block odl
galleries, it will work fine, Consider
this a necessary step because even a
het tank or pot spray won’t get all the
crud off of or out of a part. To fnish
up, use o sl brivtle brush and solvent
on the throws and counterweights if
they look diny. Finish by wiping with
uaper towels

Trean the crankshaft with o conting
of must-preventative ail, Muke sure the
bearing purnals are well covered,
Unbess if's 1o be used with a manisl
transmission, you can slip your
engine-ready crank into o plastic trash
bug and store o owl of the way. If o
manual transmission is 10 be wed,
youl hurve one mone jpob,

Pilot Bushing or
Bearing

Crankshafts used with a manual
trarsmission have a pilot bushing or
hearing installed in the center of the
Nywheel-mounting Mange, This is
used o support the nose of the
transmission clutch shaft, ar input
shafi.

Bushings are sold oil-impregnated
sinfered-hronge discy with a hole in
the center, Bearings are usually the
negdle  iype, however some
installations use sealed ball bearings.
IF your crank wos wsed with 8 manual
transmission, W have a bushing o
Pearing: i1 it's 4 new or reconditioned
crankshaft, it won't have either,

Crankshafts used with automatic
fransmissions won't have a bushing or
bearing. So make sure there's neither
il vou're going to use an automatic
behind your engine, Remove the
Pushing or bearing, Continue reading
1o clestermine hivw 1o do this.

I your cronk is equipped with o
bushing, visually check its bare for
damage. Il you have an nold

transmission input shaft, insert it inlo
the bushing and check for side play, If
there is noliceable movement o you
have the leasi doubt, replace the
bushing, The same goes for a bearing,
I you have any doubts aboul jts
condition or it i & high-mileage item,
replace il

Bushings/bearings can be removed
with & slide hammer. The slide
hammer jaws reach inslde the bore
and hook agamst the back of the
bushing/bearing. A heavy shide is
impacied against the slide hammer
handle 1o knock the bushing/hearng
free from its bore,

Sl bushings can be removed with
the hydraulic method if yao don't
have o slide hammer, St by filling
the bushing bore und cavity in the
crank behind the bushing with grease.
Poke it in real good, making sure it's
all gresse and no air, Note how deep
the bushing is installed in the
crankshafl.

Insert a snug-fitting dowel ar the
nose of an old inpat shalt into the
bushing bare, then drive it in with &
heavy hammer, This will pressurize
the grease and push out the bushing,
Adier the bushing is out, remove il of
the grease except for a light film on
the sides of the bare,

Bushing Installation—To insall
the new bushing, find a shory rownd
section of soft metal such oy
aluminum or brass that has a slightly
smaller OD than the bushing. Use this
as & driver between your hammer and
the bushing, O, il vou have o hrass
hammer, use 4 deep socket as the
driver i yvou don't mind hammering

et il

Position the bushing squarely over
its bore in the crankshal and begin
driving W in. Ciet it stared with light
blows, making sure it doesn’t gel
cockied in the bore. I it does. remive
the bushing and start over. Once
started straight, drive the bushing in fo

if used with manual transmissions, install
pilet baaring. Drive plot bushag of Boasng in
with harmmer and hollow punch, if bearing is
used, make sure panch seats agsnst outside
FBCH By,

the same depth as was the old
bushing.

Bearing Installation—Install o
pilot bearing just as you would a
bushing. If it's & needle bearing, it
won't have an immer tace but 1t wall
have a cage to retain the needles. In
the case of o ball bearing, i1l have
inmer race, an outer race and 4 seal. In
both cases, make sure the driver bears

.against the outer bearing race only =0

vou don'l destroy the bearing
ussembly, Also, make sure the seal s
installed so it will be toward the
transmission, not the engine.

A camshaft lobe controls valve
opening: how soon, how fast, how far
and how long the valve apens.
Although it rotates at only half
cramkshaft speed, & camshaft used
with conventional lifters—fla
lappels—is more prone to wear.
Camshafis used with rolier lifters are
mre durable.

Camshaft lobes are subject to
extremely high contact pressures at
the lifters. This is particularly frue
with high-performance or racing
cams. These "see” even higher loads
because of high lifts, sold lifters, high
spring pressurcs and high operating
specds.

Unlike a crankshaft, once a cam
lobe or lifier stans wearing, it's not
long before the lobe and lifier are
"gome.” This 15 especially true with
conventional lifters where there's a
wiping action of the lobe aguinst the
lifter fool. 5o give your old camshaft
and lifters a very close look before
deciding to reuse them.

Two hard and fast rules apply to
camshaft and lifier usage:

1. When reusing a camshafi and its
lifters, the lifters must be installed in
their eriginal order. What this says is
the lifters must be mstalled on the
same lobes, or in the same lifter bores.
Coution: In the case of a roller Lifter,
the lifters must be installed so they
roll in the same direction as they did
onginally,

2. Never install used lifters on s new
camshaft. If you think the old lifters
look good enough to rease, think
again. They can't be pood enough (o
reuss, However, it's OK o use new
lifters on o used camshaft providing
the lobes e in good shape.

[n addition (o the above rules, 1 also
recommend that vou only install o
used but good cam and its lifters in
the engine in which they were
onginally installed. In another engine,
the lifter bores will nod be in the exact
relationships to their cam lobes as
they were in the original engine. This
woutld have the same effect as mixing
up the lifters: wiped cam lobes,

Cam Lobe & Lifter
Terms

Before you inspect your camshifi,
you should have a basic

“— BASE CHHCLE

Visun! inspection of fat-tappel Witars and
cam lobes will toll you wisether thay shouskd

be replaced, W wear pattern in ful width of
com lobe ovor of Lo ares and Bter feol i

worn flat or concave, camshalt and [iftars
mand rapiacing.

understanding of camshaft and lifter
terminology. You should also
understursd a little abowl cam and lifier
design and the reasons for these
designs,

As shown in the sketch, the fwo
major sections of a cam lobe are the
toe and the heel. The roe is the point
an the lobe contacted by the lifter
when the valve is at masimuom L te
heel 15 direcly opposite the e, of the
lohe-to-lifier contact point when the
vadve 15 closed. The heel 1 described
by a radius—the base circle—swung
off the axis of the camshafi. The
transition areas of the lobe during
valve opening snd closing between
the toe nd heel are called the opering
ramp and clasing ramp, respectively.

Flat-Tappet Lifters—These are not
really flat—the portion that runs
against the cam lobe is actually
comvex. The lifter<to-lobe contact
area, or foot, has a large spherical
mdius. Additionally, the lobe of a flai-
tappet cam is not square as viewed
from the side, bat is tapered. This
taper, the spherical lifter foot and an
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ofl-center lobe-to-lifter contaci
combine 0 minimire lobe and Lifier
wear by rotating the lifter in s bore
This rotation constantly exposes a
new lifter wipe area to the lobe; the
spherical lifter fool ensures minimum
contact arca between the lobe and
lifber

Roller Lifters—These lilters are
tre to their name. Rather than having
a "Mat” foot, a roller that rotales on
necdic bearings is placed st the lifier
oot to reduce friction and wear. This
also allows for a more radical lobe
design, thus allowing the engine to
produce mone horsepower than would
be possible with a flat-tappet cam

Note: Special Nat-tappel cams
called mushroom tappets are
avaklable. They ane capable of nadical
lobe designs similar to those used
with roller lifiers, however they still
retain the high Enction and wear of the
conventional Mast-lappet fifter.

A roller lifter s longer and it must
be centered on the cam lobe, Also, the
lobe is not tapered, bul square. To
prevent catastrophuc lifter wear from
the moller "skidding” sideways on the
lobe, the lifter is prevented from
rotating in its bore by a link, bar or
guide plate attached 10 the adjscent
lifter o the block.
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Il you insist on irying 1o reuse the
old camshalft, let's see if it and the
lifters are serviceable. Every
camylifier inspection starts with the
cam. IF it's bad, you must replace both
the cam and lifters regoediess of ifter
condition. Remember the second nile;
never install used lifters on o new
camshaft.

If you checked valve lift with a dial
indicator, there is no noed 1o check
lobe Lift now, Check back to your
notes 1o see which if any lobes are
wom. Remember, o be accurate you
should ve measured with a dial
indicator ot the end of a pushrod. If
you didn't measare the cam lobes

Bollnr Wfer poir amd tie bae: Chach roilar
swrface for wair sl roller as you would 8
Bearing. Hetsis miler s fem ke g
W pond e o0 bmed Ay dawnage Peplace ifter

before, do it pow, You'll need a pair of
dial calipers or a micrometer o
measure lobe lift.

_ Measuring Lobes—Measunng the
lobes is & companson check, one lobe
versus another. Unlike the check in
the diagnosis chapicr, the purpose
here is o compane relative lobe wear,
nod lifl. Because cam lobes wear ol &
rapid ate once they star wearing, you
should have liftle rouble pinpomting
& bad lobe.

Mote the wear paftem on each lobe,
particularly al the toe. In the case of
flal-cappet cam, if wear has exiended
from one side of the toe o the other
and well down on both ramp arcas,
the cam has seen better days and

Lote WP beirg reasire with v caigens. Mindaurs SCrons Dese Gl [hen scruss boel
o ten. Oifissance b8 Droas iabs BN Messsrement o st sccurste with Righ performancs
e B reg Areas woband Too R arourd e, 1B affecting realing

Mont scourats way of mmaring iohe WM i with dial Fdicatar on lotm indicster W fermed
whas Bfier | 00 bole Dase Circle, then read o jole B when rosdle dhaws highoe ! sl ated
reming ss cam ls mtsbed Nots bk fying rliar Bierm togothar

should be replaced. The same goes for
piming. Any pitting on & lobe surface,
flat tappet or roller indicates metal
loss which will probably show up on
it mating lifter. A full-width wear
pattern of pitting on a lobe surface
indicates the camshaft and lifters
should be replaced. If the cam appears
to 'be OK, measure it. Use dial
calipers or a micnencter

Take the fire measurement across
the lobe, halfway betwoen its heel and
toe; this is the minor dimension. (On a
mild camshaft it will also be the base
circle diameter.) Then measure the
-major dimension on the same side
from the heel to the toe as shown.
Both measurements shoubd be mude
o the points of maximum visible wear
mnd the same distance from the same
edge of the lobe, Now sabtract the
minor dimension from the major
dimension 10 getl approvimate lobe
K.

You can’t depend on ihese
measurements to reflect lobe Lift
accurmtely, particularly with a high
performance cam. This is primarily
because you'll be measuring ncross
the ends of the clearmnce ramps—
transitions between the base circle and

the opening and closing ramps. The

reading you gel will be greater than
the beme circle diameter. As o result,
jobe lift will appear to be less than
actual

Measure all lobes, recording your
resulis as you go. In the typical
pushrod engine, there will be two
lobes for each cylinder, one for the
minke valve and one for the exhapst
Compare your findings by placing
lobe-Lift figures for the intake lobes in
one column and exhaost Migures in
another. Lilis for both intake and
exhapst should be within 0,005
L1 3mm of each other. If there =
one bad lobe, the cam and lifters must
b neplaced,

Cam Bearing Journals—Cam-
shafis are more durable than
crankshafis in one respect; their
journals seldom wear out. Don't calke
this as an excuse pot to check them.
All should measure within the limit
set by the manuiacturer.

As with the crank, there are nmout
and ouwt-of-round limits [or the
camshaft. However, if it tumed easily
in the okd bearings, it'll be OK as is.

To check the cam out of the block,
support it with two Vblocks, one
under each end joumal and ¢t up a
dinl indicator on it center bearing

Camahal fmarng waimals she pefling sarme

[ "] . . Abemshis
halt rens agaimel joumal a8 cam rotates
Dt caviadn.

journal. Or suppon it between centers
such as m a lathe. Indicate the center
bearng joumals as you did with the
crmkshaft. Runout should not eaceed
00015 im. in most applications. Check
oul-ol-round with dial calipers or a
micrometer. Limit out-of -round o
DS e UL Serem

The final check will be 1o nstall
your cam in the block and spin it in
well-olled bearings. Unbess the cam
shows play or binds as you fumn i,
there is no problem

As far as lifters are concerned, |
haghly recommend that you buy new
ones, éven if you are using the old
wam.

If you are having your block bored,
trash your old pistons. However, if
bore wear s accepiable you can get
by with merely honing. Just make



rmasnarnbied connecing rod snd peion. Fullfosting wvisl pn s heid in pincs with §pineios
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sure the prtons are usable.

Pistons, hike the timing chain,
sprockets, camshaft and lifters, see a
It o abwise and wear, but they dont
wear as badly, Although an engine
may have been well mamtaimed, of it's
considered to be a high-mileage
engine, mosl mecharncs of machindsts
opt for “new” bores thal can only be
ashevexd by bonng

Engine builders reason correctly
that fresh bores and new malching
pistons. will give them as-good-as or
better-than-onigimnal and
performance. Alter all, used pistons
are jus! that—used. Some of their
workng hfe has alresdy been spent
That brings up the final consideration
in the puston/bore relationship.

Even though you may have found
the cylinders don't meed rebonng. you
may also have Tound thai, afler
mspecting them, the pistons should be
replaced. If this proves 1o be the case,
the reasonable thing to do is rebore
and install oversire pistons—most of
the time. An exception would be
where you want (o relain the same
bowe site of the hore i already to s
maximum oversite. You simply want
to retain the engine's original

life

a2

deisplacement, the block s of the e
vanety of the engine will be used in
competition where maximum
displacement would be exceeded of
yous hored

Mew praions ane the mapor expense
in a rebore, so you won't have to
spend much more to get straight
bores. You'll also get a slight
displacement increase. This amwounts
to about & | to 2-cud ncrease for every
0.010-in./0.25mm increase in bore
sre for an eight-cvlinder engine. For
example, a W8 with a 4-in. bore and a
d-in, stroke displacing 402 cid will
displace 408 cul with a 003k, bone
increase, only & more cubic inches!
The 1.5% displacement increase
doesn't amount to much of it's a
displacernent increase you're afler,

A final consideration in your
rebore-or-not-to-rebore decision
making: The thinner cylinder walls
that result from enlarged bores will
result in more heat being “wasted” 1o
the coolent. The comsequence of this
may be & hotler running engine—at
least as far as the coolam is
concerned. The bottom line 15 you
may have 1o go o a bigger mchator o

prevent overhesting.

Samatimes brokea akirt i evident,
semetimes not. It may just be colapeed.
Eithae ondition i smason bto mplace peton.

Inspect Pistons

If you are not going (o rebore,
inspect the pisions before removing
them frowm the rods. If they are OK,
you can rebuild the engine without
disassembling them except in fwo
cases; the pastons and mods should be
separated if full-Moating pons are used
of your engine has been used in very
heavy-duty applications such as
racing, This will allow closer
inspection of the pin bores for wear
and paston-pin bosses for cracks, Just
be careful 10 keep all of the pleces
together. However, for the stundasd
rebuild, doa't bother with removing
the rods from the pistons. I is one kess
yobs, and wll grestly speed the rebuild.
It may also mean one less mnp to the
machine shop in the case of having o
press oul the pins, Bt also means one
less hill 1o pay.

Ring Removal—Kemove the old
rings. Thene's an casy and & hard way
o remove piston nngs: either with a
ring expander—the easy way—or by
haned. Dioing this job by hand is tiring,
5 hard on your thumbs and incresmes
the changes of scratching a piston
with the nng ends. However, using &
pher-looking nng expander grps the

ring cnds to expand, or spread, the
rng. making il easy to lift the ring
over the pision with much less chance
of scemtching the piston,

Both methods are easier when the
rod-and-piston assembly is held
steady by something other than vour
own hands. A vise is ideal, but be
wery careful not o mark or bend the
rod. Lightly clamp the rod between
two pieces of wood i vise jaws. Soft
lead, brass or aluminum visg jaws
will also work,

Clamp on the edges of the rod beam
arwd position the piston s the botem
edees of ils skin rest on the vise jaws
or wond blocks, This will keep the
pasion from (lopping back and forth as
vou work with it,

If you don’t have a vise, clamp the
el and piston 1o a bench with a
C-clamp. Use a wood block between

« the clamp and rod 1o prevent damage.

If the bench s metal, put o another
wood block between the bench and
. Lightly clamp the rod 1o the edge
of the bench with the piston resting
against the bench op.

Fiston Damage—bvious damage
12 a piston results when a valve drops
into a cylinder, damaging the top, or

dome, or one side of the piston—a

o skin—breaks off. You'll kave to look

¢loser for other types of damage.
Scoffing, scoring. ring-lind damage
and skirt collapse can be found
through visul inspection.

Scuffing describes sbrasion dunage
o the piston skirt, This is usually
caused by insufficient clearance or
Ilubrication between the bore and
piston. Scoring is similar to scuffing,
but is limited 10 deep grooves in a
skirt, Both types of damage are
caused by lack of lubrication, severe
engine overheating—causing in-
sufficient piston-to-bose clearance—
or & bent connecting rod,

The common denominator in all
three is excessive pressure and

Showed waar pattern on shirt indlcates
conmacting nod bs bont o heisted, Rod should
be choohed in fixturs.

temperature between the piston skirts
and cylinder wall. The most common
cause of scuffed and collapsed skirts
is overheating caused by o stuck
thermostat, blocked water passage,
hroken Tan belt or bvw coolant.

1f & rod is bent to the side or teisted,
it will conise the piston skirt 1o wear or
sculf unevenly from top to botton., A
tintle varation in the skirt wear pattern
is normal. but when a piston skirt is
sculfed or wom other than siraight up
and down in the center of a skim, you
can be sure the mod is bent or twisted,

Checking connecting rod alignment
is a normal part of machine shop
routine, bul it never hurts e et them
know about your findings, You can’
check the rods accurately for
straightness because you don't have
the equipment—but you may haove the
evidence that they need checking.

Piston  Skirt Diameter—
Measuring piston skin diameter is not
so much o determine wear as it is (o
check for collapsed skirts. Before
measuring and judging the results,
you should fully understand what
paston skin collapse means,

Pastems are widest at thear skans, and
they get wider from the oil ring
groove o the botiom of the skins. The
reason for this is heat expansion
controd, As a piston heats up from

Waear patters on skirt is straight and
This indicates

rad s

straight

cold st (o operating lemperature,
the aluminum expands. As i expands,
the desire is for skt width 1o be the
same from fop to bowon. The pant of
the piston closest o he heat source—
the combuastion chamber—and
farthest from crankcase ot conling,
expands the maost.

In normal service, piston and
cylinder walls warm 10 their operating
temperatures and the piston skirls
expand In a given s and shape. B,
if the engine overheats, the piston
skirts continue to expand until all
piston-to-bore clegrance is gone; the
skirt is forced against the cylindes
wall amd begins to scuff. This scuffing
aAclion ncreases ;'.II!-'I.HI'I h'.'.'.Hl even
more, but the cylinder wall doesn't
permil further expansion, The skirts
are then overstressed. or overloaded,
and one bends or breaks off. Afler the
engine cools, the bent piston skins
contract to a smaller diameater than
pefore—ihey are said to have
cotlapsed. The result will be greater-
than-acceptable bore clearance,
causing slap during warm-up and,
maybe, after the engine has reached
operating 1emperature,

If vou used pistons with collapsed
or missing skirts—heaven forbid—
they would be noisy, Additionadly, the
oil ring prooves may have been
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Bhoasunn pislon diameter B0° to snil level w0th bettom of wreishpin bore. Mossumoment soross
taftam of akint showid ba slightly mors, or showt 00008 n. (0.00wm)

distored as well, resulting in poaor ol
wonirod
Heavy sculling is a common
indicator of collapsed prston skirts. To
confirm this, measure the paston in
e plsces and compare the readings
First, meisure the sk level weih and
W o the paston pin, Move straighi
down the skirt 1o the hotiom and
mcasure ity diameter aguin. Generally,
cast pistons should measure (0005
O Amimn wider at the bottom of
the skirt
(LORE T - b AN B wwadder
If they are the same oF wre narrower,

lorged piatons should

LLUTRHEL TR

chances are one or both skirts have
collapsed. Jurk the piston

Inspect Domes—The piston s firs
o suller foom excess heal caused by
preignition or a lean airfuel charge
Such damage removes aluminum
Iroim the dome and deposits it on the
combustion chamber, valves and
spark, plug or blosws i oant the exbias
powt, This leaves the dome with a
SPOREY OF POrOUS Appearance to
which carbon attaches

Clean the praton domes s0 you can
inspoct thent, If the corbon buildup s
heavy with a dull
serewdrniver or old compression nng
Make sure the screwdriver is old and
worn oul, COne with o sharp blade will
scratch the poston easily, Obwviously,

remove il

[

vou must not use a sharp edge
sorapeng ool on tie pistons such aw
chisel or gasket scraper

Follow the screwdriver cleaning
with u wire brush or wheel. Be extra
varelul wr keep the bristles away Trom
the ning grooves, Light scratches on
lop of & piston won't burt, bal they
will cause trouble ol the grooves
Scratches bere will provide leak paths
between the rings and ring lands

Piston Pin Bore Wear—Although
SIAME Iston pins, OF wWiisl pins, are
retminied with g ek boldt ar the sl
crwl of the rod, the two most common
methods of piston pun retention are
with un interference fit—commonly
culled pressed pins—and retaining
rings—used with full-Moating pins
Pl munn difference between the o
1% the pressed pin has an interference
fit between the pin and small end of
the rod—the pin b5 bigger than the
howe in s roed, With the full-Nomting
i, the pin ik free o motste i the mod
hocase there's clearance between the
pin and rod. Retuning rings are used
ol emch end of the pin o keep it from
sliclingg out oof the piston bore and into
the cylinder will

How you check pin hore wenr
differs with how the pin s retained
Ty measume a pressed pin and s bore,
start by soaking each piston in solvent

or carburetor cleaner, Work the rod
back-and-forth while the pin is
submenged, This will remove the oil
cushion from between the pin and its
bhore, Place the piston-and-rod
assembly upside down on a bench,
grasping the pston with one hand and
the big end of the rod with the other,
Hold the piston with the end of your
thumb across ane cnd of the pun and g
finger across the other. Now (ry 1o
rock mneh twast the mod withoot moving
the prston as shown in the photo
Rock the rod in the direction of the
pin centertine, Next, twist it in a circle
concentric  with  the  piston
circumlerence. [ wear is excessive
o'l e able 1w feel pin movemend &
your fingertips

Agmin, il you feel any movement,
thet piston pin bore is wom, Chances
are the remaining piston pin hores will
be worn too iF the first one you
checked is waom, 1T thas i the case, the
answer lo cormectmg the problem 15 o
buy new pistons, To be sure, though,
check the remaining pistons,

Check pisten pin bore waar by grasping
phaton mnd rod as shoven mnd ocking red from
slde 1o slde, then twisting rod. Piaoe Roge
mnd thamb over and of pin. I you fesl any
mavernnd at un, pistan should be reglaced.
Pinto-baire clammnce showkd be sbost 0 0008
i (0.0 Lmemj,

Pistons and connecting rods with
Nonting ping ane casy 1o disssemble,
po take them apart and measure the
pin, pison wocd rod with 8 mbcronetier
el & telescoping gange, Use a dial
hare gauge o you're Tofunate enough
1o bave one. Lise retuning ring pliers
1o memove the retaming rings al cach
et of the piston pan. Slide the pan
from the piston and rod. Next, mike
the pin o each emd where it installs
agninst the piston, Record vou
measurements. Now, measure the
piston pin bore 1D at both ends and
recond these Tigures

Subtract the pan diameter from pin
bore 1D i et pin-to-bore clearunce.
Floating pins should have 0004
00008 im0 O-0.020mm . pin-to
piston clearance, IF this clearance
exboeds 0000E in AL02mm, replace
the piston, Measure the pin in the
center ancd the small end of the rod,
Subtract these two fligures o gel pin
to-rod clearance. [t should be
CLOOCES-LOOHFT i A0 30100 B

In"cose vou me wondering why pin
clearance af the piston s “wider™ than
ul the mod, the thermul expansion of
whamimuam s higher than 0 is for seeel
The result: pin clemrance at the pision
changes more than at the small end of
the rod with temperatures changes

Cantion: Check the car or piston
manulaciurers specs Tor piston pan
clearinces. Although the clearances
I've given are uccepted indusiry
practice, deviations may ncour

I vou've disassembled vou
pressed-pin rod-and-piston assem
blies, mensure them, Piston-to-pin
clearance shoubd be 0000300 (M5
0L OOR-(0, 01 2mim, bart this clearance
can safiely go o (000 in AUGmm, the
upper iolerance Timdt. Al the mod, there
should be o (O.0DDR-D.(H012
i AL020-0,030mm interlerence [l
with the pin—the pin is larger thain
the smull end of the rod. Going 1o the
high side with this limit is best just o

Adjwnt ving groove clesner o greove wilth and dlemeter, then mun lool aound groave e
e Carban deposits, e camhil nid 10 remive Meial

ensure maximum pan retention. Too
mch s oot good, though, because (f
e prins are pressed in, they may gall
ad couse rpad piston-pin-bore wieas
Checking for Cracks—I1 vou are
reusing rl'-tpr|| Pislisng, & .|r|'I|IIIf|
inspact thewr pin bores and bosses
These weak areas are
cracking, which is followed by

prome b

complete Tailure. Unanded visual
Ispection 15 nol very good an sporing
cracks, However, Iwo Iypes of non
ferrouss crack checking can be used
Spotcheck (a dyve test kit) and Zyelo

Alter the area boing checked is
thoroughly cleaned and dreied, i1 i
sprayed with a liguid penetrate and
allowved 1o souk in lor a lew minoies
The surface s then washed, At this
point, using Spotcheck and Ly glo
differ. With Spoicheck, the area is
spraved with a developer—a white
powder. A surface crack will show up
ns o0 jagged red hine os the dye in the
cruck bleeds through the developer
For Zyvglo, the pan is viewed under a
black light. Cracks will show up like a
neon lght, 11 vou Findd any cracks,
replace the pision

Ring Grooves—Ring
conclition s vital 1o g functioning

!‘lﬂll'nl,‘

Ringy must huve a good seal on which
1o seal, so inspect the ring grooves
caretully

To do this, the grooves must be

Clean. T acoomplish this, you'll eed
u ring groove cleanng tool Two
different tvpes can be used, one's free

and the other is cheap. The froe ool
i o broken cing, The cheap one
1% spey 1ally |h'n.-_|'4'|';1 o elean ring
Eroovies—Ils a ring grocve clisaner!

I you) den't want o spend the few
backs for n “one-thmee-use” fool, wse
an old compression ring. One that
came off your pastons is best because
vl kKmivw they're the right siee. St
by breaking the ring in half and grind
or file one end, Break the sharp
comers on all the cutting edges, This
will keep you from removing
metlal from the ring lands, These
surfnces musl reonain as dghl and as
damage free ds possible Tor good
ring senling

The trouble with using a broken
ring b5 that the nng can scratch and
gouge the ring groove il you don't
take great care whibe you're clewning
them, Chnce o nng grivve s damaged,
the ring cannol adeguately scal

hetween the ring and pston
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Because it is fnster and there s less
chance ol damaging the piston,
I prefer o clean the grooves with a
ring-groove cleaner. As shown, a ring-
groove cleaner plvols in the groove as
it is rotated, It does an excellent
cleaning job without much donger of
damaging the grooves.

Mensuring Ring Grooves—The
casy way of measuring ring groove
width or ring side chearmice is with a
new ring and focler gauges, MNew rings
present i probbem, though, To et one
new ring. you'll have 1o buy a
complete set of new opes just 1o find
oul that vour obd pistons may be junk
Assuming you'd do the logical thing
and rebore your engine and install
oversize pistons and nngs, you'd be
stuck with o new set of rings that you
had ni wse Tor, To avodd this, use an
oled ring and comperisate for its we

Typical top compression-ring
widths are 1/16 in. (0.0625
S 1.59mm, 5/64 in. (0.078]
ing1.98mm) and 332 in. (00937
in/2.38mm. Ring-to-groove side
clearance & best at about 00025
in /0 O6mm, but can be in the
0001 70003 2 <in 0,040 Emm
range. To simplify the chegking
proscens, consider (U003 in AU0Rmm as
o imem ring side clearance, Correct
ring groove widih will then be the
sium of the nng width and s side
clearanee,

To mepsure nng groove width, mike
the thickness of one of the old
compression ings, Sobtrct tis from
the original thickness memsurement of
that ring. Add this difference 1o the
ring sicke chearnnoe specified, This will
be your checking cleansce.

MNow insen the edge of the ring in
the groove and gauge the distance
between it and the groove with your
feeler pauges. You have the checking
clearance right away, but you must
check all the way aound the groove,
When you find the fecler gauge that

Chaok ringgraove width with ring and feeins gauge, idenl side cloarance is 00028 |,
(0.06mm | e alsahats mslmsem s 0,006 5 (0.18%mm).

fits snugly—not tight or loose—
subtruct the measurement from the
checking clearance, The difference s
piston rving side clearance—the
dimension used 1o determine if the
plston ring grooves an serviceable.

Mow slide the ring and leeler guuge
arourid the piston in the ning groove
and you can easily determing whether
the ring lands are hent or worn
excessively. The feeler gauge will be
loose or tight whene the ring land is
bent and loose where il is womn,

Exnmple; Let's say you have 1/16-
in, (L0625 in/1.5%um) compression
rings. You mike one of the old rings
and get 00615 in/1 S6mum, or 0,001
inJLmm of wear—aboul normal,
Because (U003 in A0L0Tmm is the ring
grovve checking clearance with a now
ringt, add 0001 in 002mm jo 0003
inO0Tmm when using the old ring:
(1,00 1m0, (e 48 yousr new: ring-io-
groove checking cheannce,

After measuring the ring groove
with the ring and feeler gauges, you
find a Q003 00Tmm feeler guuge
lits best, The ring groove is OK
because checking clearance is uniler
01,006 im0, (mim,

If the Tirst und socond compression
ring grooves use the same width rings,
use the sume ring 1o check oll pistons

and grooves, Ciherwise, use the same
procedure with the comect ring, Stan
with the wop groove. It should be the
warst, Don't skip checking both
compression ring grooves, though,

Ul Ring Grooves—Hecause the odl
rings and their grooves wre drenched
in oil and lightly loaded—compared
o compression rings—they don't
wear much. Therefore, il the
compression ring grooves ane OK,
visually inspect the oil ring groove in
each piston for obvious damage and
let them go il you see no problem, To
be absoluely sure all s OK, po abead
aned mensure them.

OHl rings use much wider grooves
than compression rings, You can'l use
odl rings. so siack two compression
rings together and uwse them in
combination with your feeler gauges,

To establish an oil ring grouve
checking clearance, mike the two
compression rings stacked 1ogether,
Subtract this figure from the oil-ring
width, which is typically 316 in,
(0088 in., or 4.76mm), plus a
maximum side ¢learance of 0,006
i A0, 1 S, or 0,194 bnJ4 93mm. The
difference is checking clearance, or
the Teeler gauge vou'll use with the
two rmgs vacked together.

Exampie: If you stacked two nngs

Paced in cheching fature, pision is rocked book snd forth whiles indicator mosk s obsersed. if
It mvas, md i twiated or bant. I bend or twist s minoe, rod can be straigitencd and maesed

together and got a combined thickness
af 0,155 in./3.94mm, this figure
subtracied from 0,194 in/4.93mm
gives (039 in L99mm—the thickest
fealer gauge you should be able 1o get
between the two compression rings
and in oil groove, If you encounter the
unlikely situation that un oil ring

groove {s worm, junk the piston,
w Connecting

T accurately inspect the connecting
rods, vou'll need special tools. They
are g0 expensive that you probably
can't  justify purchasing such
Bquipment tnless You oWn Your own
pro shop. This is a job to farm oyt
unless the pistons and bearings tell
you otherwise

For exgmple, if piston and bearing
wear is-even and your engine has not
been abused, you may be able o skip
checking the mods. On the other hand,
connecting rods are the most critical
bottom-end part. particularly if your
enging is being built for heavy-duty
use or racing. So have the rods
checked by an engine machinist even
though the pistons and bearings don't
exhibit unusual wedr patterms,

The major areas to cheéck on
connecting rods are for bending or
mizslignment. out-of-round bearing
bires or bores damaged by a spun
bearing, rod halt condirion, and, in the
case of full-floating wrist pins, wrist
pin bores that are too large or
diminged from a faiked bushing,

If you are building an engine that
will be used for racing. you must have
the rods Magnafluxed. This is
especially true of the rod bols,

Bent or Twisted—Take a close
look at the piston and rod bearing
wear paiterns, The wear patiem on the
piston shoold be vertical and
symmetrical across both throse
surfaces, Look al the major thrust
surface—the side opposite crank
modation, One side of the wear pattem
should be a mimror image of the other,
However, if the wear paltérn is
skewed, page 63, chances are the
comnecting rod is bent or twisked.

As for the rod beanngs, they should
also show even wear from side Lo
side, A bent rod places an uneven
load on its hearmg and jourmal. The
top insert will be womn on one side
and the bostom insert will be wom on
the other. A similar wear pattern will

be caused by a tapered bearing
journal, however the wear wall be on
the same side of 2ach bearing inseri.

For example, If a rod is bent, the
upper insert will be wom on the near
portion. while the lower insert will be
warn on the front, or vice versa.
Double check the crank if vou find
such o wear panem.

IF you suspect thal a rod is bent or
twisted, take it 10 an engine machine
shop and have it checked and
straightened. They'll have a fixure for
checking connécting rod alignment,
This wsually can be done with the
piston on or off,

If the rod is bent 157 or less for a
standard rebuild, it's OK to strughten
and reuse it 5% if the rod is for high-
performance use, Replace the mod if it
exceeds one of these fzunes.

Inspect Rod Balts—Unless hallow
aligrnment dowels are used with bolis
that thread into the connecting rod,
the boles align the cap to the rod.
Therefore, if you will be installing
new bolts, they must be installed
before inspecting the hig end and
resizing it. ‘Also, if new bolis are
installed or you remove and nemstall
the original bolts, you must resize the
comnecting rods. In both cases, this is
because cap-to-rod relationship
changes. Kesping these poinis in
mind, inspect the rod bolts now,

If your engme won't sée heavyduty
O racing use, you can probabiy get by
with visually inspecting the rod bolts
for cracks, You'll need & bright light
and & magnifyving ghass for this. But
visual mspection can't be done well
without removing the bolts. So hite
the bullet and remove the rod bolts
and harve them Magrafluxed.

Remove pressed-in rod bolts by first
clamping the rod with the bolts
polnting up in-& rod vise or bench vise
between two blocks of wood. A rod
vise has smooth, parallel jaws so it
won't scar or distort the rod or cap.
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Cap i imatalied aerl bais of Mty Sre torqued
13 spec In fod vise prioe [0 messaring and
reuinfg leieadompe goage s st in Dna with
rud e, (he dlrection thet cap dstortion
orcEry fo e B svnesas ool

The woosd blocks will prevent rod
damaee when a bench vise s used

Tir peotexct the roxd bolts, install 3 mat
ot each bl s s Nush with the el
of the thresd, Dnive out the bolts with
a soft hammer or & brass punch
between the hammer and bolt. After
mapecting the bolts, reinstall them
wilth a press of draw them in by
nstalling the cap and “Sr”"“‘“F the
mal. Agam, comectly secure the nod m
a roxld wise

Rod Bearing Bores—Both big
and amall-end bores—particularly i
full-Noating pios are used—should be
checked Tor size amd okl -of -roamd
You shoukd've atready inspected the
wrist-pin bores dunng a preliminary
check, s o concentrabe on the big
ol

T obstanin 1 meedded bearng crush,
the big end of a rod muast have a
slighily smaller bore than the 0D of
the bearing insert. This shght
undersize causes the bearings to
crush, locking them in place and
forcing the insert o inthmate contsct
with the rod bore. They must abuo be
rouanid so the beanng will be rowand

Bearings need a nght fit for two
reasons: o ek them in place and o
proicke manimum bearmg-1o-rod heat
transfer. Yes, i's bearing crush that

kecps a bearing from spinning. ol
those lintle tangs, or tabs, &l one edge
of each insert. Contrary 10 popular
opimion, hearing tangs are there only
for posateomung beanng nscris in their
bores daring assembly. Once the
bearings are in place, the tangs serve
oy wsclul purpose

Bearing crush can be excessive. I
the bore is too small. the bearing
insert parting lines will be forced
inboard toward the bearing journal
This shows up o excessive wear ol
the: bearing parting lines.,

If the bearing bore is oo big, there
will be msufficient crush. This wall
cause the bearing to overheat
Adkbitionally, the bearng will move in
its bore, posaibly w the poanl ol
spinning. The danger here s il may
muin the rosd and the crankshaft

If a full-floating wrist pan is used
and the wnist pin bore s too large, the
wrist pin will knock. Thas wall beat
oul the bushing amd possibly destroy
the wrist pin and rod. 17 i is oo small,
the wrist pin will sewe and possibdy
wore the puston pon bore and knock
oul the retsiming nogs. Additional
damage 1o the cylinder bore will
likely result

The best way o check your rods
andd correct them o o problem s found
i i take them o an engine machine
shop. They1l have a connecting rod
reconditioning machine where both
ends of euch rod ane checked for sire
and rouniness. 11 a problem is found,
the connecting rod is resized by
hommg. The shop will also have two
other special preces of equipment; a
rexd vise fur hobding the rods when the
cap » forgued in place amd a special
grinder for removing material from
the cap parting face pror o resiring.

To measure your rods “on site,’
vou'll peed an imside micrometer, a
dial bore gauge or a iclescoping
gauge. You'll also need an outside
mike when vsing a dial bore gauge or

elescoping gauge. Belore checking
the big end, install the cip on the rod,
If don't have a rod vise, clamp the od
in i vise between two blocks of wood.
Install the cap on the rod as you
would when installing it in the engine
and tovuue the muts or bolts (o spec.

Hig End: At the big end, mike the
bore in line with the beam then at
several different angles 1o check for
out-of-round. If you are using a
Sunnen style indicator. rotate the rod
o check for size and out-of-pound.
Write down the measurements for
each rod. Typucally, out-of-round and
sz 1 limited to 0000 0 0.0 Uerem,
o (L2 i L0005 mam,

If the big end of the rod is oul-of-
round or oversize, the muting surfaces
of the cap must be precision ground
This s 1o reduce the big end diameier
as measured in line with the rod
beam. Matenial con then be removed
by honing to bring the bore within
spec. All honing on a connecting rod
should be done on & precision hone
such o the one pictured so big- and
small-end bores will be correctly
sured and aligned

A Tl woord about the big end: I's a
oo icdesa o replace the rod-boll nuts,
especially if they were removed with
an impact wrench, Buy new nuts now
s you'll have them for engine
reascmbly.

Small End: When sunng the small
end full-Nloating pin, there shoakd be
(0000 |0 (S i, L2000 2y
pen-to-hore clearnce for o standurd
rebuild. For all-out racing. full-
floating pin clearance s increased 10
0000800000 10 A0 020-0.025mm.
For pressed pins, there should be a
(0000800, 001) 2-im, A0, 0 200, 0 3 0hmim
interference, or press. fit between the
e ard srmall-end bore

If vour engine uses presaed-n wrist
pins, read ahead to Piston/Rod
Disassemily & Assemisly, page T1.

If a rod has excess pin-to-bare

praset to spocification with micmmaters.
Comnecting rd bs then rotated on mandred to
Indicate big-and |0, Esch indicator division
rpresants 0.0001 in. {0.002men). 0 smal
disciepancies can be found.

clearance, the small end of the rod
will have to be rebushed and honed 10
achieve the desired clearance. To do
this vou'll first have 10 remove the
bushing. You can do this with either a
copé chisel or press, but it's best to
leave this 1o the machine shop. The
new bushing must be pressed in and
hened to size anyway.

A special driver 15 used 10 press out
the bushing, It plots in the smail end
of the rod and hos a narrow shoulder
10 bustt againat the bushing. While the
bushing is pressed out, the small end
of the rod must be supported squarely
o s backside,

To remove the bushing with a
homemade 1ool, cut a long 3/8-in. or
lasger bolt that is not fully threaded.
Cit off the threads, Grind the end of
the boll 5o i's tapered and the point i
crescen shaped,

Carefully work the point under the
bushing and peel the bushing out. Be
cureful not to damage the rod. A
pouge will create o stress rizer and
possibly cause problems when
installing the new bushing. A splir
bushing will roll out easily at the

seam, For a seamless bushing, work
one side, collapsing the bushing
inward by driving the chisel behind
the bushing. Once the press on the
bushing s relieved, push i o,

To nstall & new pin bushing, clean
the small-end bore and check the
bushing, One end of the bushing
should be chamfered, The chamfer
provides a lead-in when pressing in
the bushing. If it isnt chamfiered,
make one with & knife, bearing
scraper or fibe, page 113,

Lise a prass or visa to install the new
bushimg. If vou are using a press, use
the same 0ol you wsed for removing
the old busting. As for the vise, 1l
should have soft jaws oF jaw covers
made of brass or alumimum. Press in
the bushing so i's nearly centered in
the small end.

If the rod and bushing have il
holes, ling up the bushing il hole
with the one in the rod so they will
match when the bushing is pressed in.
I there is a wrist-pin oil hole in the
rod, 10’ at the top of the small end. B
the bushing doesa't have an oil hoke
but the rod does, press in the hoshing
first, Drill the oil hole in the bushing
through the one in the rod, Use the
same size dnll as the hole wn the rod.
Protect the bushing from drill-pomt
damage by insenling a piece of woo]
in the bushing prior o drilling.

After dnlling, the bushing must be
honed or rearmed o match the wrist
pin. Check that the oil hole isn't
burped over from the sizing operation.
If it isn't, clear the hole by twuming the
drill bit with your fngers and wash
out the bushing with solvent. Once
you've sized the bushing 1o the wrist
pin, keep the piston-and-pin set with
the rod, Using a bearing scraper,
deburring tool or pocket knife, cut a
small chamfer ot both ends of the
bushing 10, This will provide o head-
in for installing the wrist pin.

Check wrist pin fit by sliding it into

Naw pin hething is hooed 10 sizs. Pin-to-bonte
clenrance for full-dlonting pins s Im the
000000, 00086, 0.002-0.012mm]| mngn
Work teward the lower limit for & streat
anging; higher Bmit for high-performance ond
racing engines.

the bushing. It should be snug, but
shide through easily, If the fit is
wrong, correct the problem before
you move along, A loose pin will be
noisy and a nght one will sewre in the
hushing.

Piston/Rod
Disassembly &
Assembly

If your engine vses pressed-in wns:
pins, read this section. 1f it uses
floating ping, move on ta the next
section.

A press with the needed 1woling s
required 10 rermove pressed-in pans, 1
you have this equipment, you're in
business. Do the job yoursel] and save
the money. But if you don't have o
press and the wols, farm out the work
o your engine machinist o separe
the rods from the pistons and
reassemble them.

Warning: Do not hammer on a
wrist pin or drive it out with an air
impact tol! You may get (them spart.
bt wourl rain the pinn, piston and o,
You must push oul a pin with & pness,

Remove Pin—To remove o wrist

69



The performance and durability of your engine can be
manimized if it is balanced. This is critical if it will be
wm:lﬂtﬂh“hmm

mm:m—mmh
balanced are those that reciprocate or rotate.
Reciprocating purts move up and down in the bores. Such  halanced
purts include pistors, piston pins, pin retainers, rings and
mmaﬂ-mmmmm

flexplate, crankshaft dsmper and clutch.

Balancing Process—The first step in balancing an
engine is finding an engine shop tht hos the equipment  weight.
andd know-how 10 use it For your par, you must deliver
all of the parts 10 the balancer afier the machine work is
done and the pistons have heen fitted 1o their bores and
marked sccordingly, This includes reconditioning the
connecting rods, installing the rod bolts and machining

dmhrllmlﬂ!ﬂthm:ﬂn 1
WMMHMH_

Hl-lﬂ_ﬂ'

weighed until the Iﬁmﬁﬂﬂ“nﬁm.

found, The ends are then reduced 1o the Hh
wwumunm ﬁ
balance pads at each end. A balance pad is o

pin boss and the other under the bearing cap.
The small end of a connecting rod reciproc

pin cormectly, suppor the plston on a
hollow mandrel so it sils sgquarely on
i fin boss. This i so the pin will
have clesrance to pass through as iv's
pressed out. For the same reason there
must also be a clearnce hole in the

press bed,
A punch must be used between the

¢ i and press ram, The best tvpe of

punch 1o use is one that pilots in the
pin and shoulders against the pin, This
is 8o the punch doesn't mave off
conter and soore the pin bore as the
pin is pushed out.

To push out the pin, center the
mandrel, pin and punch under the
press ram, Bring the ram down and
check that everything is squarc 1o the
press. bod and ram, especially that the
mandrel is comectly positioned under
the pin boss, Now push out the pin,
When the pin breaks Joose your'll hear
it pop.

Install Pin—=There wre two ways to
install & pressed pin: with force or
Wwith heat, Using force with o press is

simple enough; the pin is pressed ino
o bore that's slightly smaller using
basically the same procedure as
remaving the pin, By applying heat,
the small-end bore is enlarged,
allowing the pin 1o be installed by
hand, When it cools, the press it
retums, allowing the small end 1o
clamp tightly on the pin.

Although mare critical, pressing in
a pin is basically the reverse ol
pressing it out. You must be extra
cureful to support the piston and 1o
lime up the piston, pin and rod, 15 vou
don't, there's great nsk of damaging
the piston, In additon 1o supporting
the pistan firmly under its boss, apply
some moly grease to the pin. This
cnaecs the installation and reduces the
chunce of galling the pin. Push the pin
i Tar enough so i's centered in the
ol

Heating the small end of the mod is
the method | prefer. Mot only does it
eliminate the chance of galling the pin
e cimaging the piston, it is gquicker,
However, because this is a very
difficult job 10 do right, and because it
I easy to rain your rod before you
know i, | recommend thiv you leave
this job 1o the pros.

Orlenting the Assembly—FHur let's
puppoRe you are a pro, or feeling
confident, and you are sure you can

rmtinarn whoddd
racing englee,

heat the rod and center the pin quickly
without damaging it 1T you insist on
doing this pob yourself, the Tirst thing
o do is wrmange the connecting rods
and pistons &0 il be easy 10 orient
them correctly duning nssembly. This
is very important: Piston-to-rod
orfemtation must be comect, otherwise
your engine will self destruct on o
chanly after starmup

All pistons, except most high
performance pistons, have their pins
offset to the right or woward the major
thrust surface of the piston. Note; This
is for engines using conventional,
clockwise rotation, For those using
ﬂp"mhi.lp rotation, such as muny
engines built for marine applications,
the pins are offset 10 the left, Pin
offset is 1o load the thrust surface
against the cvlinder wall 1o keep the
piston from rocking as i goes down
the bore, thus prevent piston slapping
and the resulting nojse,

Many pistons with shaped domes
st be correctly onented, oo, Pat in
backwards, the plston would collide
with the combuation chamber und
valves when it approaches TDC
Symmetrical pistons will clear the
valves and combustion chamber
regardless of their orentation, bui you
sl sthl] consider pin olTset

How do you determine which way a



Roma connecting rods Beve @ oll hele in beam for lubnoating thastsios of cyllndes wall;
oifer A groove s beanag-cap parting bine. Beoaste of this i & chamber on ane siie of big
ardl neaded (e clos boaringjoumal radius ke rods skaring one jownal, conmecting Pods masl

ha nriemtad correotty to plelnns
st st be wradalled? H||:|||I|r The
manlacturer cither casts a dot or
marehy i the pasion fogp Lo imdicate
Frosnd of starmps an arrow with the
word FRONT next to it For pistons
with shaped domes, orientation s
sometimes indicated with o dot 1o
mid the (reowt! Make
virll remd the directions when

midicate one side,
sl
nslalling new pstons, IU's pretty
dilficuly te goad up piston arentation
i this Cise

A B conne ||-'|+.' Fl"lj Wren e,
voull have (o e aware of maore than
ne i vours s a V-

Tealure Iy pe

engne Faor instance, I.IHIIII.‘l.lll'IE1 nuds

Bhnps of plalen desms reguires (e pEebon B
arpnted camectly in boen 0 prevamt paton
to-ienlye and cylindar hosd contact.

T2

thiat wse shired jourmls——wo ods per
crank throw rither (han one per
throw=—lave o birge chamier ul one
end of the bewng jowmal and a small
one al the ather end. This large
chiwmiber must install agunst the crank
cheek so it clears the joumal radius,
Cberwise the beanng will edge-ride
the rislitis

With Verype engines, rod numbers
install w the direction of their cylinder
bunks: rods an the right bank install
with numbers (o the right amd vice
versa. Sumilarly, those sith odl sguin
holes are oriented with these holes
wimied so they lubricate the opposite
eylinder banks, the reverse
orsentation of the nembers, A sgquint
hole may be drilled through the big
eind between the bewn and bolt hobe
of it may be o potch i e cap, Thene
may be no sguirt holde at all, Oil
thrown off the joumals made possihle
may be

Jusl

by rod side clearance
sufficient lubrication,

To prepare for assembling rods and
pistons, arrange them in a puttern so
you'll orient them correctly with
minimum confusion. This is
eapecially important if you ane using
heat rather than a press. You won't
luve much time (o think abow which
way fhey go, Additionally, the piston

will be upside down, so vou'll have
think upsice down, Confusing. Gel
everything sored out in your mind
belore you begin assembling!

Adter you've assembled the first rod
and piston, check i, Hold the
assembly right side up and xo the
frant of the piston points wway from
Vi—cdon or arrow 1o the Tromt wnd
numbers fo the right or lefi, Also
check that the rod is centered in the
piston and the pin s in its bore the
same amoun at both ends, 1F all is
Ok, gereat, Continue and make a final
check  once  you've  Tinished
pssembling the rods and pistons.
Chrient ome wrong and vou'll have 1o
press ot the pen and resssemble them
correctly. increasing the chunce of
damage

Note: Floaung pins must be
mstalled with new retamers, whether
they are the wire, Trugre or Sparabon
type. When installing, the convex sidke
of Truare or Spiralos retainers must
g0 against creds of e pins. Also, iy
best b have zem clearance betwoen
the end of the wnst pins ind retaimens

You should've already checked for
timing chain and sprockel wear or
gear tooth wear as described in
Chopter 3, page 36, [f vou have, you
should know whether or pot you'll be
replocing them, I suggest that even
though your timing se checked ol
OK, replace it if you wani your
engine b be ol least ax good s 0w
when new, Assuming tha vou'll be
replacing the timing set, what you
need 1o know pow is how o get the
sk [or your modey,

Chain & Sprodket

There are two basic types of chisin-
snd-sprockel timing sets: the silent
chain and the roller chain. There are
sub-classifications of cach,

Rodler timing.chaln set has thres keyways in
crankshaft sprocket. This allows cam o e
timed B8 desigmad by cam manufacturer.
sdivanced 4* for mono lowerspm torque or
retaeched 47 for Migherspm opatation.

The silent chain uses sieel plaies
that pivot on pins. As the chain wraps
around its sprocket il liteeally forms
gear teeth. This tvpe of setup i very
strong amd has been used for vears
The difference here is in the cam
sprocket.

With the silent cham an all cast-iron
or 4 composite shuminum/nylon
sprocket 15 used al the cam—a cast-
won or powder-metal sprockel is nsed
at the crankshaft. The cast-iron ¢cam
sprocket is more durable, but the
aluminum/nylon one is quieter. The
problem is the nvlon teeth tend 1o
crack and break off over time and fall
inta the oil pan. Two undesirable
things can happen as a result. The
chain can jump teeth, knocking the
cam out of time with the crankshaft.
Either the engine won't run at all or it
will run very poorly. Secondly, the
mylon teeth will ger drawn up against
the il pump strainer screen, biocking
ail flow 1o the engine and causing a
drop m oil pressure. [ can leave the
Test W0 VOur irmaeinaton.

Double Boller—A more durable
setup is the double-row “rolles” chain,
s sirmilir tor & bicyche chan, but with
wo rows. Although this timing set
isnt  as  quict, some OEM
manufacturers have gone to it for ity
durability in high performance and
heavy-duty applicarions.

I youn opt for the “roller” chain, you

have a choace: a chain with mllers that
don't roll and one where they do, |
suggest you go with the type thai
does. Although many engine
component manufacturers offer the
rolling roller chain, Cloyes True
Roller chain-and-sprocke =2t i= the
best known. In addition to s true
roller feature, the crank sprocker has
two additional kevways, one for
advancing the cam 47 for more
bottoam-end 1ongue @nd retanding i 4
for mare wp-end power, 17 you wani
even more sophistication, Cloves
ofters a True Roller setop where cam
timing can be fine wned around the
three basic Gmings. Forget this last
timing set, though, unless you will be
dymning your engine. Otherwise you'll
be guessing and chances are you'll
EUEss wWTong,

Gear Drives—I'm jumping the gun
on gear drive cams, but Ldon’t want 1o
lose these of v with engimes using
chain-and-sprocket drives, You may
be able to modify your engine 1o
accept a gear drive, although it'll be
expensive. Many aftermarket
suppliers offer them. The big
dilference here is an idler gear
nstalled between the crank and cam

gears. This 15 g0 that the cam will
rotate im the same direction as it
would wath a chan dove.

As for the advaniage in going (o a
gear drive, vou'll eliminawe the
problem of chain “strech™—which is
glongation due 1o wear, This is an
awful expensive approach, though
The reason most go 1o gear drive
cams is for the noisc! Street rodders
like the blower-drive-like whine
coming foom uncemeath the hood of
their '32 Ford, '35 Chevy or whatever,

11 vour engine wis equipped with o
gear-driven cam, the cam gear may
have been a phenolic resinfsicel-
Codnprosile rumning asainst o sleel pear
at the crank. This setap makes For
fjnet operation, hut you can g to the
more durable cast-iron cam gear with
only a slight increass in engine nase,
but improved durability:

Withoul exception, the oil pump is
one of the most durahle componenis
in an engine. The reason is obvious, 1f
the oil pump fails, engine failure is
nid far behind, This in isell doesm
mutke an oil pump charable, bat ol doss

mumumummhmdmmn—mmﬂmm

an rotors or |

I mtor and internal motor-to-housing clearmces are

mﬂﬁlmmwmmﬂhmlﬂ“mﬁm Thay must
b9 reinstalied In thelr positions to the housing and aach othar.
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Cower plats in hold in position ower roton

make o) pamp durability a major
conssderabon duning engine design
Al of o't hun thet the odl pumg is
drenched in ol dunng engine
vperation. Consnder, though, than thas
ol 1 hasically unfiltered except for
big chucks that are removed by the
pickup screen. I these particles are
larger than iniermal ¢learances in the
Pump, wear amd sconng resull, —or
winse, pump kckup

Al things considered, dona’t think
that inspection
For example, engine
rebaulders replace the ol pump wath a
new o o stendand practce. Just the
same. ol pump problems are
relatively few, particularly with a
well-mamtaimed engine—onc that's
been ireated W frequent od] and Giler
chinges

High Volume Pumps
Some advice: If the oniginal ol
pump checks out OK, use o, if nol,
replace il with a stock ofl pump, not 2
high volume pump. The reason is
smple: A hagh volume pump wastes
horsepower pumping oil that the
oiling system doesn't need. If you
were wondenng. the man difference
between a standard pungp and & high
vidume one s the gears of rodors in
the later versum are bonger or have a
kwger diameter and more teeth. Ths

nl-pump 1nt

NCLTS%ATY

T4

Make jufs prossurs reguistor valve moves Spaby Ilﬂﬂruﬂ_ﬂﬂtﬂ:
Impactions s vilee iy sosking D I® g hinser of catbureton cleares s working

walve Bach arel lorin

pump then displace more ml for cach
revolution. Unce regulated pressure is
reached, surplus ol s routed directly
hack to the oil pan without going
through the lubncaion system, thus
winling power o pump il 50 why are
hagh volume ool pumps avadlable”

High volume pumps are used ooly
o maintain ol Pressure in engines
that have increased ol clearances due
o hegh wear or are bult for racing o
provide addimional cooling. In these
cases, wider clearances mcrease the
need for addhtional sl w0 be pumped
to maintain the desired pressure
Conseguently, the volume of ol being
whipped around in the crankcase is
increased. However, being in the
horsepower business, many high
performance engine builders have
gotien wise and don’t Build in
excessively high clearances und,
consequently, don't need power
absorbing high volume pumps. This
reduces wasted homepower, load on
the pump drive and oil foaming

As for restoring amd inspecting the
origmal pumg, stan by scrobbing the
outside of the assembly with a suff
bristle brush in solvent. This will keep
debris out of the pump when you
desassemble i

Wash out the pump internals by
submerging the pickup in clean
solvent and rotatng the pump with its

driveshaft until solvent gushes from
the pump outher. If ntating the pamp
clockwise several times docsnt cause
it to pump solvent, simply furm il
counterclockwiie. Unce solvenl
flows, it won't lake long for il to
become clear, The pump s now clean
inshde and you can stop fuming
Teardown & Inspect Pump—With
the pump over a dran pan, hold # in
several positons fo allow solvenl o
dran. If the pump has a bolted on
pickup, remove it 1o make handling

pichup 1o pump. This one bels sn Cosck
through Rangs ot bolt bole |serow) in mew

casier—don't go 1o the trouble of
removing & pressed-in or screwed-m

You'll have cither a gear pump or
rotor pump. The first has wo exiernal
gears—a driving gear and a driven
gear. The motor pump has one nternal
rotor and one external rotor

With the pump positioned over a
bench, remove the cover acrews or
bolis. Be careflul that the gears or
s o't fall ou ondo the Tloor and
got damaged. Before you remove the
gears, mark them with a felt-tp
marker so they can be returned 1o
their same positions. All youTl need to
kv albous the motors s which end of
the driven, or outer, rotor installs into
the pump. Even though both
rotors should be marked in some
munner, mark them anyway jusi
o muake sure

Inspect the psmp body and
gearyrotors. Deep sconng, prting and
chipped teeth indicate the pump
ingested large metal or din particies—
replace the pump. If yvou don't find
mything bt minor scratches, s OK
o reuse the pump providing
clearances check out DK,

End Clearnnce—Rcgandiess of the
type of pump gears or rotors used,
gear or rotor emd cleamnce should be
in the 0.0 -0.004-1n. range. To
messure fhis, the gears o rotors must
be in place. Now, hold the cover
firmly over the pump body so it
covers about half of the gears. Using
feeler gauges, Mind the one that [its
snugly between ¢ach gear and the
cover. If ir's an the L0010 0010
range, énd clearance 18 OK, Consader
MN2S i clearance wdeal of the pump
body s cast iron; 0.0015 . of it's
aluminum. Why the dilference?
Because the thermal expansion of
sluminum 1 greater, end clearances
with both pumps should be the same
o their operaiing lemperiures,

You can also use Plastigage or a

End Clearance—If everything checks out OK, but pump end clearance i
excessive, you can casily cormect it by sanding the pump body. Youll need a
sheet of 120 wel-or-dry sandpaper and a section of thick glass to provide a
rigid Mot surface on which o sand.

With the sandpaper on the glass and wetted with solvent. position the pump
body mounting face against the paper. Move the pump body back and forth,
trying 10 remove the same amount acrns fis face. Do this by holding the
pump body square (o the glos surface and moving it back and Torth as you
press evenly and lightly—don't let il rock. Do this by positioning your
fingers as close 1o the sandpaper and low on the pump as possible.

Check your progress with feeler gauges and compensale as you sand so
you don't remove oo much metal and that it is removed evenly across the
pmp face. Also, keep the sandpaper washed off and rewet it with clean
solvent.

Before you install the pears or mtors o check end clearance, wash off the
pump body 1o remove the mital and abrasive gt These particles will affect
your measurements if not removed,

I ened cleorance is under the optimum=—0.0025 in. for cast-inon bodies and
0L001S in. with aluminum—increase clearance by performing the same
sanding operation on the gears or roton. Remove material from the ends the
cover installs against. Here yoo can use owiside mikes to check your
progreds. Just subtract the amount you wish 1o remove from the thickness of
the gears or mofors and work jo tha dimension. Dont forget 1o clean them
before miking their thickness.,

One casy andd beneficial thing 10 do is 10 break, or chamier, all sharp edges
of the pamp body and geanyvolon. Use a very small, fine-tooth fike o do
this. Afterwards, flood the pump and gears/rotons with solvent 1o remove the

Secure Pickup—1f the pickup falls from the pump you can be sure engine
destriction will quickly folkow, To prevent this from happening make sure
the pickup it positively secured 1o the pump body, If the pickup s pressad
it the pump, secure it by brazing. Before you do this, remove the presure
relief valve and spring. If The pickup is bolied 10 the pump, cross-ill the
bolt beads and safety wire them. As for peckups that thread imo the pump, no
akditional steps are required o secure them. Just make sure the pckup will
be sqpuare o the botiom of the ot pan when insudled.

depth gauge for checking end
clearunce. With Plastigage, just lay o
strip on the end of cach gear, inatall
the cover plate and remove. Check
end clearance using the Plashigage
sleeve just as for checking beanng
clearances, page |19, However, if you
have a depth gauge, use i I will
yiekl the most accurate results,

Pressure-Reliel Valve—About all
you have o do here s make sure the
valve moves [freely. Use a small
screwdrniver of scnbe b push on the
valve, which may be a cylinder or
ball, If #t moves withou bending, it's
OK. I ot doesn't, soak in lacquer
thinner or carburetor cleancr to
lixmen. B



[ all major assemblies. the

condition of a cylinder head

wsually has more 10 do with

engine performance than any

other. And woubdn vou Know
i? Except maybe for the valvetrain, a
cylinder head b more likely to need
altention before components such as
the pastowrs, crankshaft or connecting
rods. 5o itf's nol encomumon that a top
overhaul alone will comect an engine’s
performance problems. But beware
Increased combustion chamber
pressures due 1o betier valve sealing
usually cause excessive blowby
leakage down past the pistors. This is
more likely 1o occur with high-
mileage engines

I've included cylinder-head tear-
down, inspection, reconditioning and
assembly m one chapter. P've done this
because that's the way ¢ylinder-head
reconditioning s psually done: Once
cylinder head weardown begins, an
engine shop typically cames cylnder
head work theough o completion. The
assembled heads are then set anide
while the rest of the engine is
revonditioned.

Do It Yoursell or Farm It (w?—
Although 1 cover cylinder-head
reconwditionng in detail, @' best that
you farm out this work. Why? The
expensave, specialized equipment is
the first reason. At the minimum
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valves,

you'll meed a valve grinder, valve seat
grinder or cutters and goide-
reconditioning equipment to do the
job right. You can't remi such
expuiprnent and. unless you have won
the lottery, there certainly tsn't any
justification to buy this expensive
eqpuipement for domng one rebaild—or
even an occassonal rebuaild

In the event you have soceas toa
shop full of equipment, you must
know how to use 1. It's a Jot easier 10
tell someone to recondition valve

guides than o do it yoursell, So, if
yious ot harve the ools or equipment,
tike your cylinder heads 10 a good
machine shop and have them do the
job you want. [t won't take long nor
will the job cost that much if you
consicer the time you've saved. I you
opt o go this route, you should sl
read this chapter. What [ rell you here
will give you a working knowledge of
the process so you can betier choose a
cylindet head rebuilder and explain
exactly the work you wand done,

Rockar srms use commean shaft for mounting. When removing rocker am assembly, keep all
parts crgankred so they can be returnad o thelr ofginal positions. This ncludes stands pnd
boits.

.« Stan out your cyvlinder head work
by soaking the heads with degreaser.
Remove the loosened deposits with
spriy from a garden hose or avoid
making a mess al home by faking the

' heads o a local car wash, Once there,

apply the degreaser, then use the hlast
from the high pressuré spray 1o
remove baked-on deposits. A more
thorough cleaning will come later.

Begin by removing the spark plugs
now. Don't discard them, though.
They will come in handy for sealing
your engine ar assernbly time. Also,
they'll work great for “masking” the
plug holes when painting your new
engine.

Rocker Arm & Pivot
Relationship

If your cngine uses individunlly
mounted rocker arms, they shoubd still
be on the heads, It's now time 1o
remove them, but head this warning:
Keep the rocker ams and their pivots
together, They are matched sets. Mix
thern up and they will gall, sending
mietal particles to the oil pan and
through the 6il pump.

To keep the rockers and pivots

topether, slide them over a 2-Tool
length of wire. Loop the wire through
the first mocker and pivot, then slide
om the others; rocker and pivor, rocker
and pivot . . . uniil they are all on
Additionadly, if the valves don't need
1o be reconditioned, you must keep
the rocker anns in order so they can
be reinstalled on their valves.

Valve Removal

Keep the valves and springs in order
a5 you remove them. If the valve
guides dont need reconditioning, this
is a must. If they do, keeping the
valves and springs in order doesn’t
matter. The problem is you may not
know whether or not they do. Like
other moving pars in an engine,
vitlves and guides wear in logether, so
they should be kept together unless
one or the other 15 replaced or
remachined.

To do this, either drill the same
mumber of holes as there are valves in
a length of wood—a vard stick does
nicely—aor punch the holes in the
bottom of a cardboard o, Make twio
rows for two heads and label them,
Murk the holes so you'll know
which head and guide sach valve
came from,

With two heads, mark each one R
amd L with a letier or center punch
and indicate likewise on your valve
holdmg "fixtures.” Mark the heads
with letier punches or a center panch.
Such marks won't be removed by
cleaning in enging cleaner as paint
would.

Ax | =uid earher, this extra care is
unnecessary if the puides are
reworked or the valves are replaced,
But saving the valves if af ol possible
is 4 good kdea because thev are
EXPENSIVE.

Remove Valve Springs

You'lll need a valve spning
compressor 10 remove the valves. The
most commeon is the C-type, 30 called
bescanse of the shape of its frume. A
fork-lype compressor can also be
psed, however it s for use with a head
installed on the engine.

A C-type compressor siraddies the
head. The C-clamp like screw end
butts against the valve head and the
gquick=acting end fits over and around
the spring retainer. As the compressor
lever or screw is operated, it forces
the retiner down, compressing the
spring against its spring seat, This
exposes the keepers—oollars. keys or
locks, if you prefer—allowing them to
b remicnwved,

These half-round, wedged shaped,
devices with one or two rased beads
on their [D wedge between the
retiner and valve tip, locking the
retainer to the valve as the spring
pushes up. The beadis) fit in a
groove(s) in the valve bp dnd the
wedge fits into a tapered bore in the
center of the refiiner.

Keepers seem to "grow” 1o their
retainers over time and with use.
Consequently you should break the
retainer loose from the keepers before
coampressing a spring. 1 you don't, the
compressor may be damaged if you
fiorce in, Use the following method for

FEd




Wik wood Mook umies velve sl brak
lonse spring retalner by striking sochet
ploced against retalner with sofifncaed
Kammer, Be carelel, This may release
koapar. allowing retaines and sping ts fiy
an,

doing this; as vou begin (o compress a
spring or before you attempl Lo
compress i1, Just as you begin to
apply pressure Lo the spring with the
COMProsson, tap on the
retaimercompressorn with a soft mallet,
This will break it loose from the
keepers, ullvwing you io compmess the
spring and release the keepers,

Thie next option for brepking loose
vilve spring retiiners i used by most
engineg rebuilders. The reason is
simphe—speed. It's o bot fasser and, if
done corectly, a spring compressor
may nod be needed to release the
keepers and retainers from their
vitlves, Sound appealing” Here's how
1o do it

Find a small block of wood, one
that fits into the combustion chamber
g butts squarely against both valve
heuds, Position the head with its
gasket surface down, Fit the block of
wood under the valves of one
combustion chamber, Now, using a
5/8- or Md-in, deep socket, sei 1l on
the retainer and check s 1. I should
bt smugly against the retainer. You'll
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AR imaking lpose relainei. conpross valve spring jus! enough to allow oyl of keegnn.
You'll meed & valve spring compressor to do this.

also need a brass, lead or plastic
mallet

The problem here i retiiners tend
o go fying when released in this
mianner, s procecd with caution. Stn
by laying o rug over the spring and
retainer o calch any wayward
keepers, Position the sockel agalnst
the retainer and strike it with the
mallet. Keep a firm grip on the socket
just in case the keepers completely
relense,

Remove all retainers and keepers,
but don't concern yoursell about
keeping them in order. There is n
minor exception, though, Some
exhuyst valves use a special retadner
called o rotator. Its job is W rotide the
exhuwst vilve so it seals in a different
position on lis seat every lime
it closes. This improves cooling
and, thus, increarod exhaust-valve
durability.

Remove Valves

Once the retainers, springs and
related hardware are removed, slide
the valves from their guides. This may
not be so casy on high-mileage
engines as the tip of the valves may be
burred over. Fix this by placing o N
file & an anghe against the valve tip,
Mow rotate the valve while stroking

the file against the edge of the tp,
This will remiwve the burr, allowing
the valve 1o slide out of its guide.
Also, if the valves use O-ring seals
installed in o groove just below the
keeper groove, remove them with
needle-nose pliers or & scnibe,

Some valve spring assemblies
comyist of an inner and ouler spring or
a spring and damper. The damper is &
st wire wound to £t tghtly inside the
lnrger spring. The damper and small
spring accomplish simdlar Tanctions:
Each controls the valve in a mumner
similar to how a shock absorber
controls the suspension of a cor, The
difference is the inner spring also adds
sliffness 1o that supplied by the ouler
spring. A few high performance
engines use Iwo springs—an inner
and outer-—and a damper.

Store the springs and, if used,
shims, dampers and spring scats o
you can reinstall them in thedr original
positions, 11 there's no senl and vilve
work done, they should go back in
their original positions. But if the
seats of valves are reconditioned or

replaced, puiring is not necesgary,

MW'

Some valve nssemblies use one or

maore shims between the springis) and
head. These thin washer looking discs
ure installed under the springs 1o
restore  height  andfor  spring
"pressire.” You may also find o spring
seat that mstalls between each spring
and (he hesd, particutarly if the hend
is aluminum. In this case they are a
must, These hardened steel discs
prevent the springs from "éating”
through the soft alumingm spring
paicds,

One other component sometimes
nstilled under exhanst valve springs
is a rotator. This accomplishes the
same thing as the combination
retainer/rotator, but it moves the
rotmor assembly from the inertia of
the valvetrain. In plain English, the
cam fobe and valve spring don't have
o move it during valve opening and
closing, thus reducing the load on the
vadvetrain, It also incresses the usable
rpm of he engine because valve float
will occur at a higher tpm assuming
all other factors are equal.

CLEANUP & INSPECTION

Before inspecting or reconditioning
& head, thoroughly clean it. The best

To ersure sealing. head gaskel and other gashet surfaces must be ciean aorvwn to beee metal.
Be canslul wien scraping dhaminumn cyfinder heads. Use chemical gaske! remover anl plastlc
scrapes on pheminum, A leege flat file 5 used to smooth over imperiections. and mmove small

blts of gashet materal,

and easiest way to do this is at the
machine shop. If you haven't shipped
the block and its parts to the shop,
deliver the heads to have them
cleaned at the same time. Otherwise,
you'll have to degrease and
decarbonize them yourself.

Once you have all the prease aod
grime off, remove carbon from the
combustion chambers and ports. and
gasker material from all sealing
surfaces. An old screwdriver or smull
chise] is handy for removing heavy

Rotary wins brush in deill motor works: best. but blant screwdriver and hand-oparsied wire brrsh
will got carbon out. Again, be carehul wiven working with alsmisem. hest b careful.

carbon deposits. Just be carcful not to
damage the valve seats, spark plog
threads or head gasket surface.

Caution: For aluminum heads. be

very careful, particularly with the
head gasket surface. Aluminum is
easily damaged,
Finigh the combustion chamber
cleaning job with a rotary wine brush
chucked in o 3/8-in. drill motor. This
will pat a light polish on the surface
50 YOU Can spot cracks easier,

Turn your attention to the gaskel
surfaces, Here, a gaskat scraper works
best. A putty knife will also work, b
unlike a gasket scraper it will flex
when pressure is applied to it.
Whatever you use, be very careful not
10 gouge the head gasket surfoce. This
could provide a path for combustion-
chamber pases to escape.

When vou think you have the head
gasket surface “perfectly” clean, mn
your hand over it You'll be surprised
by how much you didn't get. All
gasket material must be removed.
When you've reached that "perfect”
stage, run a large flat file across the
head. High spots will show up as
bright areas. This will also remove
any light burrs, remaining gaskel
material and  other small

P



Chpuh hmad surisce Asiness wilh o precision sirsighl sdgs and lesler gauge. If D,
|0 LCemen| lppier goagie e wnder Gar hedd shoukl be redarinced For an inilse sl aed sight,
mushn B 0000 . [0 1%mm) sl U008 m (0 Merenl, respactivaly,

impeTiec i

D't fewget the water passages. Lise
a pocketionife or small screwdnver to
rermeove any large deposits, then finish
Tor remose all
tha junk that fell o the head, tum i
upright over some okl ewspapers of
a trash can and mowe 11 anound until

up with a rowd file

the ke dichrin falls ot

Head

For a ovlinder head 1o seal besi
agamal the block, the gasket surfaces
st by armght. But of the heads are
cast ron and you're sure the engine
has st been overheated, chances ane
they arent warped. Check them
Repeated heating and
conling over the years from starup
heating amnd shutdown cooling can
warp the best cvhinder head. To check
a head for warpage youll necd fecker
gahliges and a preciakon stralghiodge.,

Make sure the cylinder-head gasket
surfaces and sraighiedge are perfoctly
clean belfore checking warpage. If
there 1s any gasket material or din left
on the head you win’t get an accursic
resding. 5o run your hand over the
hesd-gasket surface once more. Also,
run your hand across the machined
edge of the srughtedge. Wipe both
surfoced thoroaghly immediately
before making your check

Cencrally speaking, a head that's
warped more than 0004 in . | Dmm

ANY WY
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(0L m AL | S for an mline wix or
(008 in ) Xmm for an eghit) should
be reaurfaced. With this in mand. set
the strmightedge lengthwise on the
head. Try o slip the lecler gauge
between the straghicdge and head. To
make this easier, poition a light on
one side of the strmghiedge and ook
at it from the opposite side. H vou see
light between the head and
singhtedge, try slipping the fecler
gauge under the straightedge o thal
point. If o (LN-in AL 10mm feeler
pauge shides undemncath, try a thicker
gauge, For example. if a 0.008
in 0. 20mm feeler gouge lits, then the
head is warped (008 080 Xmm, I
should be resurfacesd

Check the head lengthwise from

side 10 side acrons the head, paying
particular altention (o the narrow
section between each combustion
chamber. Place the straighiedge
diagonally across both cormers to
check for rwist

What's considered too much
wiirpage depends on the type of head
gasket being used. For instance, the
thicker composition-type gasket used
with most engines ax opposed 1o
metal shim-type gaskets will wlerte
some imegularity between the block
and head. Modern composition
gaskets use materials that replace
ashesion such as Keviar or fibenghass,
They are further remnforced with steel,
copper of aluminum. 5o if this is the
type of gaskel yvou'll be using, an
addivional 0.002 in /O.05mm of
warpage can be folered

A shim gasket m another maner. It's
made of a sheet of steel, copper or
aluminum, meaning it can'l
compensale for much il there's any
warpage. Limit wtal warpage w0 00032
in AL{5mm with a shim gasket

Cylinder Head Milling

If one or both heads of a V-aype
engine are warped, both musi be
milled the same amount. This is so
both banks will have the same

ary ather consitetionrs Compresiion may be raised to too-bigh o el sed
shuetes pushrmods may b sesde] i Fgke srme we ot sdjuatabés Valve fo pelon Cleamates
il pnn b pwafuseal

millad. For maniold that ssals ts fop of ook, bottow side should sis b masrfsced How
mpch Moterial that ihould be Mddeed Fam de s Boftom of Mulniiond Srectly relstes o that
remievad o o piisdes hodds

compression ratio. Mill st one hesd
and engine idle will be ough due o
uncqual compression. Additionally, if
more than 0.030 in. /0. 76mm is
femoved from the heads, the intake
manifold rnners and bolt holes will
nod align with those-in the heads

I more than 0.030 in 0. 7T6mm s
removed [rom the heuds, a
proportional amount must come off
the sides. Additionally, if the manlold
scals o the block, material must be
removed from the bottom of the
manifold. Refer 1o the chant for how
much o remove from the sdes and
bottom of an imake manifold wsed
with a V-type engine.

Milling Tips—Don't remove any
more than what s needed 1o cormect
cylinder-head warpage. Take oo
much off, say (015 n A0 38mm, and
some things may be negatively
affected, such as: compression ratio,
valve-to-pision clearance and pushrod
kength

Many engines buili prior to (973
had very high compression ratios—
average was 10:1, but 12.5:1 for high
performance engines was nol
ncommon. Although good for power
and economy, the drop in gasoline
oclane that followed made il

compression ratio of one of these
engimes

Although combustion chamber
shape and stroke-to-bore ratio affect
changes in compression ratio by
milling. there's approvimately 1710 of
n ratbo increase for every 0.0 in
removed from a head that has the
average combuston chamber. So if an
engine had a 10.5:1 compression ano
andd (L0601, was removed from the
hewds, an 11:] compression ratio will
result. Don't forget, too, thal the
valves will get theet much closer o the
pistans, For mire on compression
rabo, tum to the sidebar on page 103

A demaged rocker arm siud should

INTAKE MANIFOLD VS. CYLINDER HEAD
MILLING REQUIREMENTS (90" AND 60" BLOCKS)

9" Block

Removed Frim Removed From *Removed From

Crlinder Heads Manifold Bottom  Manifuld Sides
0020 0028 0020
0.025 0.0s 0,025
0030 0042 0030
0nas 09 38
0040 0,056 040
Ln4s (n63 T4
s 0070 0030
0.055 0078 0,085
(L0 0084 (060

60° Block
020 o3 oo
s 0,029 D04
0030 L0R4 07
0035 0040 0.020
LTI (LD - o3
0045 0082 (.26
(L0S0 0058 0me
0.055 D064 0,032
06 6% s

*Double amount when milling one side of manifok

: - intaks il miliag NEures dew to Dhoss imesd WIE CYEder hoaty Aoas like saley
impossible 10 find fuel these engines m-_#-hl_h_m”mw'nﬂq-h“
angles ConMul pour egine machieial to Selermine Mucheng regeicerents

could run on. Avoid increasng the
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be replaced. Replace one if the
threwds are damaged, i wis notched
by the rocker arm, o is beoken or shad
is loose in the head. The threads may
be cither stnipped or worn so much
that the adjusting nut doesn’l have
sulfichent becakaway torgue W0 holkd
rocker-arm adjustment, Notching
occurs when the rocker arm res o
modl over on s sxhe and contacts the
stud because of another problem n
A notch is gradually
in the side of the stud as the
works back and forth
The stud may break off of
unbess s found and

the valvetian
worn
rocker arm
J!':ll'-lll: i
this continues
corvected or some other valvetrain
fatlure occurs first. A loose pressed-in
siud would have partially or Tally
pulled out of the head

Rocker Arm Stod Removal—
How vou remove a rocker arm std
depends on the damage and type ol
sud. For remeowing a pressed-in stud,
a remover can be used if the threads
are damaged or are even there. I
maitalls over the stud and wats on the
stud bosa. A o nut is fun down on the
stud, it bottoms aganst the paller and
gradually pulls the stud from the head
A ball beanng in the stud remover
redhsces effort reguired o tum the nut
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You can pull a stud without the use
ol @ special resmover. Simply stack up
o wishers on o wockel st over the
stud. Chl them to mummize fnction,
then run a nul down against the
winshers and socket. As the stud pulls
oul of the head, install additional
washers under the nut 10 keep from
runming oul of threads

If the threads are damaged or the
stud 15 broken off, the removal
becomes more difficult. If the stud
breaks off, the break nommally oocurs
at the bottom of he threads
Consequently, you'll have 1o cut
threads on the unthreaded portron of
the stud with the sppropriaie die, Put
as many threads on the stod as
possible, Now, remove the stud esing
the swme wechniue described above
Bur whest if the stucl breaks off shon™
If there isn't enough length for
threading, the stud will have o be
removed by drilling out. | recommend
that you don't attempt removing the
stid yoursell, Instead, take it 10 an
engine machine shop so you don't mik
damaging the head. TheyTl set up the
head on a valve seal and guide
machine, find the center of the stud,
and drill it out. If you sitempt this,
chances you will drill into the side of

the stud bore,

For & stud that's stripped, it might
have a portion of good threads that
can be used for pulling. This being the
case, you won't have many threads 1o
work with so you'll have to pull the
stud a little at & time in between
mhling washers

Removing a threaded in stud is
relatively emsy. All you have to do s
wscrew i unbess i3 broken off flush
with the head. It will then have 1o be
dnlled oul similar to how it is done
with the pressed in type, so the same
precaution applies—iake 1l 1o an
engine machine shop. To make the
repair. they'll drill the stod, then
remove il using a bolt extrcion.

Rocker Arm Stud Trstallation—I[
the rocker-arm-stud bore for a
pressed-m stud is i gond condition, &
standard diameter stud can be
installed. Again, there is 2 special tool
for driving in studs, but you can
improvise. Just thread two or three
free-runming nuts on the stud so the
last mut stands shightly taller than the
st Tighten, or jam. the nuts agains
one another, Using a brass or lead
hasnmer, drive in the stud umtil @ s
the same height as the other stwds.
This is particularly important with
positive-stop rocker arms. To make
this job easier, measure down from
the boitom of the threads of an
installed stud to the stud boss and
trarvdfer this messurcment 1o the new
stud with a scribe mark. Bluing the
stud before makes the scribe mark
stand out. Stan the stud by liming it up
with the hole and top it in a little o a
time. Stop driving in the stud when
the scribe line is even with the top of
the stud hoss

Oversize Studs—5nd installanon
is more complicated when you hive
1o replace one that wis loose. This is
because the hole in the head will
probably he enlarged. If you atlempt
o install the same size stud, it will

also b foose and pull out. To cornsct
the problem, an oversize stud must be
installed providing you elect o stay
with o pressed-in stud a5 opposed 1©
the screw-in type. I so, check with
your dealership or anilo pans store o
determine available oversizes and go
with the smullest one—providing it's
larger than the one that loosened
Mike the ofd one o make sure.
Examples are (L.006-, 0.010- and
(L0 5-1n, oversae.

Prior 1o installing an oversize stud,
ream the hole o an imerference fit of
(LOMMN7-in.. or 50 the hole will be
(L0000 T-im, smudler than the sd. This
will require o special reamer, or &
step reamer made just for this
purpose. The reamer will cost
considerably more than the stud, so
gonsider farming out this repair. If
you elect 1o do il yoursell though,
follow the same procedurs for
installing the oversize stud as was
used for the standard stud,

Screw-In Studs—Now, for the
methiod [ prefer—even for replacing a
pressed-in stud that doesn't requine
reaming. Simply boy a threaded
replacement stud and tap the hole
with compatible threads, When doing
this, be careful. The tap must 2o in
straight, otherwise the stud will lean

and cause the rocker amm o be out of

position. Onee threaded, mstall two
nuts on the std, jam them topether,
apply some sealing Loctite to the
threachs and mun the stud in so it aligns
with the other studs. Sealamt is
requined 1o ensure thal coolam won'
leak from the water jacket into the
rocker arm anea,

Converting 1o Screw-In Studs—
For use with a8 high-performance cam,
your heads should have screw-in
studs. I it's pot 5o equipped, consider
making the conversion. This will
require the services of a machine shop
because the stud bosses must be
milled lower 10 & precise height and

i original stud palled owt during engine
operation or damasged one pulled out easy,
ream for overeize atud, Ream should he
0.0024n. smadler than st diameter, Thread
on fwo nuts and jam them . Rum om
top nut 50 1°s ush with bop of sted. Drive fn
i wilh bemas o¢ baod madiot.

the stud hidles tapped s alignmem is
mainiained. Don't forger 1o seal the
studs,

VALVE GUIDES & STEMS

Although cvlinder head resurfacing
is normally done &t an engine
machine shop, valve puide inspection
and machining signals the beginning
of vrue cylinder head reconditioning
work. If such work is not done, a
cylinder head is not reconditioned.

A

High perfemance screw-in rocker-aam stud
compared o pretesdn stud. To convert from
pressed-in {o scrowim studs, siud bosses
must be mifed and stud boles tapped.

Cylinder head work includes valve,
valve puide and valve seat
reconditioning. And as ['ve already
mentioned, such work requires special
equipment and skills, If done
incorrectly, it will ruin what would
otherwise have baen a successful
rebunid.

It & valve guide is badly wom. it
can't guite the valve squarely onto it
seal. The valve will then wiggle and
bounce from side to side before
seqtling on the seat and closing, [t may
never close at higher rpm, resulting in
combustion chamber pressure losses
and the obviows drop in poswer output,
I this condition isn'l comected, the

Standard

§ st oy i ekl

d in place of presesd-in stud, Using 3 apecial tap, hnead

heds in stud boss. Tap has pllol 50 it fellows hole during topping to maintain stad aligement,
Apply locking saaler to stud thrends and rum stud in with two nuts jammed togethar. Measmm
1 froem stud bosa to place shisd at same helght a5 ordginal stuss.
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Mol exactly acodrate, oxperkancod enjgine
bulidar can  judge if guide nesds
meoanditioaing skmply by fasl of mow much
warlvn wigghos n puide,

st eventually beats out and guide
wear continues o an accelermied mie.
Additionally, o wom guide allows
excess oil to pass down the guide
hetween the valve stem and guide,
This causes that blue smoke out the
tailpipe, oil consumption and coke
deposits on the spark plugs, back
sides of the valves and in the parts,
Such deposits can cause engine
misfine and reduce the Now efficiency
of the ports, resulting in additional
e loss,

To head off such problems, let's
look at reconditioning the valve
guides, valve seats und the valves
themselves.

Valve Guides

There's more than one way to
correct vilve-guide wear, Be aware
that each machine shop has its
preference, Machine sbop A will bore
oul the obl guldes and press in new
ones; machine shop B will use
oversize valve stems; and machine
shop C will only install guide inserts.
It depends on where you live, a shop's
equipment and the machinist's
preference. 110 alk about each and
yiou can make your choloe. But first
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Maore seournte way of ehacking @uide i th maanirm waas how much vatve
botwean A snd B messured ol valve hoad, Divide this figure Uy 3.5 and yoo’l keve approximste
i to guide olasrmnds, Moasssinn site movesment oo,

you must determine whether or not
the guides should be reconditioned.

For street-driven engines the
advantages and dissdvantages of mos|
reconditioning methods are academic.
S0 dom't waste your time searching for
the hot tip in valve-guide technology,
Instead, read aboul the differen
approaches avallable, choose the one
you prefer after reading this chapter
ond find the shop that does it
sccording to your preference. Don't
Iry o persusde a machinist o use a
miethed he is ot comfortable with,

Valve-Guide Wear—Before you
can decide whether or not the guides
need reconditioning, you must
determine how much they ane worn.,
There are four ways o measune valve
guide wear: with a dial indicator,
wiggling the valve in its guide, with a
taper pilot, and with a small-hole
guauge and micrometer,

To check guide wear or clearance
with a dhal indicator, install a valve in
the guide. Mount the dial indicator
with its fip 90° to the valve stem or
valve head in the direction you want
1o measure wear. Maximum wear
usually occurs in the plane of the
vitllve guide and rocker am pivol, bul
maximem wear can be 90° 10 that

direction il mil-type rocker arms ane
‘used, To be sure, check the guide in
both directions wd ot both ends,

If you're menssuring al the tip end of

the stem, it the valve about 1/8 in,
ofl it seat and position the indicator
fip=it should be o Mt one—agaknst
the stem X0 o it and close 1o the
top of the guide. Push the stem away
from the indicator and zero its dinl,
Push the tip end of the valve stem
wward the indicator and reid stem-lo-
guide clearance directly. N
To check stem-to-gulde clearnce at
the valve head end, ratee the valve o
its full-open position. You can tell this

by the wear at the top of the siem, |
Positioning the valve in its guide is

made easier by slipping a short nubber
hose over the tip end of the valve %o it
aligns with the maximum wear mark.
Or simply wrap some masking tape
around the tip end and align it in the
same manner, Raise the valve 1o its
full-open position, set up the dial
indicator with its tip against the
margin of the valve, push the valve
away from the indicator and ero i,
then pull the valve toward the

; hogibaner .

Wiggling o valve in its guide o

© determine guide wear requires no

|

equipment, just o lol of experience,
This {5 normally how shops determine
I gubdes need reconditioning—Uby
feel. However, if' you have a vemnier
caliper you can do the same thing, bul
more accurately. Stan by positioning
the head as shown in the nearby
sketch—so the guides are level, With
the valve pulled down oul so its tip
end is Mush with the top of the guide,
meakure valve wigghe with the depth
goauge end of your vernier caliper,
Divide the amount of wiggle by 1.5
and you have approxinude stem-to-
pulde clenrance thit would exist with
anew valve.

Using a taper pilot is the leasl
accurate way of determining guide
wear. A taper pilot Is u wpered pin
insened inio the end of o guide until it
is snug. The dimmeter where the pilol
#ops is miked to determine guide
diameter at the top or botiom of the

* guide, The measured diameser less the

spetified puide diamicr is considered
ghibde wear—but it's not accurale, The
pilot stops at the minlmum distance
across the guide rather than the
msimum distance. 'y the saimum
distance you should look for, so don'l
use this method,

. The most accurale way to delermine
pubde wear is to measure with & small-
hole gauge and a 0-1-inch/-25mm
nticrometer, You'll need the C-gauge
out ol w wet of four small hole gauges,
Unfortunately,  you'll  have
1o buy the whale set 1o get one
gauge. Fortunately they aren't
expensive. Here's how 1o use a small-
hale gauge.

Insert the bull end of the gouge in
the gulde and expand it until it fits
with a light drag. Check the guide
bore at several places up and down
and around the bore to determine
maximum wear, After selting the

will be approximately half of B e, st w0 milke the ball
. e guge,

A

Drect measurment i (he bes! wiy of deformining valve e wear Bmal hole gaugie s first
enpanded Lo B largest seotion of guide, then i i miked. I valve stem diesmetor subithected
fram this Rgare is mons than 0.002 b, (0.08mm), guides should be moomditiorsd.

end scross (i3 widest point, Sublract
minimum valve-stem diameter from
thix figure und you have maximum
stemto-guide clearmnee, The point of
maximum guide wear will be ut the
top or bottom, so measure around the
gulbde ai these points 1o find muinum
wear, of diameter. Al measure [or
minimum guide diamerer, If the
difference between maximum and
mindmum dinmeters, o outl-of-round,
exceads 0,002 inf005mm, the guides
should be reconditioned.

Measure Valve Stems—There are
three common valve sem diameters
that fit §/16-, 11/32- and 3/8-inch
guides, Actual valve stem diameter is
00010004 in A0 10mm smaller
than the guides. This allows for the
needed stem-to-guide clearance,
Exhaust valve clearance may be mire
than that for the intakes.

To get exact valve siem-to-guide
clearance, you'll have (o measure
vitlve stem diameter ol the point of
muximum wear. Once you have this
figure, subiract it from maximum
vadve guide dismeter, You'll need
U=1+in.f0.25mm micrometer 1o

mensaire the villve slem,

Maximum valve sbem wear ocouns
at the top or bottom of the wear
pantern on the stem, Mike it in several
places to find this reading, then
sutbtract i from maximuom guide bone
diameter 1o gel masimum stem-o-
guide clearance, Use the unwom seni
diameter to determine whal stem-lo-
guide clearance would be il new
valves were installed.

How Much Clearance?—Typical
stem-lo-gulde clearance is 0,060] -
0,003 in 002-0.07mm for both
intakes and exhast wnd 0,000 50,004
in L0230, 10mm for just the exhausts
in high performmice engines or those
with aluminum heads. Consider
maximurn allowable wear o be 0,000
in A0, F2mm, Just remember when
making your decision that the mone a
guide i worn, the fastor it will wear,
The amount of maximum stem-lo-
guide clesrance you can live with
should be determined by how many
goodd miles you want from your
engine after the rebuild,

For how to recondition valves, tum

to page 91,
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CYLINDER HEAD AIRFLOW

Belore continumg on sboul recomditioning guides, |
thought 1°d take a moment (o offer some irrefutable
stutements related 1o cylinder head airflow, Fina off, the
horsepower produced by an engine at any rpin is directly
related o the amount of air flowing into it provided the
irffuel mixture s cormeet and efficiently bumed, All of
the air entering an engine must go through the intuke

exhaust pors, Sucking or blowing air through a cylinder
head on a Now bench doesn't change the flow of o
cylinder head,

The Bubble Bursts—Few other stalements made
aboud cylinder heads are o true oy those abive, bul the
following are close—and they are counter 1o mainy
popularly bekd beliefs, Believe thu: A eylinder heud can
flow 10 much air for o given engine. Indiscriminue
reshapingfenlarging of cylinder-head ports usually
reduces the flow of & head. Larger valven in o head can
reduce low, Highly polished pors flow less alr than
rogh grownd ports. A head thal Nows mone i generally
resaills in an engine that produces more power than one
with higher comprossion, Other considerations have o do
with pon velociry wd Now guality,

S0 how do vou improve the Mow elficiency of o
cylinder head? This can be done only through the use of
the right equipment, specifically porting tools in the
hands of o prodessional wnd a Mow bench whiere he checks
hix work, So if you plan on doing your own cylinder hed
modifications, confling your work 1o areas that
“guarantee” improved alrfllow. We'll look an this work
lwter but for now het's tike o quick ook s esch of he
porints mide above so you'll be wiser when B comes 10
modidying or choosing cylinder heads for your engine.

Stoichiometric—The best all sround airffoel ratio is
called stodohiometric, which translates 10 14.7 pounds of
Al for every one pound of Tuel, For maximom power the
abrfMuel ratho will be as low ns 12.5:0. If vou consider that
alr welghs about 8 one-thousandthis of a pound for each
gallon at standard lemperature and pressure and gasoline
weighs about 6 pounds per gallon, 1200 gallons of air
must (low into an engine for every gallon of gasoline.
When you consider the engine must inhale ot least 12.5
times the amount of air in weight of air for esch pound of
gasoline, that's o lot of volume,

Improving Port Flow
1's possibile that an engine's cylinder heads can fow 100

ports and all of the gases that leave must go doough he |

smaller carburetors wd valves ure used on smaller
engines and low rpm engines—io maintain airllow

velocity. Heads with 1o much flow capacity kills the
botom-end power of an engine for the same basic renson |

With that said, the fact Js most engines usally don't
have such o problem. This s panticularly troe if increased
power al higher rpm is desined. I's then difficult (o get
100 much air into an engine with the original
heads. So il you don’t have a Boss 429 Ford, Hemi
Chrysher o similar big-valve head o o street car ongine, |
chunces are your engine could benefit in the cylinder
head Now department.
11 you are determined 1o modify the heads but doat
have a big bank account and & head porter with a flow

bench, the best thing to do is restrict cylinder head
| modifications o areas that are most likely to improve

| in the business of fowing and porting cylinder heads. But
if you msist on doing it yourself, keep in mind that
indiscriminate removal of metal from a port usually
redinces flow,

Areas o modily that will almost always improve
airfiow ane the valve seats and valves, I done comeetly,
{tow with the valves jost off their sears will greatly
incresse. In fact, up to g 25% incrense in girflow can be
ruumdﬁth:ﬁ:gnlﬂi;hd_mlﬂ.ﬂotmﬁm
be gained from that point on, but the gain is major
considering the work required fo per it Note (hat the
following modifications described don't change port size,
Consequently port velocity i not oaly maintained, it is
increased due to the incrensed volume of air fMlowing
through it

- Modify Seats—Do this with o three-angle valve seal
ﬁnﬁﬂ.‘hﬁﬂdﬂﬂﬂdmwﬂ Start by grinding or
 cutting the 457 valve seals 5o their outside diameters
match the outside diameter of the intake and exhaust
valyes, respectively. Blue the seats und do o 30° fop cul 1o
 establish seat OD. The top cut is made on the
combastion-chamber side of the seal, or above the valve,
_hmﬂhmmmmMMMWﬂﬂm
the valves will overhang their sewts by ai least (L010 in. a1
the periphery. Under no circomstances should seat OD be
larger than valve OD, Check seat dinmeter with a pair of
- dividers and a f-inch scale,

To establish seal witlih, make 3 60° or 70° bottam cut,
This is made on the port side of the seat, or below the
valve. Intake seat wadth should be no less than 0,060 in;
exhaust seat width should be no less than 0080 in. Check
| seat widths with o small strip of heavy papes. A business
| cardd s & good thickness. Make two sets of tick marks at
| the edge measuring 0,080 and 0.060 in, between them,
respectively. The bottom cut cun be blended inio the port
with:a die grinder.

- Maodify Valves—Do this by making a 307 back-cut on
the back side of the valve head between the fuce nd
mmmmmmhmummuw
 valve face. Be very careful that you don’t get into the seat
| 50 far that the valve face won't have full comiaet with s
seat It should be at least 0,100 in. smaller than the seal.

Radius the mangin into the underside of the valve head.
O the exhaust valves, all you need to do is break the
Mmm“wmﬂu:ﬂpm As for the
mmmumwmmm

flow. Otherwise tike your heads (o a professional who is.

Even though it's easior. you dont need a vabve grinder
for doing the work just described. IF the valves are new or
fuces have been reconditioned, all you'll need is & drill
press and a flat file or die grinder with a barrel-shaped
stome, Chusck the valve in the drll press and turn it on,
Uise the flat file or die grinder 1o make the back ol and
mirgin-fo-valve head radivs. Use a pair of dividers (o
check that you don’t intrude on the seating portion of the
valve face. Be cameful that you don't touch the valve face
with the file or grinder:

Manifold to Cylinder Head
Muatching

Although Il'h". following is not a pont modification, i
certainly affects port flow. Its also something you can
do—match cylinder-head-port shape 1o those of the
intatke aned exhiust manifolds.

The transition between the evlinder-head ports and
indake or exlaus manifold rmers should be smooth for
efficient flow, 1s OK, however, for the intake manifold
runmers 1o be slightly smaller than the intake ports ot their
mnting faces, but not lerger. The reverse s true at the
exhnust side, It's OK for the exhaust moanifold mnners (o
he slightly larger. But pnder no circumstance shoold a
gasket extend inlo the port. Tis opening should be ol the
leust the same shape as the shape of the port at its

Eatensive madiBeations waro mide to Intake and sxhaust ports e
step ot a time in bobwoon data gatharing on flow benoh. Oneas
desired ivtake and exbaust porls shapes war arihved 8L remaining
imtalos aed axhawst ports wore shapad to mateh, o time-conauming
and exnpenibe operation.

-



C vlinder Heasd Airflow, cont,
entrance of exil, of slightly larger.

The problem s checking pon-io-manifold

This is the most difficuly and mportant part of the
matching process. For example. if yoors is a Votype
engine, you'll have to do a trial installation with the
heads, mtake manifold snd gaskets on the
150 (therwise you simply need 1o do a trial manifold
installation 10 the head with the pasket in place.
With the manifold installed—intake of exhauss—match
mark them. Do this with layout bluing, a straight edge
and o scribe. Paint with bluing across the manifold,
gasket and head at both ends of the manifold flanges.
e dry, lay the straight edge across the gasket joint 9
10 it and scribe 3 araight line. The line should show up
well o the manifokd and head, but meay be difficult 1 see
o the gasket, so make a good indention when you cross
it And 10 cnsure vou dont ose track of which end of the
gasket is which, offset the marks from one end of the
manifold 1o the other In other words, make the match
mark ot the upper end of the flange and the other at the
lower end. Make sure you do both sides on a V-
configured engine. Check the mark across the gasket and
deepen it if i's not highly visible before you remove the
manifold. Also. indicate on the gasket MANIFOLD

cngine, page
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Recondition Guides

As | mentioned earlier, there 18 mone
than one way to recondition a valve
puide. Some are hetter than otfers, but
there are a lot of opinions as 0 which
i best. If you don't like what one
engine machinmd save, ok another
one, To cul through the smoke,
following are the facts about valve-
guide reconditioning as J know them
From these you can make your own
pdgments

As | said earlier, different shops
have different ways of doing guide
work. Your challenge is to determine
which way you would like vour
gundes reconditioned, then Nind the
shop thai uses the method you've
seftled on. Whichever method you
choose, be aware that guide work
must come belore valve seat work,
This is to ensure that the seat is

concentric with the guide. For the
same reason, anytime valve guide
work is done, the valve seals mist be
reconditioned.

Let's take a closer ook of the most
popular gusde reconditioning methaods
in detail.

Knurling—This is by far the
cheapes! way b0 restone stem-io-guide
clearance. The problem is a knurled
valve guide s like anything el that's
cheap—cost and gquality go together,
A knurled valve guide doesn't last
long. You don't pay much, but vou
don't get much, either.

T kel & uicke, a special knurling
twod is run into the guide. This ool
doeint add material to the guide,
Instead, it rames thread-like ridges on
the guide surface. effectively neducing
the imide diameter of the guide bore,
To wrive af the comect [, a ream is

run throagh the guide.

The problem with this method is
only the tops of the ridges now
support the valve stem, thus greatly
reducing the guide-to-siem bearing
mrea. It would be like putting skinny
tires on a high-performance car. Wear
v rapid even though perceived stem-
to-guide clearance is restored. Ol
consumption will be just as bad or
wiorse than before. So don't knurl the
guides if you want a top-notch job,
On the other hand of a bong service life
i nol a concem, knarl away.

Oversize Valve Stems—I{ you find
that the valves need replacing because
of stem o tp wear or anything else
that makes them unserviceahle,
replacing them with ones that have
oversize stems is an option. This
approach is even more desirable if the
guides peed 1o be reconditioned. All

0.015-in./0.38mm

thinwall valve guide inaert starts by reaming ordgingl gulde oversize so i wiii accopt
Imsart. bnsedt s then driven Into place using Inmer and outer mandrels, Excess materal ks
trimmed mwny, then insart |s sxpomdod se mew gelde fts tghtly in original guide. Guide Is

remmed to fingl aice,
you need to do s mstall the new
valves and restore the guides hy

Before you take this approach,
check the availobility of valves with
oversize stems for your engine. For
example, standard, 0.003-10,0.07mm,
and 0.030-
/0. Tomm-oversize stems are
wsually offered, Before vou muke the
final decision on which way to go,
compare the combined cost of valves
with oversize stems and reamed
guidies (o the cost of new standard
vithves and reconditioned guides.

Yalve Guide Inserts—In my
opinion, using thin-wall msers s the
most  cost-effective way of
meonditioning valve guides. They can
actually perform better than the
arigmal guides.

Thin-Wall Inserts come in twio basic
siyles: A sleeve-lype that is driven

im0 place and & spring-like mser that
is threaded into ploce. Materal for
bath 15 & bronae alboy.

The thin-wall bronze valve guide
insert is installed by first reaming the
original gurde oversize, The insert,
which 1s approximately (LOG()-
i1 52mm thick, 15 then drven inio
place using o special driver and
expandid by punning a spiraling tool
through it, Because the insert is longer
than the gunide, excess material is
trimmed and the guide is reamed 1o
size.

To install the thread-type valve
guide inserl, a thread is apped into
the existing guide. Afer 1apping, the
insert is threaded ino the guide and
expanded 10 lock it into place so the
vilve and the insert can't work
sideways in the theead, and so the
backsides of the thread will be in
intimate contact with the cylinder

head for maximum valve stem-to-

guide heat transfer. Finally, the guide

i% reamed,

Integral v Replaceable Guides—
It's mow time 10 distinguish between
integral and replaceable valve mudes,
Integral valve guides are an integral
part of & cylinder bead. This 15 almost
alwayvs the case with cast-fron heads,
however some cast-iron heads ose
replaceable mudes. The matenial used
1% either cast iron or & brooze alloy.

Replaceable guides ane always used
in-aluminum heads simply because
aluminum doesn't have the needed
strength or durability. Whether at’s &
cast-inon o alominum head, the guide
15 installed in a hole that's smaller than
its OD—0,001 5-in/0.04mm smaller
is typical. This interference, or press
fit, 15 what retains the guide in the
head.

All of the previous mentioned
guide-reconditioning procedurcs can
bie used (0 restore both integral and
replaceable guides. However, an
obvious way to recondition guides in
a cylinder head with replaceable
guides would be 1o replace the guides
But this method is not without its
problems and pitfalls. Firsi, all
reference s 1o how far the guide is
pressed inis bost So you must first
have the factiory spec on this
dimension or measure how far the top
of the guide is above the spring sca
and how far it projects inio the valve
pocket by referencing il 10 the valve
sedaft, whichever is easier. If the
teplacement guide 15 the same length
us the one being removed, vou'll only
need 1o measure il at one end or the
other.

To remove and install replaceable
guides, you'll have o know which
way they are removed and installed
and by what method, Although most
replaceable puides come out from the
top—the valve-cover side—and are
pressad in from the wop, yoo shoukd

BE




45" SEAT |

30" TOP CUT

0.060-0.080
INCH WIDTH

80" BOTTOM CUT

Varve sest w ground Al —a48° in tivis cosn——then outeide dismeter (s astabliskod by 30 lop
call aned waal whilth is sstablivhed by 607 bottem cut. Dutside diametor of seat should ba about

1/ 1i-n, wmaller than valve OO

confirm this with the [actory manual
of mn engine rebuilder, As for how 1o
permove and install them, youll need o
stepped, or shoulder, punch and a
rass o bend mallet

I'he shoulder punch has o small
diameter section thit inseris into the
guide Tor centenng the punch and a
larger section that shoulders against
the end of the guide. With the punch
in the guide, drive it out the top and
drive in a new one

Two hints for making guide
installation easier: With machinist’s
Mlue and & scribe, scribe a line around
the guide o i will align with & flw
surface af the spring seat when if's in
thee comect amount, Secondly, chill the
guide in o relrigerator immediately
prive 10 installing it This will reduce
the guide's OO 20 it will drive in
easier. Once in place, the guide is
reamed fo siee,

Thick-wall inserts are similar 1o
replsceable puides. The difference is
thick-wall inserts are installed in
eylinder heads that have integral valyve
puides. The difference here is the old
guide is enlarged considerably more
thit it would be with thin-wall guides,
The same installation method and

a0

press it used Tor replaceable
guides is used for thick-wall guides,

Replaceable valve guides come in
two materials: cast iron and bronze
alloy. Cast-iron inserts basically
restore the puides to original
condition. Bronze alloy guides ane not
only more durable, they are more
expensive, Aluminum silicon bronee
guides are normally good lor well
owver |SOU0 miles, They are easy an
valve stems, too. If you wani
maximum durability, these are the
nes

A linal word about valve guide
work: If the new guide is way off
center in relation to the valve seal,
encessive valve seal grinding will be
required. This will xind the valve—
msve it into the head—causing the
stemn o project (urther oul the top of
the gubde, This has three ill effects. It
results in incorrect rocker-arm
geometry—the rocker arm will not
move across the tip comectly as it
opens and closes the valve, A sunken
villve will also increase combustion
chamber volume, thus reducing
compression. This may not sound so
awful if you have o '6lls to carly Tls
high compression engine, but if also

causes vilve shrouding, This reduces
flow through the port, thus reducing
the power, output of the engine.

Your best insurance againsi
anything like the valves from being
stnken i (o uue a good machine shop,
If they have o good senl and guide
machine, chances are the seul-and-
puidke wiark will be accurme. Here, the
D s fxired in 8 machine and the
pubde and valve machining is done
with u righd wpindle, But the
equipment is secondary, The skill of
the mochinist s your best insurpnce
against b engine work.

VALVE SEAT
RECONDITIONING

Valve seats are reconditioned using
apedcial hand or power fools that im
cutters or granding stones, With valve
seats that have been reconditioned
hefore or are damaged, you may not
be able 1o get an acceptable seat, If
this is the case, the old seals may have
iy be removed or bored ool and valve-
seal inserts instalbed in thelr place.

To repeat, both valve-sent
reconditioning and replacement ane
jobs for an ¢xpert using the proper
toals, The wools are (oo expensive Tor
the home mechanic and the
experience is required o do the job
right, But it s uselul 1o know about
valve and sent work so vou can talk
imtelligently to vour machinist.

In sdchition 1o restormng vilve seals,
valve seal machining has another
important benefit, 11 centers the valve
seats 1o the reconditioned valve
puadkes, This is because the grinder or
cutter pilots off o shaft mstalled in the
valve guide, making the semt
concentric with the guide. However, if
you didn't do any guide work and the
valve seats are OK. sewt work I8
unnécessary. 1 any guide work was
done, the seat-to-guide relationship
may hive been changed and the seats

Afisr pliot s Memily In plece, valve ssal grinding mandrel with sisns b slipped over pilst,
Mt ared sionn are rtated with preumatic of slsetric ool

must be roconditoned,

Valve scats are usually ground o a
basic 43% ungle, To ensure positive
salve sealing a 1/2" or 1* imterference
anple is sometimes added, making the
scal  angle 4571/2° or 46°%,
reapectively, Although rare. intake-
vilve sents may be ground to a 307
angtle, A quick look an your valves or
valvie seats will tell you whether o 457
o 307 weat s used

Three-Angle Seat

A three-angle valve seut is the miost
cost-¢ffective way of increasing air
Now through o cylinder head, Top wnd
bottom cuts of 30° and 607 or T0F |
respectively, are made on bath sides
of the 45% valve seut. The top cul is
mude an the combustion chamber side
sead and the bottom cul on the pon
s,

When reconditioning valve sents,
the machinisl makes the 45° seat cut.
If vou ask for a threc-angle job, he
then chunges 1w o 30" sone or cutier
and makes the top cut 1o establish
vilve seat OD., Sea O i cut abou
1A2-in 0. T9mm smaller than the
diameter of the valve face.

MNext, the bottom cut s made with 4
60° or 70° stone o cutter, This cul in
the bowl side of the pon estublishes

st [D wnd width, This brangs up the
question, “How wide should a valve
seal beT” The answer (o this isn't
simple. Different manulaciurers
specily different sest widihs, For
intakes, 0.050-40, 100-mn./1.2-2, 5mm
width is the range; for exhausts, sem
width  should the wider at
0,000, 1 10-4m./1.5<2. B

How Wide?—How wide shiould the
seals should be in your engine
depends on what if's 1o be used for, If
it will be wsed for performuance only.,
ask a competent engine builder who
knows the type of engines you're

building, Cenerally, the narrower seal
will flow bewer, but will be less
durable. But il your engine is Tor
towing or streed use and it's durabality
vo ward, the valve seats should be on
the wide side, particularly those for
ihe exlusust valves

Nol only must the machinist have
special souipment 1o grind or machine
valve scats, he must also have
equipment for measuring s work,
particularty if he's downg a theee-angle
seat, To start with, he'll coat the
new seal with machinist's blue
This makes ot much easier o mesisure
o8 cuts are bedng made. Seat widths
und diameters are made with dividers
wnd @ beinch scale. Sent concentriciy
Is made with a speckil dial indicatos
that pilots and rotates in the
virlve guide

RECONDITIONING
VALVES

Miow' that (he valve guides jand seals
have been attended Lo, furn your
attention o the valves. You should
huve already checked them for
obvious damuge such as burm heads
and excessive stem wear, 1 you
hiwen't, div if rem

Dk ands ars valvo sanis. Aftar 45" sent bs cul. sents e blusd o They'll b contrested from
30 and 80" culs lo sass measiing. Namow s of pape with tek maike, Evidor sd Binck
o Is all that's nesdod lor messuring saats. Real widths slewn are 0.080 n. srd 0080 in
o enhausty e intabes, repoctivaly.
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Exhausi valves should have mmgine of st
Isaat 1,32 in. afer grinding Lo nenimies sk
af herming, Intake vabve manging showld not
ba was thain 1,04 in

Valve Grinding

For valves thit passed inspection,
18 fume W recosiditog them, The only
seceptable way of doing this is by
grimding, or resurfacing, the np wnd

valve fice—the porthod of the valve

that contacts the seat when closad

The tip end of the valve stem 15
ground [t because ol centers the
valve i the machine so e Toce will
b grvsund true v the stem, 1 the tip s
wnbrue, the Tace will ilsao b unirue

Ihe vilve stem is ¢ |.'|||'||l|,'|! in &
hixture af one end ol the grinding
machine so the tip can be passed
siquarely acioss the face of & rotating
grimeling wheel. Cwly enough material
Is removed 1o any
irregularities, Remove oo much and
wioua pisk gomg throweh the hardened
valve tp surloce il upseiting mocker

remove

arm gecimelry. Because of this, major
damige such as mushrooming remders
the valve unserviceable. [dscard i,
After the tip 1% resurfaced, il is
chamfensd 1o remwwve the sharp edge
nnicl banr

Valve faces are reconditioned by
grinding off small amounts of
material 1o the cormect angle umtil all
flaws are gone. This (s done by
chucking the valve stem end first in a

Using & Linoh micrometer, compare measursrnenis Lakon fom on wwom section of valve
atam and that having micimum wehd, The diffirence batwean thass fwo masummsnts B

wlom wos

sprimdle. Bis face bs then motated against
il aeross a rodating grndmg whael
ensuring the face s true, As the valve
15 ground, Muid s directed on the
valve Tr cooling and to wash away
metal andd abraisive parisches
Margln—=After  grinding =«
muanimem amoant of material from
the valve Tace, check to see that there

Is sullicient nurgin—hikness of the
head ar s outer edge
Insutficient margin, especially on an
exhaust valve, may cmuse i o bam,
As Tor margin width, the minjmiem
shosudd be Luger liw a larger vilve, Fig
example, a 1. 75-in/44 4mm exhaus
villve should have no less than a
ChOkban, /1 O margin and a LA

valve

Wilve griniding starts s resurfsoing and chambering e valve slem Hp The vakee Bce b then
ground ol am snge (hai's the same s o L' less than the valve seat, | prefes grinding it ol the
e angle.

/35 5mum exhaust valve should have
0.020-in A Smm minimum margin
Typically, though, exhavst valve
margins should be at least 0,030
AL Emm. As for the margin on an
intake vabve, its minimum can be half
that of the cxhaust valve becanse of
its cooler operuting environment.
Therefore, the typical minimum
intake wvilve margin is 0.015
AL dmm

Face Angle=If your valves are
ground ot a ¥F or 45° angle and o 1°
interference angle s needed, grind the
valve face angles 10 29" and 44° |
respectively. | prefer grinding the
valve faves to the same angle as the
feals

After grinding the valve tips ond
fisces, your valves should be ready 1o
glr' hack in the heads, 1 all maiching
surfices are restorsd—sents, guides,
faces and tips—there's no need w
keep the valves in order. But if they
are Ok and didnt need
reconditioning, keep and install them
i order

Lapping Yalves—You may have
heard the term lapping valves and
wonder where this operation fits mio
the valve and seat reconditioning
processes. The truth is.if a valve is
worn had enough that grinding is
required, hand-lapping won't cormect
it, And if a valve and seaf are ground
comectly, lapping 15 nol necessary.
Consequently, lapping is not used in
commercial valve work, but racers
and specialists do it regularly as a
check.

If vou lap your valves, you'll nead
lapmng compound, or paste, and a
lapping stick. The lapping paste,
which is iin abrasive, is applied 1w the
valve Tace. The lapping stick has
suction cups en both ends for hokding
the valve as vou rotate 1. With paste
on the valve fuce, mstall the valve m
its muide and apply the lappang stick
the valve head Rotate the valve back

Lagsping & valve starts by costing valve face with lspping paste. Valve |8 then installed on its
aeat and oecillated with light prescure using A lapping stich batweon tha palms of your hands
Vakves should be instofied on the sests they were pped on, 50 keep them orgomleed.

anid forth lightly against its seat by
moving the palms and fingers of your
hands hack and forth against the stick,

Alter lapping in a valve, be sure to
clean off all tapping compounil
Abrasives and engine paris are not
compatible, The gray band on the
villve face and seat from lapping
shouold be full circle, indicating full
contact between the valve and sear 17
s not ull cirele on the valve, the
valve face is nol concentric with the
stern. If @5 pot full arcle on the seat,
the sem is nol concentric with the
guide, Ax you finizh lapping the
valves, organize them in such & way
50 vou'Tl install them on the sems they
were lapped on.

Do They Seal?—I1 you want to be
surg the valves seal before vou run
vour engine, there's an casy way (o do

it, You'll first have to nstall the valves
with the springs cather temporarily of
permancatly, Do it temporarily and
you wornt have 1o install the valve
stem seals, spring shims o7 inner
springs, To install the
permancntiy, read on for how i
install seals,

vialves

check springs and
whatever,

Either way, position the hed so the
combustion chambers are facing up
nnch the head gasket surface is level,
Using kerosene. fll cach combustion
chamber and let the head sit g few
hours, preferably overnight. If any
chamber empics or is lower aficr the
time perisd and a pon is wer, vou
know a valve leaked. 1T the intake
valve was the culprit, the intake port
will be wet and vice verse. You'll have
1o redo that valve or seal, I vou don't
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think there s any leakage, check the
ports anyway. Using a flashlight for
lumination, peer into each port. They
should be dry, If you find a leaky
valve, check with your engine
rrachiniss on remedying the problem.

VALVE SPRINGS

Meext on your fist of things o irspect
are the valve springs. Their condition
m cntcl 1o I'!'I.‘\.T CTRE N ml‘l’l.
particularly an engime that will be run
at higher rpm ranges, Certain
mspection steps must be performed o
verify that the springs meet minimum
standdands. Those that don't cannod be
reconditioned. They must be replaced.

To appreciate the work a valve
spring does, it must close the valve
against the inertia of the rocker arm,
pushiod, lifter, valve, valve retainer
and a portion of the spring iself, At
an engine speed of 3000 rpm, i must
do this 25 nmes a second! Double this
to 50 times a second al 6000 rpm!
And it st Jo this whale operating in

G4

a hostile envimonment, particularty the
exhaust valve spring.

The cam lobe raises the lifier and
prushiod 1 operate the rocker anm and
compress the valve spring as it opens
the valve. But the cam lobe doesn’t
close the valve. The spring must do
this. It must push evervthing back in
place o it keeps the lifter in contact
with the closing side of the cam lobe.
Lows of contred of the oscillating mass
called the valvetrain and the engine
experiences what is called valve float.
And when valves floal they dont
chose, resulting in a severe o Wotal loss
in power, If hydrsulic liflers are used,
they pump up, funher aggravating the
problem. Worse vet a floanng valve
may contact the piston, resulting in
valvetrain and pision damage. So
check those springs.

Valve Spring Terms

To inspect valve springs, it is
necessary to have a valve spring tesser
of some kind. And to understand
what's involved in valve spring
testing, you must understand & few

Tra guich mayy of Betermising whethe: & rabe
npnirg Al be sapusre Ore shicwn i Being

basic terms and appreciate the
of it s
standards. Common terms related 10
valve springs are: spring rate, free
betghi, houad ot vstalbed height, koad ai
open height and load a8 solid height.

Spring Rate—is not a commonly
listed valve spring specification, but it
relates directly to most of the other
spes. It s, however, one of the hasic
terms necessary 1o describe a coil
spring’s mechanical properties.

Spring rate, or stiffness, governs the
load excried by a spring when it is
compressed a given smount. Rate s
ustially expresaed in o many pounds
per inch (Ihfin.) of deflection. That i,
when a spring is compressed a
specific amourt, it requires o specific
force 10 do so. For examiple, of the rate
of & valve spring is 400 Ibfn., it will
exerl an additional 20 pounsds when
compressed (.30 inch, Remember,
the spring wos compressed during
installation, so total force, or

“tension,” is 200 pounds plus
whatever the instial force was at the
installed height.

wibva Wpring shouid lean ne mor Dhan 1718 in. o M top. Chack Fes height too. If heights
iy e math odbae w8 meech an D Pme chabdi DRl kil of [Feesrs. o alaliad Seight
Finai chach is to measers free height diwctly. Note Nal wousd wire side spring. W's 8

g

. opening  and

Engine designers use the lowest
possible valve-spring rates. even for
racing engines. Thes is hecause stiffer
SPRmEs requine mone power to um the
camshafi and operate the valvetrain,
Stiffer springs also couse unnecessary
valvetrain wear. So only enough
“spring” should be wwed 10 chose the
valves at the engine's redline—
maximEm rpm limit.

Typical valve-spring rates vary
between 300 and 450 Ibfin. Spring
rates are usually nchicative of the rpm
range of the engine and the weight of
the valvetruin, For example, 4 engine

spevd increases, so must spang rate.
The same goes for ncreased
vabvetrain weight, which translates to
increased inertic—resistance of a
mass (o o change in motion. Lighter
titamiom valves and aluminum or
titanium spring retsiners reduce

¢ inertia; heavier roller lifters increase

inertia.
Increased spring force is required 1o

I ghose a valve, or keep o from (oating

ol high rpm. If & valve spring loses s
rate, or resiliency, it is no longer
capable of clming the valve o higher
rpm ranges. Spring fatigue and the
resulting loss of spring tension s
caused by the many thousands of
closing cycles
Additionally, spring material is
sofiened—anncaled—by  heat
tramferred 1o the base of the exhaust
valve springs from the exhauss por,
Speingg fatigue first shows up in a loss
of free height. Remember this when
checking springs, especially those for
the evhaust valves. That brings up a
point: spring order. You should've
kept the springs in onder.

Free Height—This is how 1all a
valve spring is when sitting
uncompressed. If a spring’s free
beight is less than specified. then 100
will be the closing force it cxernts on
the valve. This is simply because the

lmﬁﬂh:mnﬁmm

installed. Therefore, understanding
spring rate and free height gives you a
cloe s 1 why a spring won'l meet its
I specifications.

Load at Installed Height—This i
the force & spring should exert on the
spring retainer when the valve is on
it seal, of is closed, Installed height is
the height measured from where the
spring sits on the cylmder hesd w the
undersade of the sprng retuner,

MNole: Frequently, the term pressuee
instead of force or load i incorrectly
used when spring specifications are
discussend, o don't be confused

A typical load-at-installed-height
specification ix T5-8S5 Ib. m 1.810
inches. When this spring is
compressed 1o | 810 inches, it should
exen @ force of between 75 and 83
pounds. The absolute minimum
installed load is 1% less than the
lower limit, or 68 pounds. For the
common "grocery getier.” a spring
that meets this minimum is OK. But
for a high-rpm engine, your valve
sprimgs should be i the upper end of
the specification.

Load at Open Height—Another
common valve spnng speaification,
this is the force a spring exerts on the
retainer when compressed 1o the
beeight it would be when the valve i
fully opened. A typecal specification
is 240-260 fbx. at 1.330 inches.
Similar 1o the mstalled-height foad, a
spring must fall within the 10%
minimum force limit. Otherwise, i
should be replaced. In this case the
minimum 1= 216 pounds. Again,
consider whal vour engine is o be
used for when checking the springs.

Solid Height—The solid beight of a
coll spring is measured when the
spring is compressed 1o the point
where each coil touches the adjmcent
oodl. The spring at this height is said
0 go solisd, or coil bend,

Coil springs should never be
compresscd 1o this height in nommal

Chécuing spring nsd i Satsled Beght
Adding shims cam ba used Lo bring losd
within spatification, et call clesrancs
whould b cheched with spring os abims o
apen Beighl e s § dosar | el o go
walill. Thade should b o1 lsast O.080 ia.
(1 Nemm) bwtwesn code. You have o chows of
00, 000 el O D800s. shbv

service. If a valve spring were to
reach s sobd heght before the valve
is fully opened, the load on the
valvetrain would cause the weakest
link i it to fadl. More often than not, o
pushiod bends

Squareness— The wuarencss of o
valve sprmg i how strasight it st on o
flat surface. This is important so the
spring won't force the valve stem
sideways againsi the guide. causing
ungven and excess guide and stem
wear. Limit valve spring out of squan:
1w 1/16 in, measured from the top
of the spring 1o a square with the
speing sitting on a horizontal surface.



Spring feater used in Mmachine Ahops o
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Checking Valve Springs

Mow that your head is spinning with
spring terms bouncing around in
there, let's ook at how 1o check valve
springs. The main things 1o check for
are squarencss, free height, installed
load, open load and binding.

To make these checks, one thing
you'll need are the valve spring
specifications for your engine. Il vou
are rebuilding the engine to
production specifications, vou'll need
the manufacturer’s spocs. (iherwise,
you'll need the cam manufaciurer's
specs, If two valve springs are used-—
an mmner and outer—check them
scparately. If a fMlat-wound damper is
usedl, remove it when checking loads.

Unless you have an engine machine
shop or are among the Torunale few,
you probably doat have access 1o a
spring tester, To say the professional
type shown s expensive would be an
understalement. Its cost puts it out of
the do-it-yourselfer budget.

Forunaiely, there is a valve spring
tesaer thent is affordable. It's not us easy
to use, bul you can get the same
aformaticon s you would get with the
high-priced tester. All you'll need is
the tester. a vise and dial calipers or 8
fein. scale. Clamp the tester with the

spring on top of i and compress the
spring 1o the specified beight. Read
spring force directly, Measure
installed or open height with the
calipers of scale,

If your local awto parts dealer or
speed shop doesnt sell such a teater,
contact; Goodsen, 4500 West 6th
Street, Winona, MN 55987; or C-2
Sales & Service, Box 0, Selma, OR
7539,

Squareness—This i casy 1o check,
s0 let's start with it. A carpenier’s
framing square of anything that can
check a 9 angle will do. Stand the
spring on the horrontal surface or leg
of the square and position il aganst
the vertical surface. Tumn the spring
until # learms away from vertical so the
gap i the o coil is widest. Limit this
gap to 116 n-0625 inSl.b6mm. If it
excoeds this, replace the spring.

Free Height—This will give you a
quick check of a valve spring’s
condition. A spring that has sagped—
has gotien shorter—hy more than
0100 2. 5mm should be replaced
or checked with o spring tester. I('s not
unusual that the exhaust-valve spangs
will have sagged because of being
overheated—heat is the number-1
enemy of a valve spring.

A pood rule of thumb i w0 replace
any spring that is shorter by 1/8 in.
(0125 in/3.2mm) or more. A spring
that is short by 1716 in. (L0625
in1 . fmun) can be wsed for light duty,
st mok fior higgh-rpm wse.

If you've replaced some springs of
have purchased all new omes, you
should still check them. Put them in
the lincup and perform the following
tests. If you dide't keep the springs in
order, from now on you must do s
Spring inspection from this point on
requires that you use a spring tester. If
you dom't have one, take the springs to
your engine machinist for checking.

Springs that fail the Mree-height test
by 1716 in of less can be shimmed o

their original height. Shims are
available a1 auto parts stores for
adjusting speing height and s, VSI
haes them in various thicknesses: (1015
in /0. dmm, 0.030 in. /A Smm and
0.060/1 Smm being the most
common, You'll enly need a 6-in.
scale, vise ndd foeler gauges 1o check
free height and for coil bind al open
height. In the vise, compress the
spring 1o the open beight and check
for a 0.012-in/0.3mm minimam
clearance between coils.

If you wse a shim, wire it 1o the
spring. And dont forget 1o keep the
springs in onder,

Load—{hecking mstalled load and
open load requires a spring tester. But
il all springs fell within the free-
height specificaton and the engine is
not fior high performance use, chances
are the springs are OK 1o use, You can
get by without further checks. But if
they needed shimming or you simiply
don't wani to leave things o chance, a
spring tester must be ised.

(i the question of shimming. thene
are twa regsons it is better to replace 4
spring than to shim it. Fatigue or
anmealing councd the spring to sag and
shimming won't correct either
condition. The spring will continue i
sag. Second, shimming used (o
correct load will compeess the spring
maore, increasing the rate of fatigoe,
Rapid loss of instalied and open loads
will result.

S0 unbess you're doing a poich job
on your engine—knurked valve guides
and pistons and minimums
throughout—don’t shim to obtain
installed and open loads. Replace the
springs. But if you do shim,
remember (o wire the shim 1o the
spring and keep them in onder. ¢

A final posnt about shims: Use only
one shim per spring. If you shimmed
a spring for free height then need 1o
shim it for load. forget the one used
for free height comrecting and shim

only For loads. Finish your spring

~ inspection by checking for coil bind.

ASSEMBLE
CYLINDER HEADS

To assemble the cylinder heads
you'll nesd a valve-spring compressor,
a B-inch scale and maybe some shims.
I say maybe hecuuse you probably

won'l need them unless you did
extensive valve and seat work,

Installed Height

The distance between where the
spring sits on the head and botiom
side of the spring retainer when a
valve is 00 its seat is acral inswlled
height of the valve spring. Because
the force exerted by a spring is
directly related o how much it is
compressed—remember  spring

= rale?—it's important that mstailed

height i comect.

Installed height increases as

© material is removed from a valve seat
- and Yalve fuace during reconditioning.
| This causes the valve stem 0 project

farther out of the valve guide which
maoves the spring retainer the same
distance from the spring seat. If this
distance is more than it should be,
apring loads will be less and valve

E float will occer at lower engine

specds,

Adjusting installed height is also
done by shimming. Don't get this
eonfused with shimming for free
height and loads at installed and open
heights. Shimming for installed height
reduces the distance between the
spring seat and retainer (o achicve the
spevified installed height.

- Check Installed Height—Do this
by installing the valve in its guide
without the spring. i a rotator, sieel
spriniy seat or whatever should install
between the spring and bead. install it
o the spring seat. Oil the valve siem
d install the valve in its guide.

Again, oil the upper énd of the valve
stem and install the valve stem seal
using the plastic sleeve installer, If
not, bse a strip of clear tape over the
valve stem tip. The advantage of
installing the seal at this point s it
hclps hold the valve in place.

In case you installed positive-
sealing type seals or other special
seals, follow the manufacturer's
directions for installing the valves and
seals. If installed height checks out
OK. vou won't have to remove the
valve, The job of installing this valve
and seal is fimished

Install the spring retainer with its
keepers. Pull up on the retainer 1o seat
the keeper and measure the distance
between the underside of the retainer
and top of the spring seéa or whatever
you have sifting on it. For measuring
you can use one of two methods: If
you have a telescoping gauge, use it
and & 1—2-in. micrometer. If not, 4 6-
inch scale or vernier caliper will do,
Record your measarements for each
valve, Subiract specified installed
height from your measurements 1o
find whether 4 shim is needed.
Anvihing less can be ignored. For
more than 0,005 in/04mm, choose

theé nearest shim that's thinner. An
easier way I found o measure
inztalled height s with a gauge made
from heavy wire or welding rod. Cut a
section of wire longer than installed
height, then file or grind it to the
specified installed height. Square both
ends of your “gauge.” Check the
length with 1=2-in. mikes or vemier
caliper.

Shim Thickness—To determine
shim thickness needed, inserl the
gauge between the rotator ar valve
seat, If the gauge doesn't fit snugly,
use feeler gaupes between the wp end
af the wire gauge and spring retainer
to determine shim thickness, Again,
use the shim with a thickness neanest
1o, but thinmer than what is needed o
obiain exact installed height. To
repeat, if the difference is 0015
in./0.4mm or less, a shim is not
needed,

Recond the thickness of the shim on
a small stnip of paper and slip it under
the spring that needs that shim. Do
this for each spring, Also; record this
information in your shopping list
When you retumn from the amo-parts
stofe, you can easily maich the shims
o the: comect springs.

| found that o short section of heavy wine out and filed to match speing installed belght made
checking ssat-in-retatner distance vary aasy. Il distance |5 excessive, install shim and eehsch

ing wire “gauge.” When you find the rght combinstion, organlzs valves and shims 5o you
camn install theem in the positions in which you chacked them.
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Stundard retainers and keepers
arg good for anything but all-ou
rachg, I you use ligh-rate springs
with stock retainers and operate the
engine at high mm, they may not
be sulficient, The valves can pull
through the keepers or o retainer of
keeper may hreak.

Afenmarket manufscturers offer
high strength steel, aluminum and
titanium retainers, If the engine will
b umed for street driving and an
occasional high-rpm blast, steel
refainers are best. They cost less,
wear better than aluminum or
titantum retainer and are less ap 10
orack or break.

Another feature with high
perfommance keepers is a larger
angle on the keepers. As an
example, 107 15 used mther than 82,
Be carelul when switching from
one to the other that you don't
imerchange keepers, An KB* keeper
weorl'| work with a 107 retainer.

Reserve aluminum and titanium
spring retainers for use only i you
will do frequent and thorough
inspections, When dolag tear-
downs, use the keepers that mutch
the retniners and replace them o
every rebuild,

Before you check the next valve,
make sure the retainer has sulTichent
clesrance 10 the seal when the valve is
fully open before you make the
following check

Retainer Clearance

The next thing you need 1o check is
the clearance between the netainers,
oil seals and guides. There shouldn't
be any problem in this department
unless you will be mstalling a high lift

camshalt. The botom of the retainer
should clear the oil seal by o least
(L0660 in/1.5mm al maximum valve
lift. This is simple to do, make the
check regandiess of whether you think
thesie will be a problem

While holding the retainer in place,
open the valve to its fully open
position and push the seal down on
top of the guide. Check valve opening
wilth a B-in, scabe. This is easier with a
telescoping gauge set (o spring open
height or o wire gauge that matches
spring open height. Eyeball the
relainer-lo-ginide or seal clearance,
Have vour fecler pauges sel o
mwwune (L0600 in,/). Smm just in cose
the: retainer appears o be 0o close,

If the retainer is wo close 1o the seal
or guide, the top of the guide must be
shorened. Have vour machine shop
dhor this. This is usaally o problem only
encourdersd when a high 1 camshaft
ig installed, but a newly installed
guide that's too long will cause the
same problem

Aller you've checked retainer-1o-
senl clearance, remove the retainer
and keepers and place them with the
springis) and shim{s) for this valve

Note: [f vou will be changing 10 a
high performance dual valve spring,
the inside spring may nol clear the
umbrelln-type valve stem seal, Check
to make sure by referring to the
manufacturer's instructions, [f
clearunce is a problem, you'll have (o
install positive-sealing Teflon seals.
This requires machining the 1ops of
the valve guides 10 a smaller diameter
w0 they'll accept the Teflon seals,
Most engine machine shops can
perfonm this simple operation for you.

Assemble Cylinder
Heads

You should now have everything
needed to pssemble your cylinder

heads, tools included, With the parts
organized and laid out sccordingly,

Valve, spring. Tellon seal ang related

hnedaare srgnnicsd bor imetallstion into mes

hoad for Gramd Mational HASCAR eniine,

. Drganization s Important regardlass of

wigine, ise W for imoing oo the sireet. Tienim
metlalnes and high-angle keopers are wesi,
Spring masembly & mads up of innar and
wuler valve sprngs with et wound damgor in
betwesn. Bhims and ssst install betwesn
s i Al b,

yvou should be able (o assemble the
Preadds quickly and without problems,

You may find that more (han one
shim goes with one spring because
you shimmed for free height, loads
el insalled height, There could also
b @ sepanie spring seal of rotabor for
some or mll of the springs. Then again,
the spring may sit directly on the
head. Just moke sure you have all the
necessary hardware that goes under
the springs,

Position the heads on the bench
with the valves, seals and, IF they me
used, sepane gpring seats or rolalons,
Daon't forget thot the springs and shims
must be installed just os they were
checked —with their valves. To do the
cylinder head nssembly job, you'll
alsy need a squin can of oll, a spring
compressor and some grepse. A
plastic mallet, lead hammer or hrss
harmmer will wlsp come in handy,

When installing & shim, note that

uilde, sflp valve Inte Ma guids, Umbreils type soals install oves
saal ks the easiest to install. Push seal down over stem until i
hold valve closed, frealng up youl hands S0 you can install the

spifingia), retsinar, keapers and any shims or spring seats, Note springs and shims over vehas
Bned up in ander. This will kelp ellminats instaliation ams.

the serrated side goes down, or toward

. the head. When installing springs,

check for coils at ene end spaced

* closer than at the other. If this design

15 used, the end with tighter coil
spacing mstalls against the head. And
don’t forget to install the internal
springs or damgpers if they ane used,
Compress a valve spring only
enough that you can install the
ktepers. Once the spring is
compressed, insall the keepers, oo, A
lintle grease on the keeper grooves
will hold the keepers in place while
you release the spring compressor,
Check that the keepers are secure by
tapping the tip of the valve with o soft
hammer. This will also help seat the

Installation of the rocker arms will
complete this job, but this is done
afier the heads are on the engine. 1t's o
good idew, though, that you inspect
the rocker arms and recondition or
replace them now 1o prevent delays
during engine assembly.

ROCKER ARM
ASSEMBLIES

Factory rocker arms are either
forged or stamped steel. And whether
your engine uses shaft-mounted
rocker amms o individually mounted
ones, the two areds 10 check are the
same: the rocker arm pivots and valve

tipr enchs. As for the peshrod sockets,
they "never” have a problem. Give
each a quick look anyway just 1o
make sure. You should alzo nspect
the pivot for wear. It will be
individual bail or barrel pivois, or o
shaft that all rocker arms pivot on

Individually Mounted
Rocker Arms

For this type of rocker arm,
remember to keep the pivots and
rocker arms mated. 1T vou didn',
replace them all,

Check the pivot and rocker arm
interfaces on hoth the rocker arm and
pivot. If you find scratches and gail
marks or serious wedr in these anas,
replice then A1 the valve tip end of
the rocker arm, ook for senous wear,
If ut's not too bad, the tip end can
usually be reconditioned by grinding
on the same mochine used for
grinding valves, But if the valve-tip
end i grooved, repluce the rocker
Aarm

Ome type of rocker arm cannot be
reconditioned in this manneér. Rail
rocker arms like those used by Ford
on some engines built from the late
6% through the late "T0s must be
replaced if wear is excessive. The

Spring seats andor shims. i used, are installed betwesn spring and cylindsr head. In some
casns, o shim or seat won't fit ever the valve stem seal, 5o place them on spring ped badosn
you ingtadi gesl, Once senl, seat and/or shim ane In place, install sprngls).




Compredaing sping no more tham Acetany
sl weopery. Drmoms 08 Leegern will ok
Eham e plars whls pos relesss cormprester
Usiag sofl mablel. tap valve stem tp te
ehoch that retsiners are fismly sested in
e

fanges that sirsddle the valve tip to
stabilize, or gusde, the rocker am also
prohibit the reshapang of the valve tip
mating surface

Once you've inspecied and
reconditioned or replaced the rocker
arms and pivols, store them in
preparation for reassembly. Store
them in pairs where they will be free
from dust amd moisture, Include the
attaching hardware and any baffles
thet ey install with the rocker arms.

Shaft-Mounted
Rodker Arms

Reconditioning this type of rocker
arm assembly can be a major
operation. Although wear occurs in
the same locations as with the
individually mounted rockers,
disassembling shaft mounted rockers
can be a chore

To remove rocker arms, you must
slide them off the shaft. But before
you begin, note the order in which the
rocker arma and other components
assemble such as springs. washers,
attaching hardware and mounting

100

stands. Also note the orientation of
cach shaft and rocker arm. As with
the earty Chryxler Hemi, there may be
two shafts for one head, one for the
exhaust valves and one the intakes In
this case, five stands supported both
shafis, Finally, the rocker arms may
be offset, or angled, because the
pushrods and valves operaie in
different planes. A line drawn through
the centers of the pushrod socket and
valve ip end will cross the rocker arm
shaft at an angle other than 907,

Doa't depend on your memaory, I
your engine’s rocker arm selup is as
complex as most ane, by each rocker
arm and shaft sssembly on a plain
background and photograph them.
YouTl be glal you did come msembly

time, Take several shots ol differemt

mngles, One shot should be of the op
of the rocker arms and another the
busttoen,

Disassembly—This can be nearly
impossible if your engine has
accumulated many miles. This is due
to mocker arm shafts being coated with
deposity such as vamash. To minimine
this problem remove the deposits by
soaking the assembles in carburetor
cleaner or a strong solvent such as
lacquer thinner. Use a stiff bristle
brush 1o scrsb off the vamish. Dry the
assembly with compressed air then
coal it with penetraling oil. The
following work will be easier if the
parts arc af least room iemperatune, of
M F(20C)

Stant your teardown by removing
any retainers such as pins, springs,
spacers of washens from the ends of
the shafi. Remember 1o keep
everything in order. If 3 rocker amm or
stnd—if usedh—is stubbom, tap it off
with a rubber or plastic mallei.
Aluminum stands are the mosi
difficult to remove. They are also the
casiest 10 break, so be caneful. String
the parts on & wire as you remove
themn, then 1un the wire through a hole

n the shalt after all parts are off. This
will allow you 1o inspect mating wear
surfaces on the rocker arms and shall
ancd b reinstall the rockers in their
onginal posatons,

If the rocker amms are olled from the
shaft instead of the pushrods, both
ends of the shaft will be plugged. If
yours uses this setup, remove the
Plugs so the shaft bore can be cleaned.
A cup-type plug can be removed from
one end with a sheet metal screw and
Vise Grips after drilling the plug.
Before pulling it out, note how far the
plug installs in the shaft. Drive out te
other plug with a long metal rod and
harmmer

If the rocker arm shafls are really
dirty, chances are they will be wom
bally too, particalarly on their bolom
sides. Serious shalt wear will be
apparent. It will be easy 1o e, let
alone foel. Drag a fingemail along the
botiom of the shaft and it will casch
on the edge of the wom areas. Any
moukghness usually means cACess Wt
Mike the suspecied areas of the shaft
o be sure. Heplace the shaft if there's
more than  0.003-in/0.07Tmm
difference between a worn and
unwom section. If & shalt s wom out,
replace it

Finish cleaning the rocker arms,
shafts and other components. (8 flow
to the rocker arms can be blocked by
deposits in the ol holes, so make sure
they are clean and unresiricted. A
large gun bore brush works well for

rocker arm 10 shafi cleamnce using a
O=1-in/0-25mm outside mike and a
telescoping gauge. Measure rocker-
prm=bore 1D and the mating diameter
on the shaft and subtract the twe.
Clearance should be 0.003-0,006
in0.07-0,1 3mm for the standard
robaild and 0.0015-0.0030 in /004
0.07mm for high-perfor- mance use.
To obiain a tighter fit, it may requine

Shalt fype mckes sTn party s assawdsied 0 Dhe saacl e n wAich Thay wers sl
Bubshar maflet s wned b0 lghthy tap shumirum sloned Bio plece Bhalt with mches oo
nprimgs. sharady, wprng washers. Rl weshers sl relaining piss on i s op e aeasrely

| selective fitting and reaming. This
| means you may have 1o install
| bushings in the recker arms, an

expemiive proposition.
Befare you replace a compleie
b rocker arm shafl assembly, check with
| Your engine machinist. Oversize
shafis may be available. This will
| allow you o reuse the worn rocker
arms. These and the sands, il used,
| wre reamed oversire 1o fit the new
| shaft.
| I valve lash is adjustable, each
rocker arm will have an adjusting
| screw af the pushrod end. The screw
will have either & kocknt 10 maintain
sdjusiment or 4 screw with an
imterference fit in the threaded portaon

| of the rocker arm, If i's the latter type,

check that i takes at least 7 fi-lb w

| um the screw. You cerainty shoubdn't

| be able 10 tum it with your fingers. If

it's bess, replace it so lash will be
ke,

Assembly—Assemble the rocker

now that you've inspecied and

all parts usable ps i or You

reconditioned or replaced the

ones. Here's where organi-

poys off; photos, notes you've

taken, keeping parts in order and
maintsining cleanliness are all pan of
this. As with disassembly, itf's best that
you do the assembly a1 room
femperatun:

Assemble each rocker arm shaft
separately. Have some aswembly lobe
on hand such as 50W oil in a squin
can, Ford's Oill Conditioner or GM's
EDS (Engine Oil Supplement). Use
plastic garbage bags to cover paris

Once lubrication is used, it's more
imporant than ever 1o shield engine
components from dust and din
CONLUTIEEL .

Start the assembly by installing
plugs in the ends of each shall. For
cup-type plugs, use a punch or old
bolt grownd Mat on the end that's
slightly smaller than the plug 1D
Wipe a thin film of BTV scaler on the
plug 0D and drive them in square 1o
the comect depth. For threaded plugs.
inastall them with sealer on the threads

Assemble one shalt al a ime
Posstion the shaft, rocker arma and
other components on the bench m you
would view them os installed on the
head. Refer 1o your motes and photos
If used, begin by lubricaling the shaft
and installing a rocker arm stand in
the center posstion on the shaft. Make
sure the notch or notches and odl hobes
in the shaft are orlented correctly 1o
the stand. 1T the it is tight, warm the
stand in an oven

Next 1o install may be a rocker arm
followed by a spnng or spacer, then
another rocker am, a stand and s0
forth. Whatever the onder, be careful
when indtalling offset rocker arms
They muost be orlented correctly. To

rdemoesy roll recker sem. Ranges on rocker s virskdle valve bp to slablloe mcker ww 8
oy i Hhas Type poa can T ecosditon them Reqics them



Bon't overiook servicing battem of kntakn maniold. If yours ks o baffle attached to bottem it
will have 1o comve off o yeu con remeve Dokod-on deposits. if rvets sttech bafMe, emeve
them by fiest raleing ssoh dvet slightly. Do this by Hghtly wedging emall chisel ender rlvel
hoad, This will allew pou io clamg on dvel ead with Vise Orip phers. This doma, carwlully work

ot asch et

ARter cleaniag undembils of intaks

lacn

e sure, refer o your nokes and photos
ux o you go, When vou are linkshed
wssembling the rocker nrm shafts
store them i o plostic bag. This will
keep the rocker arms clean until the
i comes Tor installing them on e
engine

INTAKE MANIFOLD

There's ot mach 1o reconditsoning
an intake muanilold, About all you
need to do is clean it Such is the

102

bBeauly of non-moving parts. Bul if
yours i g Verype engine and you fad
the heads milled, both the sides and
bottom of the mamfold may have
be milled—if you haven't already
done so, Reler back 1o page 81 lor
detalls on the relationship between
cylinder head and intake manifold
muchining,

The casest way to clean o cost-iron
manifold is to have it ht-tanked of
baked. Before you have this done,
remove any plastic o alaminum pans

or fitlngs Crst. 11 o divorced chioke is
used, remove the bimetal spring thal
irstalls in the heat-riser passage, The
sme goes for an BGR valve,

To clean an aluminum intake
manifold, use & stiff-bristle brush and
solvent combined with a lot of old-
Tashioned elbow grense. To really
pilt up an aleminum manifold, have
it bend hlasted and sealed with o clear
CONM,

If & baflle is sached 1o the botlom
of the manifold, remove it This will
expose (he caked-on deposits so you
cun serape them from the onderside of
the exhaust-crossover passage. The
buffle will be retained with bolts or
rivets, Bolts are casy enough 1o
remave, but rivets take special
attention, Remove them by canefully
driving o very small chisel under the
rivel head, This should back the rive
ot enough 1o get hold of it with Vise
Cirip pliers, With the plierns clumped
o the nivet head, carefully unscrew it
while prying underncath the plier
Juws,

Heavy deposits can be removed
from water snd heal-riser passages
weith o blunt screwidriver wnd o round
file. The gosket surfaces should be
perfectly clean. To ensure (hey are,
run a large flat file across their
surfaces,

After cleaning the manifold,
reinstall all the components you
remwwed from it Seal the thresds of
anyihing that installs in the waler
jacket such the water lemperiiure
sender or ported vacuum switeh, If
wsed, don't forget the bimetal chike
spring or EGR valve, Use a new
gosket under the BOR valve, Rednstall
the heat-riser baflle, oo, I rivets wre
wsedd, start them in thedr holes and tp
them into place with a small hammer:
If you broke o rivet or simply don't
like them, use o 1/4-20 tap to thread
the hole and use bolis with loek
wishers to retain the baffle,

The theoretical compression ratio of an engine 13
determined two factors; displacement and combustion
‘chamber volome. More simply, it's the vohume above the
pison when it's al BDC compared to the volume above it
at TDC. In mathematical terms it looks like this:

CR=(8V + CVICV

Rediiced to a simpler form @t looks like this:

CR=8VICV +1

where:

CR= rain

SW = swepl volume (displacement) of ane cylinder.

CV = combustion chamber volume, or cleirance
volume.

"mmmmmm.mmmwum

| ratio of o 350 CID V8 that has & #5cc combustion-

chamber volume. The firit thing that must be done i 1o
| et displacement and combustion-chamber volume in the
| same terins. Because it's easier and more accurate to work
i bigger numbers | conven displacement from cubic
inches 1o cc's. There are approximately 61 cubic inches
per liter and there are lm&fspﬂihr Hukmgih:s

‘simplee, there are 16.3%cin. . ‘['iudi?ﬂm
eylinder in cubic centimeters is: 350 in.? X 16.3%cc/in? =

.| 5738cc; 57380/ cylinders = 71fce. Compression ratio
i @_mhm&ﬂ.ﬁmﬂﬁpﬁ@uinﬁrmﬁr

CR=5YICVa L
CR = 718ec/85ee + 1
CR=5944:1

| “These numbers are fine and dandy, but the problem is

| gewing them in the first place. Displacement is cerminly
1o problem. It's relatively easy to measure or look up
'__ﬂli!zﬂcudnhhummﬂnqm
volume (CV), though, can be difficult. Be aware that
| clesrance volume is not only made up of the volume in
| the cylinder head. 1t is aiso affected by the shape of the
son (dished, flat or damed), where the piston stops a
in relation 1o the block deck (deck cleprance) and
e installed thickness of the head gasket. The shape of
the piston can add or subiract from combustion-chamber
volume depending on whether it is dished or domed.

GASKET |
THICK-
NESS | |

cyfindars
“tog of the plston =t TOC and cylinder-head combustion chamber.

compression mitio. AL the other extreme, a domed piston

Aollowing fosmuka:

Compraseion mtio s determined by wwapt volume and claarmnca
wolumie of an engine. Swepl volume ls that dsplaced by the giston
‘an it moven Betwesn TDC and BDC, Dispinced valume of omn

cylimter is simply engine displacement divided by the mumbsor of
. Cloarance volume i the wolurse comtained botweon the

Other factors can complicate the situation. For example,
the 408 Chevy has all of s combustion charmber in the
block. Milling 409 heads has negligible affect on

with zero deck clearance such as is the usunl case with a
Hemi-head engine has all of iis clesrance volune in the
head less the volume displaced by the piston dome.

Swept Volume

To determine compression ratio, the first thing you'll
pecd is the swept volume {8V, or displacement, of one
cylinder. To find 5V, plug bore (D) and stroke (5) into the

Swept Volime = 0.7854 D7 x §

This valume (CV) is not-so gasy 10 determine because
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of the imegular shape of the typical combustion chamber
and piston lop. Rather than determining CV through
caleulations alone, you'll have 1o do some measuring
using the o ing process. This involves [illing cavities
with liguid and determining their volumes in cubic
centimeters (cc's), thus the term oc'ing. Why cubic
centimeters” Because soientific bureties, the instroment
wsed for measuring. are calibrsed in oc's.

The process for determining clearance volume is ol 5o
difficult as it is cumbersome. For this reason 'l ron
through the procees wang a real-life siuation. For making
vour calculations, just substitote the numbers. Even
though your numbers will be differem—larger or
smmalier—they T be similar. The important thing 1o realize
is all machine work must be done, The valves and spark
plugs must be installed in the head. For measuring
clearance volume in the block, a rod and piston fied
with nngs must be mnstalled

The exampie | use 15 an engine that displaced 454 cubic
inches that's been bored (LO3-in. oversize. Bore and
stroke are now 4,280 in, 1 4,000 in., respectively
Drspbacement 1 rovs G600 culwe inches.

Swept volume (5V) 15 the first thing to determine
Ulning the same formula shown above

SV = 0.TRES 1S = 0.7R54 x (4.280 in.)? x (4.000)
SV = 5784 jg !

To conven cubic inches to of's, multsply swept volume
n cubec inches by 16,349

SV in oc's = (5755 n N 1699 ocfin?) = Miec

Clearance Yolume (CV) s mach more difficult to
determune than SV, It requares maore than making a simple
calculation. You must determine several volumes through
2 combunation of caloulations and actual measurements.

Combusthon-Chamber Volume (Vg l—This & the first
component of clearance volume to measure, which is
done by cc'ing the chambers. To do this, you'll need
some tools and equipment. First on the list is the
praduated barctie. (et 2 plashic one if possible. MNexd is 2
frin. square or bigger piece of clear scrylic plastic that's
ol least 1/2-in. thick, Drill a 1M4-in, hole teough the plate
within 2 in. of one of s edpes. Countersink one end of
the hole with a larger drill w0 nuke Glling caer and leave
the other end of the bole square, just debwrr it. The
countersunk side will be up.

You'll also need some mcasuring liquid, oo, A quan of

automatic transmission fluid mived in equal amounts
with clear cleaning solvent works well. The red ATF
makes o visible for reading graduations. and the solvent
reduces its visoosity, Kerowne abso works well, but is not
s visihie,

Finally, you'll need some thin grease such i Luboiplate
for sealing. To measure piston travel, pet & dial incicator
ardd a clamp-on or magnetic base. The indicalor mst
have as beast a 1-in, travel,

The valves and spark plug must be installed in the
chamber you're measuring. Position the head upside
down so the gasket surface is not quite level, bt a lmle
higher on one side than the other. Smear a light film of
prease around the combustion chamber on the gasket |
surface. Don't apply 100 much,

Posation the plastic ple agains the head so it covens
the combustion chamber. The chamfered side of the fill
buoke thould be up and to the high sde of the comibastion
chamber. This will help in filling the chamber
purging any air bubbles, Push down on the plate and
mammmmumﬁunm
an maccurale vilume resding, make sure grease
suecze ot from under the plate and mto the
dmiulruduumh#ﬂuﬂlh
you're ready for the buretie.

Clome the petcock and fill the baretic 1o the zero mark
with measunng Iiguid. 1 in's over-full, drain the Muid omtil
s at the zero level. mmanm_
the liquid that climbs up the inside of the b d
align with the em divison at the top of the gn
scale. Yﬂ“ﬂlhﬂhhlﬂfﬂh“

Remember to always read from the hﬂtu- n{ﬁ
Mmeniscus, I
To fill the combustion chamber, hold the tip of |
burciie squarely over the fill bole i the plae and open |
the petcock. Hold it so fuid goes straight imo the |
combustion chamber without hitting the edge of the hole.
If there's mot enough Musd 10 fill the chamber, shut the
petoock o the menicus aligne with the bottom
and pote the volume, In this example the combastion
chamber volume was over 100ce, so | drained the

down o the 100cc division. Refill the burctic &
and finish filling the combustion chamber. In this
additional 19¢c completely filled the comb
m Ny L
Check for lesks arund the valves and spark plug. If
you find eny leskage under the plaie, in the poris o

ubbics. Carefully tilt the bead so the air bubble moves o
the fill hole and escapes.

Towl combustion-chamber volume is the sum of the
Iwo bisretic readings, o in this example:

¥y = 100cc + 19cc = 119cc.

To do the job right, e cach combustion chamber and
the results. You'll then be able w0 equalice them 1w
largest chamber, This is done by removing material

with & cutter or grinder from the smallest chambers 1o
bring therr volumes up to that of the langest chamber

The next component of clearance volume (V) is found
in the cvlinder. It may add 10 or subtract from the
clearance volurne, depending on the shape of the piston
This volume and that affecied by piston deck Clesrance
must be compersated for 1o find the volame added or
displaced by the pedon 1op shape. Finding V. respuires a
combination of measuring and calculating. This is
because the volime is memsured above the paston with o
positioned an exact distance down the bore. In the
example | used | inch. Hall that amount is OF, but | inch
makes calculations easser even though it reguires the use
of more measuring Lguid

Let's start with the messuring pant since you're in tha
mindsct. Just as when oc'ing the head, youTl need the
burette, plate, measuring Muid and light grease
Additionally, youTl need a 1-inch travel dial indicator
with a magnetic bise.

Use the same process that was peed for oc'ing the
heads. If your block s on an engine stand, position il so
the deck surface is up, bul ot a shight angle. Lock the
stand or prop the engine up In this position. Run the
piston about 1-1/2 inches down the bore. To keep the
measuring MNuid from leaking past the nngs, cost the
cylinder wall with light grease immediately above the
peston, then run the prston up to within | in. of TDC

Use o dial indicator for measuring. Set the ndicator
dhisd 1o read its | -in. maimam tavel with the plunger on
the piston af TDXC. Rotate the crank to bring the piston up
=0 if's exactly | in below TDC, Run the pision up until
the dial reads | inch as measared 1o a flar sechon of the

piston.

Pemition the plastic plate on the block deck, sealing i
with light grease. Locate the plate so the filling hole is
near ihe edge of the high side of the bore and the
chamfered emd of the hole is up. Agan, watch i grease
that may squeeze out from under the plate. Fill the
buretie, aligning the botom of the meniscun (o the 7em
grachuation. Using the same méthod you used when oc'ing
the combustion chamber, open the petcock and drasn M
it the cylinder. it can ke more than two full burctics
and then some o fill the cylinder. In the examphe it ok
194¢c 1o fill the bare, just fox short of two complete
100cc bremes full, o

\"! = |9der.




There are thiee calculations for voleme i the block 1o
meke Voo, W, and Vg Voo compensates for moving the
| in. down the bore; Vg allows for deck clearance;
and Vi allows for head gasoet thickness. Taking them in
order, make the calculation for Vo q using the same
equation you used for Determining SV Plug in sctual
howre sine and wse | in for stroke, In the cxample:

P

Vpz = U7HE4 & (4280 in 2 %1 100G in. vi 16.3%ccin )
L pj = } Moo,

To get the volume affecied by a piston dome, dish o
valve relefs, use the following equation. Plug i the
mumabeers pust caloulsted for Vpl and Vpl

% pr \Fl — % p2
Vp = 19dcx — 23ce
Vp o= -d41cc.

Moe than Vp s negative. This is because the domed
piston i the example displaces clearance volume. As
such, thes peton reduces the space—clcarance volume—
i whech the amTocl muxture s compressed, s resulting
in hgher compresaion. Had the number boen positive, as
windd be the case il the praton were dished, the opposite
ellect woald resull—mone clearance volume and lower
COMMERENN.

Deck Clearance (Vdi—This volume calcalation
supplies the volume needed to compensate for the
powition of the piston relative 10 the block deck. 15 the
et s below deck & TDC, o adds i clearance volurme;
it i's abowve deck, Vd subtracts from CV: rero deck
clearance has no effect. Before you can make this
cakulatson youll need w0 determing deck clearance. Do
this with & dial mhcator supporied by a magnetx: base.

Sct up the idicator so the magnet i on the block dock,
the muhaabonr is sguane §0 the peston and reaches the cenler
of it of there's a flat anca for the plunger 10 rest on. This
wrll svosd sy ermor mtroduced by the prston “rockang™ n
the bore. (nce you have the stand adpussod. shat off the

| magnet, swing the indicator over the deck surface and

rero the dial, If the piston 15 domed, such as with the
example piston, mexsure on & s area that's o cither side
of the dome, bul directly over the wrist pin. I these's no
flat st cither side of the dome, memsasne deck height st two
locations: square 1o the wnst pin on flat surfaces 1o the
extreme left and ot the wume distance from the conter of
the piston to the extreme right. To minimiee any ermor
froem & “rocking”™ poton, add the results and divide the

sum by two o get deck height. In the example deck
height is 0.010 in. below deck. In this case volume Va
s 1o Clemrance volume:

Vg = 07854 x (4280 in)? x (0.010 i) x (16.3%ccin)
¢ = 236ce

Tir obtain clearance volume from the head gasket, two
dinensions are peeded; nstalled gasiet thickness and
made diameter of the gasket fire ring. Ganket thickness
must be deterrnined from o gasket that has been installed,
or compressed by the force of commectly tomqued head
holts, The problem here is the gaskel springs back—
partully relums 10 its original thaknes—when precourne
from the torqued bolts is removed. This prevents yoa
from gething an accurate reading by indtalling the gasket,
then removing il and messuring it S0 you must do one of
two thangs: Find an engine like vours that's assermbled
with the came head gasket and measure the gap between
an overtanging par of the head and deck surface. Make
the measurement with the inside portion of vernier
calipers or, if that's ot possible, do it with focler gmuges.
The second method is to place 3 small prece of lead
hetween the head and block dock where there's no gasket
and ineanl] the hesd and sorgue the bolts 1o spec. This will
compress the lead 10 the same thickness as the gasket, bul
the lead won't spring back. Therefore, the thickness
accurately represents the instalied thickness of the head
gasket. In the example, bead gasket thickness was 0035
in. The second dimension you'll need is the inside
diameter of the five ring. The problem here i the fire fing
mary Mol be a perfect circle. I this is the case, estimate ity
LD by measurng it in several locations. Any ermor from
vour estumate will be w0 emall it will have lie effect on
vour compression ratio calculation. In the example |
estimated head gaskel fire-ring 1D 1o be 4300 inchex,
Clearance volume due 1o the head gasket is:

Vg = 07854 % (4300 in ¥ 5 10035 in.) x (16.99%cchint)
Vg BXce

Summarizing. scparate volumes and their values
kg wp clearance volume in the example engine ane:

Vi (O lader head combustson chamber volume ) = 11902
Vp { Vodume due o shape of pistom topie 4loc

Vo ( Volae due o deck cearmce of paston) = 2 Mee
Vig Volusme die 1o thickness of head gaketis 815

Total Chearance Volume (CY) = Vh+ Vp + Vd + Vg
CV = 119cc - 42ce + 23600 + B33
CV = 8o

Compression Katio (CR) = CV + SV/CV
CR = Bfce + 943ce/RBec

CR = 1030 ce8%ce

CE=11T7:1

intreasing Compression Ratio

You mow know how o determine the compression of
your engine. Bul you may went to increase its
compression (o the mazimum allowed by rules governing
your racing class of that permimed by the octane of
available gasoline, The guestion then becomes how much
do you meduce clearance volume to obtained the desired
compression? Again, it o combination of math and
measuring. Given the desired compression, you can
easily determine the new clearance volume. Putting (he
revised compression-ratio formuola o work, lers assume
the desired compression for the example engine is 12.5:1.
Using the revised formula and phigging in the mumbens
the new clearance volume is;

C\'rz — S\’Il(fﬂr-— 1)
{:A"meluun
CV, = 43ce/11.5:1
C"il'jzlﬂu

To increase compression from 11.7:1 w0 12.5:1 in the
example engine, the clearmnce volume change is TV, —
CV = 82cc — BBec = -bce. The negative number
indicates CV is reduced by fice, Do this by milling the
evlinder head 10 reduce combustion chamber volume 6ee.
The new combustion chamber volume Vh will be 11%cc
— e = 113,

Determining Milling Amount—HBul by how much
should & cylinder head be milled to obinin the desire
volume? This is the first question. The second concerns
valve-to-piston clesrance, Removing material from the
bottom of a head not only reduces chamber volume, it
reduces valve-to-piston clearince by nearly the same
amount. To check this clenrance, tum 10 page 138, For
now, though, let's ook a1 how 1o determine how much
needs (o be milled from a head o armive ot the desred
combustsn chamber volume.

Start by setfing up the bead similar to the way you
wiathd for ocing it. There are some misgr differences in
how o do it this time. First, the head must be level from

end 1o end il from side to side. Also, vou don’t nesd e
clear plastic plate for doing ths procedure. As for the
bwretie, do just as before: Fill it with measumng ligud 1o
the #erm gradustion. This tme, though, drm the flusd nto
the combustion chamber o the new volume, o [1530e for
the example enging. The distance rom the gasket susface
i the liquid surfece is the amount you need 1o bave
milked from the head, Note: The smaller the combusiion
chamber, the more you must remove from the head. In
the exnmple, 0,025 in. hod to come off the head

Measure from the head-gasket surface to the liguwd
surface wsing a dial indicator or the depeth gage end of
your vermier caliper. Be aware, though, that the capiblany
acticn of the lguid causes a similar effzct as o whin
creates the meniscus i the burene. 11 will "jump” up 1o
meet the indicator plunger or caliper, cousing a lower
reading. Exactly how much this differece s depends on
the liguid being wsexd, but (U010 in. is typical. So add
.00 in. 1o your reading, or in the example the
meastrement was 0019 in, Wath 0000 in added, (029
in. is the amount to mill off, As a final check, co the head
after s malled. W

Complete eyfindar bood reconditioning by giving gasket surdace a
light et on millling machine. Mote polished combustion chambars,
which was port of porting job. Cyfingor head wos tested on Bow
Eench to endsirg mndifications. incrdined port Sow,
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rom Ehis proind o, your engine

progeet should e all down hall

Evervthing is clean, the pans

are wew of reconditioned and

msost ol the hard work 15 Behid
you. Iy bime o reassemble vour
I'JIElllﬂ"

Hetore vou gel started, keep the
followimg poits in mind, Be very
ciretul when assembling your gngine
This is your last chamce o discover
wny prohlems sich as incorrect
clenrances or parts. And never leave
mternal enging purts or a purtially
mssembled engine uneovered

ASSEMBLY SUPPLIES

Just ke the work you've done up
umthl mow, there are o lew thngs you'll
need for assembBling vour engine,
Have o lorge, clean, garbage bag
Banady, When taking o break or when
your foewish o the divy, ship the bag
over the engine or parts, Dirt and
ITHIRAELIFE TS {0 CIEINE & WOrst encmy,
The bag will protect it wnd oo leave
fine s would o cloth rog. You'll also
need various types ol lubricants,
sealérs, a complete wisket set, core
plugs and your favorite color engine
paint, [1's hest that you gel these
before vou start, Finally, there are
some special ools you'll need as |
i ] Daber in this clusper
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Erygrn bult for stred wen, cocmdonsl car shows and some racng, Compromiss wos mods
betwenn @ saging for the strest bul powesrhd spough for competition, Comprmine fevensd
raoing, so drivealdlfty for strest usd wes nacrifioed,

Lubricants

There are three functions assembly
lubricant plavs in o newly rebuil
ehgine: The ewious amd most cntical
is lubricating internal engine parts
during those first few minutes of
nitial start-up, The second one 15
CUMTubaiag |'I|'|r|¢|.'[t|.l|1 I¥ VO enmgine
won't be run for an extended period of
time for whatever reason, Keeping
these Freshily mischined surfisces rist-

free is critical. The third function (%
bore sealing. Without odl 0 seal the
rings 10 the bores amd pistons, your
engine won't have sulTicient
compressian for that initial start-up,
Cine of the gl lubricants 1o nse
for assembling your engine is the oll
vou'll b using in it You might as well
get o case of it. While on the subject
of oil, make sure you use o graded
detergent wil in your engineg. This

mfornuition is on the can or jug. Use
the best grade of oil you can find, or
an SH or higher rated oil. As for
weight and brand, only in politics and
religion will you gel more opinions.
Generally, though, 30W oil 15 fine.
But 1 prefer o multi-viseosity oil such
s SWEAE It acts like SW oil when it's
ot OF andd 30W oil when if's at 212F
Oils with wider runges of viscosily
such as [0W4A0 are not recommended
by auto manufacturers. As for brand,
that's up 1o you. It's hard 10 go wrong
in this depatment if you wse o name
brand and follow the recommenda-
ticns 1've Just made,

Az recommended in the previous
chapter, Ford's (il Conditioner or
GM'= Engine Oil Suppiement (EQS)
make excellent assembly lubriciants,
They are good for Tubricating
bearings, bearing journals, rocker
s, lifters, oil pumps and pushrods
during assembly. Another choioe for
[ubficating thess items is Lubniplate’s
No. 105 lithivm grease. For
lubrigating high-load areas such as
rocker-arm tips, rod, main cap and
cylinder-hesd bolt and stud threads
and the undersides of bolt and nut
heads, vse an exireme-pressure
lubricant such as CMD #3 from
Chicage Manufacturing  and
Dristribaiting.

Muly Lube—Another lubricant that
stands above all 15 molybdenum
disulfide, or simply moly, [ wouldn
use anything else for prelubing cam
lobes and lifters. It is great for cam
and lifter break-in during the firss few
minutes of engine running. It is so
good, in fact, that many aftermarker
high-performance camshaft manu-
facturers supply it with their
camshafts in either grease or liguid
form,

Anti-Selze—The last lubricant 15
difficult to categorize. Anti-seize
compoursd octs like a lubrcant and

|| sealer, but it's main purpose is (o

prevemt threaded fasteners Trom, well,
seiging. Exhoost manifold/header
bolts are prime examples. The bolis
frequently hreak off rather than
unthreading., And anything that
threads mlo aluminum presents o
special problem, especially spark
plugs, When installed without anti-
seize compound on the threads, a
spark phug will Frequemly “pull” the
threads from the cylimder head when
removed. So add anti-see (o vour
invenlory, especially if your engine
ket luminum hiesds.

Sealers

MNearly every gaskat i your engine
will reguire some tvpe of sealant. B
each one has o different functen, so
different sealers must be used The
on-sealer-does-all doesn't exist

RTY Sealer—I1 there ever was a
sealer that's close to being universal
it's RTY lemperalure
vilcanizing) silicone. But it is
availahle in different tvpes. There's
thee “umiversal” type, high semperatune
RTV and one For wse on O sensors

Ome thing BTV silicone doesa’t do
well 15 hold gaskets m place as they
are installed. It acis more like a
lubricant, making a gusket react like a
watermelan seed that squirts oul
between vour [ingers. This 15 what
frequently happens as the manifold,
valve cover or whatever is tightened
down, Otherwise it's 4 great sealer,
sometimes suitable in place of 4
gasket! When buying an RTV
silicone, make sure s for aulometive
applications, Bathroom caulk won'
o

Whar works best to hold & gasket in
place is 3M's Wentherstrip Adbesive®
Chbher names, many of which aren’t
Mattering, have been given o this
yellow, smelly and gooey
adhesivefsealer, hut they are
descripiive. YouTl pet the pictune after
you've wsed it or have removed a

[ gilsli]

Pimducts you'll nesd soonar of later; thoes ta
predube and sead anging during assamidy.
Might as woll round them ap now.

gasket that's heen glued i place with
weithersnp sdhesive.

Examples of other scalers are
Quthoard Maringe Corporation’s
Ailhesive Type M oand Ford's Gasket
and Seal Contact Adhesive, Other
excellent sealers wnclede High Tack®
Coppercoat® and Gasgacinch®. These
are all good for their intended
applications. Sometimes the chocs
comes down o availability or your
preference, nothing else.

Add a moll of Teflon®™ tape to your
iwventory. [t is useful for sealing pipe-
threaded components such as ail
pressure senders, water lempeaiine
senders, pored vacuum switches wmd
threadad odl gallery plugs

Gaskets, Seals & Plugs
Providing o positive seal for
gasilineg, oil, coolam, combustion
chamber pressures and menifold
vacuum is @ critical pant of engine
assembly, The sealants mentionad
above sccomplish part of the task, bt
the lion's share of engine sealing
belongs to gaskets, seals und plugs.
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Dot cvgasited sveesibly ares W eateisl A ploatss ool bag e your shgine Chaas when

W el e weoeised on

the gaskels in an cagine
If a

SR Ot

complele sel is o
visd 1] meeed

ket wels i lower, of

t, and a valve grind set
As for the plugs

then wCparal Iv 18 & st for your

you'll need to pet

W vosu dudnt rebwore yvoaur engine

vima Can save muoney by purchasang a

g st [t mod ondy has the gadocts,

a re-nng sel abao includes the rings

and beanngs. Another ol

M Ik 3

complete engine rebuilding kit,

comes with pistons of

popular
iwversiies, rings, heanngs, camshall
lliers, plugs and gackicts
Tools

Orhen
occupying your loolboy as well as the

ones | disoussed i Chapler 2, vou'll
ey [or

than the tools normally

necd some special
assemblng vour cngine You may he
abile 1o rent some, others you'll have o
by o, of vos pe luck v, hosrow

Ring Expanders—These are used
for one

b only L[] \|"1|."ll.|

compression rings so they can be
installed on pistons. They are
meipensive and can prevent the

expensc of 8 complete new sel of

10

nngs because you broke one. They
can also save vou a lol of physical
pain. Your thumbs will be sore and
Iebosondved if voma usee themn o spread e
11“!‘\

A nog expander looks ke a small
paar of phers, But rather than closing
when you squecie the handles, the
jws open. Easy (o use, one hand mses
the expander o spread, or expand, the
ring and the other controls the nng as
vou fit o over the puston and mio is
LI

Ring Compressors—These are
used 1o compress rings on their
prstons w0 they can be installed inio
the bores. In thit case. there (s no
Ooplon: A rng Compeisor 18 o must
for nstalling pistons. Of the throe ning
compressors, there are the oylinder,
clamp and cone types. They all work
well if used comectly, The cylinder
Iype s most popular do-il-yourselfer
nng compressor because it's casy 10
use and relatively inexpensive. The
nng compressor preferred by most
commercial engine builders 15 the
clamp tvpe because it's faster. Cone
Iypes are also fast, but one cone s
required for each exact bore sire. |
recommend you use the cylinder or
clamp type

Plastigage—This is a handy
hearing clearance checking wol even
though experienced engine builders
tum their nose up a1 i, Although
you've measured the beanng joumals
and have ordered the appropriate
bearing nserts, you shouldntl believe
what vou read on boxes. Oil
clearances shoukd be checked 1o make
sure the right beanngs got in the right
box, The quickest and casiest way of
doing this 1 with Plastigage. & small
precision strip of colored wax
Purchase one sleeve of the green
variety. It has a 0.001-0.003-
i 00240 O08mm range. It should
be fresh, not hardened by age. If it has
been hardened from sitting on the
shelfl for a long time, youor readings
won 1 be accurate

Cam Bearing Installer— This s a
tond wour shoubd be soquaimied with if
you removed the cam beanings. If you
removed them, you must decide on
how o install them. The firg may be
the best approach. Take vour black w
the shop and have your cagine
miachinkss do i, But if you'd rather do
it yoursell, you'll have to purchase,
hormow or possibly rent a cam heanng
installation kit If vou decide 1o do it
voursell, | well you how later in this
chageer

Engine Stands—These are great
for assembling engines. They ane
relatively inexpensive and make the
engine asembly process casier. s
VEry casy 1o reposation the engine o
IMPIOVe SC0ess o any side, N."r or
hotormn, 11 you don'l have one, Bow' S
a good time to think about geiting
e

Area
Where you assernble your engine is
an important consideration. An unlit
shed with & lesky roof and a dint floor
wn a pood choice. You need o clean
room. Lighting should be good, you
should be reasonably comfonable,

Belors rwinling oves piagl. Spply sedier o ols 10 or plag 00 Pisce plaf ever boie. Thes drive in phag esing large Sameler punch w0 Bange W

wven with taofiem of feie dav. Tou sk

and the area should be dry and dust
free. There should also be sdequate
shelfl and table-top space to allow for
storage, organitation and & clear work
area, Now, let's get o work

Once the plugs are nstalled m the
rear of the block, vou can mount the
block on an engine stand. These
include the cam plug and rear odl
pallery plugs. Read on for installing
thewr

Camshaft Plug

Two hasic types of camwhafl plugs
are used! cup and expansion. The cup
plag used 10 seal the rear cam-heaning
bore is similar to core plugs, but
typically with shorter flanges
Expansion plugs looks simalar, but are
imstalled daffercruly

The cup plug installs with the
Manges away from the cam. Run a
small bead of silicone sealer anound
the 1D of the bore before you begin
imstalling the plug. Drive it in with a
punch slightly smaller than the mside
diameter of the cup. A large sockel
and 3 lead o brass mallet will work
Do not strike the edge of the plug
flange. If the plug cocks as it's going
in, either remove it and stan over of
favor the side that's sticking out as
you continue driving it in. Drive in the

plug until the edge of the Mange i
cither even wath or slightly past the
bottom edge of the chamler by no
mare than 1732 in If vou can caich
the back side of the plug flange with
youd flingemail. the phig snt in lar
enough

The expansaon phug installs wath the
flange posnting m. To devve it n voull
need a hollow thin-wall punch that
has an 0D similar to that of ihe plag
Dont drive against the center of the
plug. It may ok seal if you do. A pipe
reducer of short section of pipe wall
work as o drver. Apply scaler 1o the
outside surface of the flange and drve
in the plug until it bottoms in the
counterbore of s Mush with the bore
wihnchever comes fird

gicdn U b mliin o “calch bachkaide of plog Range with you Segeemasll

Core Plugs

Your engme wall have

the sides of the water jacke
rnu|h!-. the front and rear

block. Cup plugs are used most o

timie, bat some high "
engnes gse larpe-dhameier |
Cup-type core plugs are &

cam plugs. bul some arc casier |

inslall because of thewr smaller
diameters and lonper Nanpes, Thes
have lesa lendency o cock as they'n

driven im. As wilh cam |'||-_|,_--. Wil

need sealer and a punch thar fits
loosely insade the plug. After applving
scaler to the bore, drive in the plug
urti] 's even with or lightly beliss
the bottinm of the chamiler. Check o

wilh vous Illlpnrual Bo see il ol D

wials wiih cerve s epen skl o To seduss B ddve canler et Rat



Cuaptype sl gabery pig o drves 9wt percs Pusth should sot §1 Bghtly in paag offerwise
Range will collapms on punch @s g poss i Sesl pug el drve in el hok apering
Seturr plug by stasing fange m thvss pleces ek wral ol

LTI |

wiedd, seal ther thremds and mun them
tight. Use Teflon

Wrap the tape

uvmi] the threads as vou wiwl

tape tor scalmg
codnlerc lockwise
| ok
lug s hen installed. Hold

I ol il the

el m vl fodage e [l||||.' H wimi
remaonved The walenacke! drun phogs,
nstall them n the

wial amd A

FrRARCT

Oil Gallery Plugs
Typically, pipe Mugs matall in the

rear of the ol galleres and cup plugs

To install the threaded
plugs, seal them with Teflon® lape
Wrap the tape into the threads as st
described. Be cancful mot 1o et the
tape extend past the first thread. This

couldl cause serious problems if the

i the Tronl

tape broke ol and restracted an odl

SECURE THOSE PLUGS

I you're andding a high-performance engine, secune
the cone plugs with rivets or epocy and ihe oil-gallery
plugs by staking them. Although it's unlikely that a
comectly installed plug wall come out, making ame they
dont = r;u.uj IRAUrAnCe

Core Plugs—When secunng core plugs | prefer using
nvels insicad of cpoxy. Although n takes more cffornt,
rvels are mone positiee and not as messy. An advintage
epory has over nivets is il ot only retams the plugs, it
abso helps seal

You'll nocd at least three nvets for cach core plug and a
few spares. These we svailablc &t any indusanal supply
hompie. Geet o sk of #00- | d-in, ong Ui-drive rivets. To
prepare the block for the nivets, dill theee evenly spaced
hodes pdgcent 10 each cone pliag lange with 2 no, 54 dnll
Start this by blumg the core plug hole with machini's
bue, imdicating the nvet parem and center punch them
sa each i 120° apart. Drill the holes square 10 the
chamfer and so the rivet bead will overlap the plug
Mange. Don't dnll any deeper than neccssary. To gt the
depih right, wrap a phece of masking tape or X0 mph
tape around the dnll hack from s tip o this distance i«
oqual o the length of the nvet plus 1/16 m. A nvet Lad
alongside the dnll i a quick way of runsferring this
I AL Tl

Run the dnll in antil the edge of the tape is even with

ihe top of the hole and it will be at the cormect depth. To
b sure, imstall a rivet by lightly tapping it into place. I i
palis down tightly against the plag Nange, preat. I not,
puli ot the rivel, repesition the tape on the drill, deill the
hole deeper mnd recheck i, Once you have all rived holes
drlled, install the rivels

Toepoxy the plags m place, ron & bead around the edge
of each of the core plug Manges. The surface 10 be
eponied should e chean and odl-free.

Ol Gallery Phags—up plugs scaling the oil galleries
can be secured by staking. This b a simple process of
distorting the leading edge of the holes with a chisel,
Using & panern comilar to that used for the rivets, nolch
cach hole i three equally spaced places. Thas nuses the
mctal @ cach npowch, preveating the plugs from coming
vl

Check that cam earings ar the ones for
your engine. Croas-check bearing part
Aumbars to lsd on slip of pager in or on boa,
&8 I8 the cass ham.

passage or onfice. causing oil
strvalion (0 a critical component
sich s a hvdraulic lifter or bearing.

If wou plan on u=mg an engme stind
during engine assembly, don't mount
the blook on it just vet, The stand
limits secess o the rear of the block,
so you'll need o install the cam
bearmngs and rear plugs with e hlock
on 8 bench or the floor. Once the
plugs and bearings are - place, vou
can install the block on the stand.

Take a look at the cam bearing
inserts before you begin installing
them, Make sure they are the comect
ones. Fit them 1o the cam-bearing
journals if necessary. You can't
Plastigage cam bearings.,

Progressively sized cam bearing
inserts are sometimes used—hey 2o
larger from the back of the block 10
the front. Other engines use cam
bearings of the same size. But there
could be other differences such as the
oil holes wnd grooves, Most cam
bearings have one oil hole excepi
mayhe for the front or rear one. One is
thwe oil fead hole. It provides a passage
foe onl oo flow 1 the beanng joumal.
The ather hole may be for allowing
oil to flow o the distributor shaft. Ol
for the lifters or distribator shaft may

Mew cam bearings have square or ragied adges. To case com Installation, chamber edges of
bagrings with A pocked krdfe or bearing scrapar bedoss you nstall theam,

flow throwgh a groove in the insern
Reler to vour notes on this one.

Chamfer Bearings

Prepare cach bearing insert for
installation by removing the sharp
edge from both ends of the bearing
This will allow the cam 1o shide mio
place withowt hanging up, A bearning
scraper waorks best for doing this, Tt
leoks ke @ triangudar file withom
reeth and three hollow ground sharp
edges. IF vouo dont have one a pocket
knife will work,

Chamfer cach bearing edge by
holding the scrapes or knife at 457 1o
the edge of the msen 1D and peel a
shaving off about the width of four

human bairs. Hold the bearing so you
can rotate 1t as you chamfer
Remove just enough mitenal so o
can feel o burr when you drag o
Nngemnail across either edge of the
beanng,

There's a simple imck o aign the otl
holes in the ingens with those in the
block. Dvaw a line with a fell marker
across the back of each insen in line
with the ol holeis). Similarly, draw 4
hine on the face of each bearng bore
in hine with oul holets) in the block
Alipn he murks on the bearmgs with
those on the block prior 1o driving in
the bearings (o muke sure the ol holes
hign,

This fropt cam bearing has two boles and a groove In between. One is an oll supply Bole snd
tho other is for supplying oil to distribator shaft bore, Always chock bearings o shinwn belo
irstaling them.



Driving Im mew com boarings mn't mech iifeest than driving ol the old omes, Just make sum
yoii 00t damags Beaings o you drive theem in, lne up oll hides ol be caralil that they go
strmlght 1. bsiall Boasings storting from frant o0 bsok 1o middls of book with sccess Ihsugh
hach ¢ front then go ta (ho other sad i0 complols cam bearing mstallation. Coms cantem

driva Bar Im bearing ks,

Some Fonl oam bearnggs must be deiven in 8
apoaiflc distisca past the froni lnce of blook.
DMhar just have to e devon |n Beiow from
tnos. Check sngine speos. H 8 spocifleation
I8 jhven fer font caen bearing becation, use
foolor geuges amd o stroight sdge like this
wilh Ehwisit plade to chack Baaring position,

Prepare the Block &
Bearings

Position the hlock so you have
ACLERA LD II'u' cam h-;'|||'|:||!,: |\|l|'|_"|. '\-'I"|I:I|
a ¥eype engine, this i usually with
the block om s boack, An inline block
shvould be on it side

Orgunlee the bearings in their
relative positions from front 1o mear
Check your netes for anything specinl
such as ol hole or groove positioning
Your'll also need some motor o], the
bearing matallation nool and, possibly,
aroll of masking tape. O holes in the

Chack that cambaaring oll holes align with
thosa |n Block, If they don't, cam bearing
won 't rmoalve sy ibeicabion,

Inseris wre someétimes slotted 1o
accommuxckite misalignment with (he
Iwdles in the block,

When installing ench cim beanng,
wirk [rom the end of the block thal's
apposite from the end you're installing
the bearing in. Thit is, when matalling
the rear com bearing, work through
the front of the block and vice versa,
When installing the venter bearing—if
there I one—work frowm either end,
This gives better allgnment of the
drive or pull bar and, consequently,
the bearing should go square into its
bore, [F a centering cone s port of ihe
installation (ool, great, Use it o conter
the bar in the front or rear cam

bearing bore, If you don't have un
alignment cone, sight through the
hearing bores to center the har,

Select the fronl or rear bearing and
the appropriate mandrel, The mandrel
shouldn'y fit tight in the beiring bul
shouldn't be loose, gither, IF the it s
close but oo loose, ke up excess
chearnce by wrapping some masking
tape around the mandrel, When bsing
an expansion mandrel, expand it until
bearing fit is sanug, then buck it off
slighitly, or nboul one tum,

Check for chamfers on the oulside
beading edges of the hearing. If only
one end s chumbered, it should go in
firse 1o provide o lead-in, Liberadly ol
the mandrel, put the bearing on the
mandrel and align the bearing and #ts
il hisleds) with the bore, Make sure
the bearing back wnd bore are clean
and ol free, Center the drive bar in
the bearing bore, tap on it to stort the
bewring, then check o see if it's going
In struight. 11 you're using a pall ar,
also check the bearing just us it enbers
its hore. If the bearing staris crooked,
rermen'e 11 and |E"- A,

If the bearing is stared struight,
drive or pull it in wntil it looks
centered in its bore and the ol holes
In the bearing and block align. Yiou
may have o be more precise with
positioning the front bearing, As an
example, some Ford VE chm bearings
install so there is OLO05—L020-
i, /0,1 —0.5mm clearance between
the Tront edge of the bearing and
thrust plate, Check specs in your
mnual for clenrances

When you finish installing the
center cam bearing, go 1o the opposike
end of the block and work from that
end 1o the center until all cam
bearings are in place, Be careful when
doing this because you must be
careful not to damage the new
benrings with the drive ar pull bar,

Bearing Check—With all of the
bearings In place, trial-fit the

Mg aevd scraping cam beasings v what you'll have to do I gem s Ught in ths new Boirdngs,
' doéng frowt oné here, Center baasings ar harder 0 & bocmise of aocesslbildy. This job s
Pt 0 anpart,

camshaft, Be very careful that you
don't damage the bearings with the
citrm lobes when instulling the cam,

Thread o long bolt into & sprocke
bl hole or temporarily install the
sprochket s you'll hive betier control
ol the cam during this trinl
installatson. The cam can be difficult
b hanlle once you get it most of the
way into the Mock. (il the bearings
wnid Besaring journads, Use one hand on
the boli or sprocket and the other 1o
support the cm down in the block ns
you move it from one beanng web o
miwther,

When the camshall ks all the way
“hoame" loosely install the cam
aprocket i s not already there and
rotate the cum by hend. I it alid into
place easily, the cam should rotate
without much more than slight
resistance, I the camsbaft binds,
however, remove it and wipe the
bearings clean with a clean paper
towel soaked in lncquer thinner, It's
now time o perform the bluing-and-
SCRIPINg prociss

To scrape the bearings you'll need a
fool like the one described earlier for
chamilering bearings. You'll also need
some machinist's blue such as
Pykem. St the process by bluing
the bearings—coat them with
machinist's blue, Carcfully install the

camshal withowt ol on the joumals
Alter rotating the cam ot loast one
revaluthon, remove i

Inspedt the bearings. You'll need a
small mechanic's mirror o view the
full 1Dy of each bearing. Areas where
clearance s ght will be wiped clean
of bluing. Such areas must be
religved, To do this carelully, scrape
wway i smill mmount of muterial the
full length ol the bearing in (hose
nreas only with o hearing s
Don't remove oo much, Reapply
bludng and check again for tght mreas
with the cam, Repear the process until
the cam rotates freely and without
remaoving Muing. It should rotate
without hinding when  you've
nchieved the needed clearmnee,

INSTALL CAMSHAFT

lHPI."[

If you're installing a new or
reground camshafl, make sure the
drive pin or key is in place, If not,
remave the pin or key from the old
cam, Remove the pin with Vise Grips
o Clamyp the pin in a vise and pull the
cam off of it. Don't worry about
burring the pin surface, Put this end in
the new cam to help hold it in place, If
o Woodrud key ix wsed, tap the end of
it with a sl punch and hammer, It
will roll out of the groove, File off any

Maw camslafs somalimas don't ceme with
& delve pin. I this is the eass, emowe pin
frans yuie old camskal Gsfoes you tuei it In
o § sors. Mamaws pn by clamaing on it with
Vimas Qoipe il Wk 1§ it

Hather than remening soad marks hom drive
i, take advaniage of Them inatell soaned
ond of pin Brsl. Drive B In woth & pench and
haemmer bl 1§ Dot

burrs and tap it o the groove in the
MEW L

Mote: If vour cam s gear driven and
USEs 0 I:|||:||'\.I |1|.|n- for |.'II|| |'||||1.
control; install the thrust plate as
described below boefore going any
further,

Camshaft lobes we Purkerised aftes
being ground or reground. This
chemical treatment applies a
mangenese phosphate solution (o the
lobe surfaces to give them the needed
wear qualities. 1t hardens the lobe
surfaces and increnses oil retention
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Immadintely bolor you nstall camahaf, cosl cem lobos with moly ube, 0 bearings and
tsanring joumale.

Unfortunately, ey also retuin din, so
wipe down the cam with o paper
towel and lacquer thinner before
installing i,

Lubricate the lobes and bearing
jowmals, Apply maly (o the lobes and
assembly lube or motor oil to the
Journals. Alermurket cam manu-
facturers usnally supply moly with
their cams because they've seen first
hand the sad results of improper cam
lobe tubrication and break-ln. So if
you don't have any molybdenum
disulfide, pet some. Don't rely on oll
to predube the lobes and lifters

Camshaft End Play

This is not a consideration with
some engines. Two “for instances” are
the big- and small-block Chevys
when flut-tappet cams are used, In
ench of these, oil pump and lifer
loads on the camshaft force the cam (o
the rear of the Mock. This hokds the
cam drive sprocket against the front
face of the block. But change these
|oad-producing componenis such os
the lifters or oil pump and you'll bave
1o nstall a button on the nose of the
cam for thrust control,

I your cim uses i pressed=on . geir,
the gear must be insabled with the
thirast plate before the com is installed.
This is dona in an arbor press, so
guther up the cam, sprocket and thrust
plate ad head Tor the machine shop.
Fit the thrust plate to the cam, then
align the gear with the key and press it
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om #0 there's enough end play. Emd
play should be minimal, or abou
RN =<0, 008 i, D020, | 3mam., Check
clearance with feeler gauges between
thi thrust plate and gear,

Chain Driven—For o chuin driven
caum using w thrust plate for end play
conrod—il may use i thrust bation—
install the throst plate now, Chains
and sprockets are sometimes
lubricated by oll routed through a
hollowe thrust plate boll or & groove in
the thrust plite. Refer to your notes
conceming this

Lubricate the back of the thrust
plate and thrend in the bolis. Torgue
the bolts to spec, Next, do u trial
installation of the drive sprocket. A
spaicer may go behind tand & washer

andyor fuel pump eccentric in front of
it Again, check your notes, To wogue
the sprocket bolt and keep the cam
from tuming, inserl a screwdriver
through one of the holes In the
sprocket web and a hole or against a
web in the block. Limit end play to
0000 =00, 008 i 0020, 1 T,

If end pluy is excessive, & new
thrust plate should correct the

Cam ihrust plates must semetimes be
positionsd

wrianted Im & spacific dirmetion and
1o front fece of Mock a3 Is the case hare. It

routos oll fram fremt eam bearing te
oll gallery,

problem. Don't assume so, though, Go
through the same checking procedure
with it to-be sure.

If ¥our com has a pressed-on gear,
aceess to the thrust plate bolis is
through holes in the gear, Align a hole
in the gear with one-1n the Block and
ingtall a balt, Finish installing the
other boli(z) by doing the same,

For camshafts usimg thrust buttons,
end play control is accomplished with
the head of the gear or sprocket
retaining boll and a plate anached w
the backside of the front cover. Install
the cam drive gear or sprocket, any
spacers of poasibly o distribimor drive
gear and specinl thrust button boir to
the nose of the cam. A dial mdicator
&l the back cam bearing joumnal can be
wied 1o measure fore and aft
movement of the cam. To check cam
end play, loosely install the fromt
cover with gasket to the block, Check
end play and gradually tighten the
cover. IT i too tight, carefully grind
off the head of the boll a few
thousandihs a1 & time until you
achieve the correct end play and the
cover bolts are tght. If end play is

excess, purchase a new bolt and start

|| over, Remove the front cover when

yive achieved the cormeat cnd play,
~ Aftermarket high-performance
muappliers offer aylon threst bunons or

plate cermetly. Torgue bolts to spacification.

even needle bearings for selected
engines. Either of these modifications
are worthy of consideration if you're
building a macing engine. Otherwise,
SAYE YOUr moncy of put it fo use
elsewhere,

Nite: Keep the block covered when
you're not working on it Pve said this
garlier, but iU's even more imporant
nowy- that the camehaft is installed and
the lobes lubricated. Protect your
investmen.

CRANKSHAFT
INSTALLATION

It's time o prepare 1o install the
crank, main bearmngs, and the rear
main oil seal, What bearings you use
depends on the size of the main

muhmwwmlhmmnmmamm

bearing joumnals, The oil seal comes
wilh the gaskel set,

Size the Bearings

To determine what beanngs to use,
refer to your crankshaft inspection
notes. There vou should find
medsurcments of the main and rod
journal dinmeters, Compare (hese 1o
specy found in the manufaciorer's
mumual or a bearing camlog such as
those from Clevite, Federnl Mogul
and Vandervell. There you'll find all
sorts of specifications o vou can
determine whal bearings should be
wsed: sandard or 0,010-m, 0. 25mm,
0.020-1n. /0. 50mm  or (0.030-in./
(. 75mm undersize.

Mow's a good time to correct a
common misconception. When a

Wide flanges on one et of main bearing mserts reslst crankshal thnst beads as opposed to
single puirposs radial booring imsorts ot Aght. Holes ond grooves in uppor beoring halves are lor
latrscation,
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Stamped Mo hack of bearing et B part
number and relstive [pumal slie, Desrings
Wil e stamdsrd (STD) Hhe this ans, or
walorsde s Scaled by 010, 920, elc

heanng pammal s growrsd o o smaller
iharmcten, e e s sy heanngs ane usel,
Remember

urrbersese bBearmgs waith undersise

il v eispAe Lise

pournials Suee ax related o pournal
thamcter, e Bepne msert thickness
Tow enample. of the pwrmals are (000
standard, of
- in

in simaller than
unidersize

The

mians can e lefl starland ure and the

shrE

are vscdd Arother Pl

el purnals sl wsderare of vice
versa. Hut all the masms or all the mxd
journals must be turned the same
e paridbess o whether they need A oox
Fudd

Ay @ releesher, bearning journal
ihamictens are speaifed oo range. An
example & 2 TIRE- 2 T405.9n, where
2 T4KS i s the s allovacalske
2749% . ix the

diamelier

diameter and

mavimum allowahle
Soowmunal, or average, diameter of this
beanng journal s 2 T4 in. 11 the
povermal size falls wethin the manumum
and mavimum range. wse standard
heanngs Fast of the parmad measures
T 7480 e, 0w 00T undersire, s
(L n. undersire heamngs ane e |
Twer hasic types of seals ane ased o
the rear mamn-—rope and Lip types.
Ripe scals are two lengths of graphste
imgpregnated rope, Sinular w0 the main
heanings, the mpe seal o made ap of
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The operation I'm aboul to
describe makes bearing engineers
weep. They prefer that a bearing
insent be installed juss as it comes oul
of the box. | agree hecause bearing
manufacturers spend uniold hoors
and thoasands of dollars 1o develop
their products. Butl most race-engine
builders can't keep their hands off
parts that go inio their engines and
bearings are no exception. And no
one has proven that what I'm about
1o describe huns anything. So if Wl
make you feel beter and vou're inio
“romancing” engine parts, here's
how 10 ace-prep engine bearings
without doong anmy damage.

Youll need some 3-in-1 Houschold
Oil and newspaper. Typically fine
Scotchbwite i used, bul newspaper is

better. Fold the paper in about a 2-
inch square so it's several lavers
thick. Soak the paper i the 3-in-1 oil
and wipe the bearing hack and forth.
The idea is not 1o remove any
material, just put a bright finish on
the beaning surface. To do this, use &
motion with the oil-soaked paper in
one hand agawst the bearing while
ir's in the other hand just as the
bearing journal would if the
crankshaft was rolated back and
fonth.

When a bright even finish is
achieved, return the bearing 10 the
box and do the same to the nexi

- bearing. Continue this until all rod

and main bearings are prepped and
hack i their boxes.

an . uppet hall and a lower hall One
half of the seal mstalls ;o3 groove m
the rear main-beanng cap and the
wther hall w a masching growwe in the
bhoack. But unlike the mam bearings,
there s mo destinction between the bao
v

Lip seals are eather sphit or full
circle. Split-lip scals are amilar to
rope seals in that cach has an
interchangeable upper hall and a
hvwer hall. It oo installs m a groove
in the rear man beanng cap and
bk Supponed by a veel shell, the
full-circle rear masn scal mstalls 0 a
counterbore 1n the block and rear
main bearing cap of in & scparale
housing that balis 10 the cap amd
haock

Sealing qualines ane about the same,
bt lep scals are much casier o matall
than rope scals. Also, fncton induced
drag 1 hugher wath the rope scal, but
this drops off comsiderably dunng the
firsd few muimies of engine operation

e problem with hip seals i they can
he nstalled backwards, thus resulting
i & severe rear-mam-scal keak

Install Main Bearing Inserts—
Mistakes in packaging and pulling
parts are made. Make sune vou gol the
nght beanngs. Check the back sides
of e meerts. Youll find stamped on
the back of the shells ST, 816, 020
or 030 for standard, 0010 under,
020 under and (0030, To make sure
the right bearings got in the box,
maich the numbers on the box and o
those on the meerix. If you find a
problem comect 1t belore vou po sy
further. If all is OK. get on with
mistalling the bearngs

Position the block upside down,
Using & clean paper el soaked in
wlvent such as lacquer thinner, wipe
the beanng hores clean. Any din that
woulkd prevent the bearings from fully
scating must be removed. Wipe the
front and hack of the bearings, too.
The white residue on the bearings is

OK. Just make sure both surlsces ane
free of din.

Euch bearing half has o bent down
by, or lug, at one end. This tab fits
inter . mwotcly al the bearng cagy parting
lime 1 position the beaning in its bone,
ned 10 keep it from spinning. The fop
msen halves—the oncs that go in the
block—have oal holes and are
grooved,

Install the upper bearings, Fin the
tibbed end it the block first. Hold
that end flush with the edge of the
bearng bore with a finger or thumib,
then push down on the opposite end
i force the bearing inlo place. Check
oal-wrde aligrament. All beanng halves
will pop nto place with litle effor
except for the thrust bearing. lis thrust
flanges fit tightly over the hearing
web, so additional force will be
required fo ses L

Before vou install the bearing
inserts in the caps, lightly file the cap-
to-block maing surfaces. Do this with
4 large flat tike. Lay the file on your
benth and stand 4 cap up on il Hold
the cap square to the file and run i
back and forth while applying light
pressure, The object hene i o emove
any nicks or bures that could prevem
the cap from seating syjuarely agaanst
the block, not o remove malerial
from the cap. Break the sharp edpes m
cach machined corner. Alter wiping
the caps clen. install the non-grooved
inserts in them. Don't install the rear
main oil sexl ver,

Crankshaft Prep

If you just picked up your crank
after being turned or it's been in
storage, give it a thorough cleaning.
True. it may look greas, but dont risk
the chance of installing a crankshalt
that is covered with abrasive grit.
Wash it down with solvent and
run a small boule brush or
gun-bore brash through the oil
holes,

Baolors Installing beorings, cloom bearing bore n biock ond cap. Wips back skde of sach boaring
insart oo &nd fit inserts [nbh beck and caps.

Check Bearing Oil Clearance—
Mow thet vou've determined the
comect bearings for yvour crankshah
and have double-checked their seees
and pan numbers, additional checks
should be unnecessary, However, tike
this last chance to conlirm that
joumal-to-hearing, or oil, clesrances

are correct wsing that litle sinp of

wax—Plastegage. You'll need the
green, or (R 0,00 2-an. /0.0
(L0%mm oil-clearnce mnge.

To  check  clearances
PMastigage, bay the crankshafl in the
block om dry bearings. That's nght, no
oil! Mo only s Plistigage oil soluble,
the oil wall take op some clearance
and youTl not get o tree reading

using

Oouble-chack maln bearing ofl ok

with P

Don't turn the crankshall onee
vou've set it onto the branings.
Remenber thar the bearings ane dry
Tear ofl & preve of paper Plisiigag:
sleeve that corresponds 10 the length
of the beanng ournal. Remove the
strip of Plastigiage from the sleeve and
lay ol Jengiliwise o the jowrmsal. Dol
discand the slecve just vet Tnstall the
bestring cap thill poss i tha positen
andl torguee the balts o spec, Remove
the cap 1 expose the mashed
Plastigape, Some mav stick to the
bearing aml some o the journal, Tl
o'l matter, Bear cleanimce dinsctly
by Tining up whachever gradusasd
width at the edge ab the sleeve
matches the Plastugage Read ol

With cramhabaft in plece an dry

basrings, ley strip of Plastigage the ful length of the dry bearing joemal, then bnstall boaring
cap, & vary light fiim of all ean be applied to baoring in cap to keep Plastigage from sticking to
baaring. Torque bols to specification. Don't tem crankshaft, Carelully ramove cap with
baarings snd chech witth of squsansd Plastignge with sosls printed on odge of sleove. Widih

ponss divuctly to bearimg el ch
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For maxlmum socuracy, beadings are |nstalled In block withoul cronkshaft, thas 1D s

mreasired with dinl bere gaugs. Diffaren

Iroasurement is ol clearmnon.

Banring | I il and this

Tws ways of cheching ommbkshaft erl play, with dal indcator and tosber gougm. With dial
Inicartor, faroe crankshafl to rear of block ising o sorewdiver. Hold [t there, ram The #al

Imlicator and foca
arankEhaf in ane

while you
thnsi faae.

¢lesrunce directly, The wider the
Plastigage, the less the clearince

Typically, odl clearance should be
about 0,002 in/0,05mm for the
average street cngine, but 0.001
in/0.02mm s OK. Additional
clearance, or 0.0020-0,0035-
0 /0.053-0.09mm  clearance s
desirnble for o competition engine,

Crankshaft End Play—Now tha
vou've checked main bearing radial
clenrunces, check crankshaf end play,
or [ront-to-back  crankshaft
movement, Sometimes called ffoar,
this movement is controlled by
crankshatt and bearing thrust surinees,
End play should be within
OL005-00010 10,1 2-0.25mm: Check
1 b siive,

Two checking methods are used:
with feeler gauges or with a dial
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kahaft forward, Read end play direcily, Using lesles gauges, hokl
¢ glearamce betwoas Besting snd ersnioshait

indicator, Whichever you use, the
crunkshaft and top and bottom thrs-
bearing inserts nead be munlied, Read
Install Crankshaft, page 122, for how
to do this, The crankshall must be in
place, the thrust bearing flanges
aligned, cap holts worgued and
bearings oiled—except for the thrust
lwes

To use feeler gauges, foree the
crankshafl o the rear. Pry between a
main bearing web and crank
counterwelght or throw and hold i
there, With a 0,008-in0.20mm feeler
gange, iy inserting it between the rear
thirust surfaces, I it fits with & slight
drag, great, Finish installing the
crankshaft 1T the 0.008-in./0.20mm
painge is loose, try o 0000 2-in./0.W0mm
gainge, All Is OF T it doesn't fin, I it
does with no drag, there's oo much

clearance. Try progressively larger
gauges to find out just how much
excess clearance there is. Either the
distnce between the crankshofi thrust
surfaces I8 excessive or the bearing
thrust fnges are too thin, Check your
notes to be sure the crank is OK
hefore going back to the bearing
supplier with your complaint.

If the 0.008-in./0,20mm feeler
pauge won'l fit, try 0,004-k,/0. 10mim.
IT it fits with little drag, end play is
0K, IF it doesnt fin, you can cormeet
the problem, Hut first use your fecler
pauges 1o determine actual end play,
Record it then remove the crankshalt
and thrust bearing insens

Ty use a dial indicator, mount the
base 1o the front of the hlock. Position
the indicator with its plunger in line
with the center of the crank msing aod
against a Mot surface at the erank
nose, Using a screwdriver between 4
makn bearing web and o crank throw
or counferweight, force the crimkshif
1o its renrmost position and hold
gero the dial, then force the crmnkshaft
1o its foremost position. Read end
play directly, 1T it's within the
0005000 0-4000, 1 2-0.25mm limits
you can complete the crankshaft
installation. If end play is not
within limits, follow the shove
recommendations for correcting
excess end clearance. To correct
insufficient end play, do the
folkowing;

To increase crankshalt end play,
first determine wiid actual end play is
and what vou want o achieve. I the
goal is 0.008 in A0 20mm end play,
subtract sctual end play from this
figure el you'll know how much o
thin the front thrust bearing inser
flanges, This ks done by sanding off
material using 320-grit wet-or-dry
sundpaper on a Mat surfisce such s &
piece of thick glass or & surfoce plate.
Mike the flanges o determine whist
you're starting with. To determineg

SILICONE SEALER

Praitian snds of apli p saal in Slock so omd end ls above parting laca spproximately 38 In. Hall 0 cap shosld bo poaitienod so ende will mate
Bl lips st poderl tewand ol 10's sealing. Do not overise sasler, Agply i e ahown

final Nange thickness, subtract initial
fMange thickness by how much you
want to incrense end play.

Hold the inserts end 1o end and
miove them back and Torth on the
sandpaper in o eigeag moton while
applying light pressure. Wipe the
beprings clean and measure the
Manges a8 you progress 1o make sun
you are removing material evenly and
that you don'l remove too much
material, Once you've arrived at the
desired Nange thickness, reinstall the
bewrings und crankshafl after you've
thoroughly washed the bearing
imserts, Check crankshaft end play 1o
confirm bt is now correct,

Rear Main Bearing Seal—FEscep)
foe the Tull-circle lip seal, you'll have
10 remwowe the crank o install the reas
main seal, Regardless, the crank will
e 1o comse out 90 you can lubrwcue
the bearings and bearing joumals, As
Tow bt brstall the seal, the split-lip
iype el rope seal go in before the
crankehaft. I'll cover the full-circle
weal later, i installs after the
crankshaft.

A aplie fip seal is insiulled with one
half in the Block and the other in the
cap, It must be installed so the ip
points toward the oil it seals, or
foward the front face of the block,
Install bt backwards and you'll huve a

miapor ol benk,

Mote: To prevent the seal Trom
spinning in ity groove, some engine
builders prick-punch the bomom of the
seal groove in the block or apply o
light Gl of BTY sealer 1o the back
shide of the seéal before installing i
Live a small center punch to make fwo
or theee small prick-punch muarks o
the top of the seal groove

Cuution: [ your engine onginally
B rope-type renr main seal, check
the groove m the cap for a sharp pin
This pin must be removed or (Ldtened

prioa b0 nstalling a lip seal. Remove i
by driving the pin through from the
backside of the cap with a4 pin punch
or Matten it using a larger punch
Support the cap on its back side while
doing either. 1T you removed the
lowzing pin, seal the hole whth BT
wilicone seaber

A sharp edge s formed where the
soal groove meets the cap parting line
at ench end in both the block and cap
Many gaske! manufaciurers supply o
thin plastic “shoghom” that prevents
the backside of a seal half from being

Palntad pin in rear maln cap provents pe seal from splaning s groove. W pou will ba inetsding
il nnl, drive oul pin i ihe Dach ide of tve cap using @ 37320, o smaldier pusch.
Fill hale with sifoans saaler to pravost oll fram loaking et Bbole
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Rear maln saps used with deap-akiriad
bocks must be ssalsd ot esch side. Slids
slde smals inlo grosves sa desaribed by
Imithactioas in gashet st

shved off by this edge os the seal is
To wse it,
position the shoechom so its ongue
extends over the edge while you push
the seal livlo place

Unhlike bearing inserts, install the
seal sooone end s down in its groove
below the cap parting surface about
WE i, —ihe other end should project
above the parting surface the same
ammiount. [nstall the other seal halfl in a
similar fashion so the seal ends will
mate when the hearing cap is
installed,

A e sl 1 8 bli mone difficult o
install., Here, the seal must be
conmpressed ko s groove, To dao this

pushed inlo its groove

al-cap soaly mw

oid |n groeoves by atalling expander, & Asl sivp of metal
wnal

with & chasmfersd snd, Btart axpandar in grawn Bahing seal with sharp edgn sway froim
Push ospandes bo groove untll it is Nesh with blsch. Moo fulbciclo rmar-main lip seal.

form one section of mope into an half
circle and lay it edgeways in the cap
groove, Leave both ends projecting
above the cap parting surface. There
are special wols used (o install fope
soals, but g lorge diameter socket or
piece ol round stock and a plastic,
lead or beoss mallet will work as well,
Support the backside of the cap and
work around the inside of the seal
Roll the round section tapping as you
go to gradually work the seal into
place,

Check the seal by est-fitting the cap
io the crankshafi. The cap shouldi'i
go all the way on, ot close. Torgquing
ihe main cap bolts will do the rest,
When vou are satisfied the seal is

sufficiently compressed, trim the seal
ends flush with the cop parting surfuce
using & shurp knife. Install the other
section of rope in the block,

Install Crankshafi—0il the
hearings and rear main seal, Spread
il over the bearing and weal surfuces
with your fingers. CGive the bearing
journals the same treatment, then
carefully lower the crunkshaft strdght
dhown onto the: bearings.

If the cumshuft bs gear driven and
the gear ¥ pressed onto the
crankshall, align the timing musks on
the cam and crank gebr, Rotate the
cam W where you think its mark
should be, then it the crimkshafy gear
o bt as you lower the crank [nto

Drass hammer mid bngn dlaater sylindes he this socket are used to force rpe soal bnte groave, Sesl for cap was feat inelaliod in block to
ahapes 11, then rmmoved ami estalied in cop, Work sasl inte groove, then ifm snds flssh with cen of block with & sharp kiife of ramr blads.
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Prior 1o final crankshaeft nstallation. Hghtly
wips o main bearings and omah jowmals
with a clean paper towel, then coat tham
with ofl. Lisbricate reor maln seol, too,

posatics, 1T the-teo marks don't align,
lift the crankshaft out, make
adjustments & necessary [0 the cam
or érank position and recheck tming-

mark ahgnment.

Place the main caps in order, Venfy
that they are in the cormeet position
and relationship using the numbers
and amows stamped or cast o each,
Oil the beanings as you did thoss in
the block and mmstall them on their
bearing jourmals. The caps are
positively positioned in registers or on
dowel pins.

Don't force the caps into position by

With a goeod grip on both ends of crensshaft,
cansfally lower It siralght down into black
and ot bearinge.

tightening the mam cap bols, This
can damage the caps and registers or
dowels_ If registers are used, hobd one
edpe of the cap against (15 register
while you strike the far comer of the
cap at & 45° angle with a plastic or
bead mallet. The cap should snag into
place. If dowel pins or studs are nsed
rther than bolts, position the cap on
the dowels and tap the cap down into
place.

Install the mixin cap bolts, Lubncase
the threads and undersides of the
heads with extreme pressure lube and
drop the bolis into place. Except For
the thrust bearing cap, snug the bofts
then torque them to-specification.
Tighten the bolts in three evenly

mmhmﬂm“ﬁihﬂ_plﬂndﬁﬂunph
ragister. Don't force cap into place by tightening bearing cap bofts. You may damags bock of
cog. Doublechock that caps are In the correct poaltien end direction.

Using a Hght siroko, run fln across bearing
cap parting face. This will remove any
Irreguiaritios that may pravest eap from
seating hully.

divided increments and ina paiem
working out from the center cap in o
back-and-forth pattern. For instance,
il fireal forque of a two-bolt cap is 100
Ni-lbs; tighten all caps 1o 35 fi-lbs.,
then 70 fi-lbs, and finally 100 f-Ibs. If
four-bolt caps are used, torque the
ouler bolts in 4 similar manner.

The rear main cap should be sealed
1o the block o prevent mn oil leak, To
do this, apply a light film of RTY
sealer in both comers of the regisier
and in a line across to the ends of the
seal, but stopping just short of i
D't gel seaber on the seal ends. For a
hlock that hass desp sbirti—the block
extends below the main-bearing
center line—seal the sides of the cap

Be surs to tighten makn cap belts to Ehe
camact speoifications, both torgae amd. in
SOME Comes, Segquencs. I ur-bodt maln cops
am uped, outboand Bolts s weplly tongued
to a lesser amount. With cross-beolted caps,
apacers Betwaen block and caps M with pere
clearanca,
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Toeges cap with sl bearng afer sestmg bearing. Do s by Soecing Crmmbshal heck asd
farlh with serswdriven of pry bats between mais Soariag webs snd crank Dheows. Mold

crmriuhalft forward Tl Thghlen hofts.

after s installed. Do thas by nstalling
a straight seal in cach groove al the
sides of the cap with the sealing lips
tovward the block. Once in the
grooves, push a metal scal npundn
devany behind each seal.

Seal Thrust Bearing—To cnsure
the thrust bearing Manges of the 1op
ancd botiom ween align and seat, fonce
the crankshaft back and forth in the
block by prying with large
screwdnivers between main bearing
webs and o counterweight or throw
Allemate from side 1o side 1o force
the crank forwand then hackward, A
good rap on the flywhesl Nange with
a heavy soft mallet while forcing the
crank forward with a bar or large
screwdnver is best. Don't ket up. Hold
the crankshafl forwand in the block
and tighten the thrusi-bearing main-
cap bolts. Torgue them in three equal
steps. While you have the opportunity.
re-toegue all main cap bolts o spec

Unless yiu've installed a rope seal,
the crankshaft should spin reely
without binding. Il it doesn’r.
somethmg may be wrong, bat maybe
nol. If you installed a rope seal, o
should take about 15 fi-Ibs. 1o tum the
crank. A little more will be required o
break it loose. Drag will decrease
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considerably afier the MNirsi few
mtnules of initial nenkng. But motase
the crankshaft a few wms anyway o
be sure there's no binding and cormect

any problem before you proceed.
PISTON RINGS

Piston rings are manufactured 1o
close twlerances for specific bore
sizes, but check end gaps 1o make
sare they are right. Mot only can the
wrong rings find their way into the
right boxes, gaps may be maccoraie
And if vou want o custom-fil end

gap. you'll need 10 stan with 0.005-
in 0.0 3mm or 0001 0-in. 0.2 Smm
oversire rings and file the ends 10 get
the desired gap. So if bore size s
4.030 wn /102 Msmam, use & ring el for
a 4.035:-in./102.49mm or 4.040-
inS102.52mm bore.

Chedking End Gap
Typically, compression ring end
gaps for street engines are in the
(L.010—0.020-in./0.25—0.50mm
range, a pretty wide margin. Exactly
what the gap should be depends on
hore sire; the larger the bore, the
larger the gap and vice versa. As a
general rule there should be 0,003 1o
0.004 in. end gap for each inch of
bore diameter. For an engine that
“builds® a lot of heat in the
ocombastin chambers such as a siock
car or turbocharged engine, end gap
can be as hagh s (L0035 inin. of bore
dusmeter. 50 a nng stalled in a 4-in
bore should have a gap of o least 3,00
in, % 0,004 infin, = 0012 im. With this
in mind, use wider end gaps if the
engine is for heavy-duty or high-
performance applicabons. Because
COMPression rings o “!l.‘ lﬂm
proove run cooler, they can be gapped
O03-in 0 08mm bess. Allowable pap

Prue o cheching fag sel gap, esh compressio deg part wey diwn ¢phoder snd souas 8 in
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for osil-ring side rails is much wider at
00150085 m AL3E— | 40mm.
Check nng end-gap clearance with
the ring in s bore, Carefully fit the
fing inio the bore, then sjuare it up
with the 1op of an old piston or tin
can. There's no need 10 push the ring
down the bore more than & hall mch
unless the cylinders havea't been

! rebored. In such & chse, push the nng

down the bore about 4 inches 1o check
end gap. This is necessary because
bore laper causes ring end gap to
decrease 10 a mmum st the hoflom
of its travel. A gap that appeared o be
olsy st TDC may cause the ning ends
o butt ot BDC when sl maximum

operating temperature. Bore scaffing
or worse may result. If any gaps anc

100 large, return the ring se1 for
replacement. If oo emall and the nngs
are nol chrome, adjust end gaps by
filing the ning ends

Filing—Alwayvs apply the filing or
grinding motion from the outside
edge of the ring w the inside. This is
very important. If the file or grinder is
moved in the wrong direction the
chrome, moly or ceramuc filing will
chip or peel away. When filing with a
sirmighi fike, don't hold the fike in your
hands. You won't have the control
necessary 1o make a square end
Instead, clamp the file in a vise or
omo a bench with a Coclamp or Vise
Grips and move the rning against the
file. When grinding. ose a thin
grinding disc, one that Tits between

erman Choth e agageee] gevaand g e nder Brmak whang pdges pf e Ang end

the ring ends. Just make certain the
dhse motathon grinds the end from the
outside in. To make this job much
casier, special rotary files are
available from K-D and Sealed
Power

Giap the second rings first, then
come back 1o the top rings. When
filing or grinding, hold the ning so
voull have good control so the ning
end s cut square. Penodically pinch
the ends ogether and hold o wup o 2
light 1o check squareness. Chock your
progress by fining the nng i is bore
Ir's easier to fike. This will help ensure
that vou end up with a gap that nghe
on rather than wo large. Go oo lage
and vouTl have o buy a new rng sl

Deburring—{nce you've amived o
the desired end gap, finish by
deburming the end of the nng. Use a
necdle file, 3 whetstone or 400-grt
sandpaper. The msade odge of the nng
will have the biggest b, the outside
edge the keast—il any—and the sales
will be in between. If you can feel
there will he a burr there. The idea
here is 1o remove it nothing more
And file away from the top, bottom
back and front surfaces

Afier checking and adjosting end
EApS—I0p COmpeRaR fing, seconmd
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nng and of rngs—organiee cach nng
w wn vou'll e ahée i install o on the
piston thal goes i the nght bore
“n.‘[u.',:l this proCess until vou've
checked all end gaps. Be carcful m
to mix up the nngs. The first and
socond compresaon nng are different,
bt yourll have o Jook closely w iell
the difference

A pood way o organiee the rings s
tor v musdls in & peece of plywood in
the same order and number as the
cylinders m your engme. Number the
nals 1o commespond to the cylinders
and hang the nngs on the nails as you
fit them IT the engine s a VE, vouTl
have two rows of four rom lﬂp {[+]
bottomn, The boand for such an engine
shwald be ahous 20 inches long and 10
inches wide

Install Rings on
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It's possibde to install piston fings
without a special tool, but |
recommend thal you use a ring
expander. Not only will it help you
avosd breaking a ring and bloodying
your thumibs, an expander lessem the
chance of damaging a piston dunng
nstallation. One thing for sure: A nng
expander is cheaper than a set of
rings—break one and you buy a
compleie new we

To keep the praon weady while vou
wstall the rngs, lightly clamp the rod
n & vise hetween two emall Mocks of
wood. Position the piston so the
botiorn edges of the skins rea agasnst
the vise, preventing it from rocking
back and forth. Be careful not 1o
clamp on the pision. Your hands will
then be free to comcentrale on
mstalling the rings, not controlling the
rod and piston. If vou don’t have a
vise, sit in a chair and clamp the nd

and piston belween your kooes.
Inaalling the nngs in this manner is
aboot as casy as using a vise,
Following is the order of ring
imestallation.

Ol Rings—The lrst nng o po on &
piston is the ol ring. Usually
consistmng of three preces, the oll nng
s mrasche ap of the cxpander spacer and
two stoel chrome faced rails.

A ning cxpander ian't necded 1o
imstall the odl ring rails. Save voursell
some time by positioning the end gaps
ms you install the nngs. All you need
tor dov 1w fimd the front of the piston and
determine where the nng end gaps
should go m relation 1o @, The front
witll be indicated by a notch or dot ma
cast piston of an armow or the word
FRONT stamped in the top of a
forped prston

It seem that recommended end-gap
placement is different for every
munufacturer. But one thing they all
agree on is pone of the end gapa
should line up one above the other.
(herwise there would be a straight
leak path which would resull in
increased blowby and il
consumption. Example: One
manufacturer will place the 1op
compression ring ond gap over onge
end of the wnst pin and the second
ring end gap over the other end of the
pin. The oil ring rails would then be
placed W from each other on one
sade of the wrist pn and the evpander

Imstnll ol rings. Expangar/spacer goes on first, then top rall foliowed by bottom rall, Check
that sxpomder/spacer emds butt mther than overdap. Don't spieal on compression rings. And
rither than using yoar thamibs Lo expand them, Bse &0 sapandor, PLace fing ends ovar groove,
then rotate back of fng down cver plston over and Into groove.

spacer ends on the opposite side,
Other manufacturers suggest different
erd gap placement. Just use the end
gap placement suggested by the
enging or ring manufaciurer and all
will be DK.

Back w nsalling the ol ring. Firsi
o is the expander spacer. Note that
the ends may be painted different
cojors or have different colored plistic
blocks bonded 1o them. This is to
make it casier o detect overlapping
expander spacer ends, but be careful,
They shouldn't overlap, You really
have 1o work af preventing this from
happening with some expander spacer
dhesigms;

After you have the expander spacer
o, install the mails, The 1op one goes
on first in mewt cases, The exception
is oil rings that install in 3imm
groowes. The bottom rail goes on first.
Otherwise, insert one end of the mil in
the oil ring groove on 1op of the
expander spacer. Hold the free end of
it with one hand while runmng (he
thumb of the ather hand around the
rail and spiral it into the groove. Don't
Iet the free end of the ring scraich the
piston as you bring it down into its
groove. Position the end gap by
‘hiding the rail around in the groove,

Install the second rail below the
expander spacer in the same manner.
Position its gap and double check that
the expander-spacer ends aren't
overlapping.

Compression Rings—Compression
rings are l¢ss complex than are oil
rings; but more difficult to install.
They e so stiff it i difficolt © keep
from duomaging them and the piston.
And keep your eyes open when
installing these guys. Look for
identiliers that indicate the top of the
nng. Pip marks—round or circular
indentations—or a chamfer on one
corner indicates the top of the ring.
Read the manofscturer’s instructions.
Install a ring upside down and the
fwiat andfor Tace will be backwards,
ceusing high oil consumption,
excessive blowhy and accelerated ring
ETOOVE WEar.

Twist 1= the angle 4 ning has relative
ko the groove in which it sits. Twist is
used for sealing combustion chamber
pressures  and o1l control.
Compression rings that have no twist
have oo pip marks, I you get such a
set, install them either way. But
inspect e rings to be absolutely sure.
Also, follow the instructions
accompanying the nngs exactly.

To repeat, the difficult thing aboul
installing & compression ring is
spreading it so i'll fit over the piston
without breaking, twisting it or
gouging the piston with its ends. This
is why | recommend you use a ring
expander.

With or without an expander, mstull
the second compression ring first, no
exception. Make sure the pip mark i=
up. And don't spiral a compression
into s groowe a5 vou did the oil-ring
rails; To avold breaking i, expand the
ning no more than necessary and don't
allow it to twist, Lower the open end
of the ring over the second proove,
then rotate the ring over the piston
mnd release i into ils groove, Repes
the process when installing the top
ring and position the end gaps
according to the ring or engine
munufacturer’'s recommendations.
Inseall the rings on the other pistons,
positicon their gaps and vou'll be ready
ty install the rod and pistons in their
hones.

PISTON & ROD
INSTALLATION

To install the piston-and-rod
assemblies you'll need a ring
compressor, two glecves for the rod
bols, o squirt can full of oil, & wmato-
like can large enough for o piston m
it in and some mator oil. Fill the can
urdil it's about three inches deep with
motor oil, or deep enough that the
rngs and wrist pin wall be immersed
when the piston 15 set upside down in
the can., Cover the con when it's notin
use,

Preparation—Its casy o gel a
piston and rod backwirds or in the
wrong “hole,” o0 get the tools and
parts organized. All 1ools must be
within reach, the engine must be
positioned just right and everything
must be clean—including you, In
synchronized motion, you need 10
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imwert each piston and rod assembly

It als bore, sguare the ring
comnpressor o the deck surlsce amd
ke e mowd o 1o ats bearing gosrmal
while you tap e piston inte ity boge
Your Il soon Tened ot waonbd be nwe o
hawve anenbser w1 of hands

Hefore vom begm msbdling the mals
wd postons, swope oul the oy linde)

Bidres, [Mail use a rig

(RETE [}.L|lr|
towels. Cther than beingt soaked with
wil, the il
pertectly clean. Check the rods and

towely must come
phstans for digt, too

I vou are assembling your engine
a0 bench, position the Block so the
ek suflace s lowand the |'.|;.l-.' ol thee
bench, Block it up with 2xds b yvou
need B improve aceess (o the atom
erwd, I o's onan engine stund, rotale
the block so the crunkease is down
and the deck surfiwe level

1M;.;.|I!I.-'|.' the hslis sev 1h|'} wre in
[is wall
prevenl the mevitable search for the

order and within easy rewch

rosd asd paston that goes m a parmcular
bore, Have the bearings and tools
ready, too; fing compressar, rod ol
sleeves, can of ol snd sguirt ¢an
Once evervihing is ready, it's ime 1o
ship the pistons and rods into thei

bores
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Install Rod Bearings

You can Ot the rod bearings
umrrediane ]y Before vou install gach
rond andd peston o anstall (them all m
It makes no difference, Just
keep things clean and onganized

inee

As vou did with the crankshafy
double-check the size and parnt
mumbers of the rod bearings. Remove
I:|n' |n|| |..||'i .||h! '|'.|||\' LRINLS lllr l'u'.lllll;'
haore, Don't miss the cap parting
surface. A partecle of dirt here can
prevenl the bearing cap from seating
fully, resulting In improper beanng

¢rush, Give the connecting rod
bearings the same cleaning tresment
Yo gave the main bearings

Place the bearing inserts in the rod
and cap portions of the connecting
roeh, I there 18 an ol hobe o the rod
muke sure the hole in the insert
mtches, Position the cap wxd nuts or
holis ta their rodd to ready the
assemibly for installstion

Position Crankshaft
Install the damper or pulley bolt and
washer in the nose of the crank and
lewve i bos-cnd wreneh hanglng from
i, This will make it esswer to am the
cranmkshadt, You need to turn i o least
one full revolution to make sure
nothing binds aod (o position the
cramk Tor the next rd aod piston. 1 is
much easier o guide a rol onto the
bearing jourmal wnd install the bearing
cup with the crank throw ot BOC
Possateonn the crank wnd double-chisck
the cylimder number and pumber on
the rod and cap, Be carelul not o
knock the bearing insen loose Trom
thetr bores, SHp the rod holt sleeves
over the bolts o prodect the Bose and
bearng poiernal From the bolt thremds
They'll alse help guide the rod over

AMtar wiplng off beasing inaerts and besrdng bore in rod and cap with paper bowel, nsball
hading inssis. [ (Sere is &0 all bulg In top bearing insorl, chook that It sligne with lele n (S

rind

To pen-dl piston, Immerse it I can 5o ol s
oser rings and piston pin. Hock comnecting
rod back and forth 1o work oll between pin
and bere. DNl tho rod besring inserts asd
install rod bolt slooves.

the beanng jourmal

Liberally ol the piston rings. skins,
piston pin aml bearngs. Here's where
the can of oal comes in handy, Hold
the rod, letting the assembly hang
upside down, and dunk the piston in
the oil so the rings and pin are
immersed. Work oil into the pin bore
by rotating the rod back and Torth
Wipe oil up on the skirt and the
bearing insemis with your fingertips.
Squirt oil mn the cvlinder bore and
smear it arond, too

Compress Rings

Rirg compressars vary in design
and how they should be used, 1o
follow the directions that came with
thern. If you don't heve dinections read
on for how 1o use them.

Types—There are three types of
ring compressors, The maost common
and least expensive s the raichaeting
bund type, This band and rotating
rchet assembly 1z tghtened arund
the paston by tming the ratchet with

an Allen wrench. It is released with a
lever wt tse side of the band. The next
maost common type vses a thicker
bamw] with L-shaped lugs 8l each end
Separate ratcheting pliers engags the
lugs 1o tighten the band around the
piston and hold it i the clamped
position. A lever releases the pliers,

Bl compressors have o range of
piston diameters they can be used
with. They must also be placed on the
piston correctly. The clamping
device—integral ralchel or separate
pliers—must be closest 10 the block to
ensure the rings are fully compressed
as they enter the bore. Additionally,
the bodtoan of the compressos musst be
held square apainst the deck surface to
keep the rings from popping out from
between the compressor before they
enter the bore. Oil-ring rails are the
st daffacult i this respect,

The third ring comprassor has a
cone-shaped bore, The cone tapers to
a diameter that's the same as the
cylinder bore, As the piston 1+ pushed
througly the cone, the tuper gradually
compresses the nngs fo where they
can enber the bore,

Install Pistons & Rods
Lise the notch or urrow on the top of
the piston amd rod number andior od
sguin hole 1o onent the assemhly
correctly i its bore, The notch or
arrow must point (o the front of the
block: the rod number will be 1oward
the outside of the block on a V-1ype
engine. On an inline engine, consult
yOUr notes as (o conpecting rod
onentaiion. As for the squirt hake, i
shoubd point 10 the thrust side of the
hore, ar to the night side if the engine
rdates clockwise as viewed from (he
fromt and wice wversa for a
counterclockwise-rolating engine
When using a band-type ring
compressor, slip protective slecves
over the rod bolis and insert the
connecting rod and skin porion of the

With block positioned so bora is vertiond,
crankpln 81 BDC aad rlngs compressead,
inmart rod amd platon into bore. Check
orieniation of plston snd rod—sion anmow,
motch of whatever ta front and mod number to
the correct slde. With comprassor hard
against block deck. push or lghtly top piston
to bose with kammer hasidle. i you keel ary
resistamce, STOP! Pull pistos out and sber
ovar by recompressing rings.

piston o the bore, Don't ket the ol
bang against the bore. The il ring
should be about 1/2-inch up from the
dieck surfuce. Position the band over
the paston and compress the rings, Tap
the edge of the compressor sleeve
dhown s it bottoms hard agaimst the
block deck all the way around, Lsing
the butl end of a hammer handle, tap
the piston mio the boere while guiding
the rod bolts over the boanng journal.
1T the paston hangs wp s ifs cniering
the bore, STOP! Don't force the
piston. Chances are s nng has popped
odit Tronm under the comyressor and is
hanging up on the top edge of the
bore. If vou force the piston, vou'll
probably break a ring and possihly
bemd or break a ring land, Even of
you're in b, pull the piston o smd
starl over. All vou'll lose 15 a few
mimites rather than a nng or piston
When the top nng enters the bore,
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the compressr will relax. Set o asade
and limish mstalling the paston and
rod. Use one hand to tap the piston
divwn with the turmimer hardie while
you gusde the rod square onto the
hearing joumal with the other hand
You'lll know st when the rod = fully
scated

For a cone-style compressor, slip
the piston inle the cone far encugh
that the skt extend oul the holiom
You can then maen! the rod and skirts
in the bore and proceed as above

Remove the sleeves (rom the rod
bodts md fit the cap w the rod after
oiling the bearing. With one hand,
hodd doam on the paston and ase the
hummmer handle with the other hand o
tap on the cap 1o seat it. Install the
mats o bolts and sug them. Torguing
will coene later. Double-check that the
cup and rod numbers coincide. If
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wtal o cap aedl mits Row. Det donl tergue Thavn aetll el rod-ang gisten Essomidiss B
o peaioe aidewisty. I orankuba® roLsted withog! bendeng. imstall mea? rod sl gisbos, I thery
o Babing, bR e Sl O prohbe bt sy

wserd, check the squin hole o bearng
oflset, wo. Give the crankshaft a full
turn 1o check for binding, then
posation the crank so ihe next throw s
sl BDC for mstalling the next piston
If you detect any binding when
wrning the crankshafl, don’t go any

further withoust findng and comecting
the cavse. More than likely, you
installed the last rod or cap
hackwards. Don’t be fooked, though
As you mnstall more pistons and rods,
s natural that addimonal songue will
be required to turn the crankshafl

Dhomifaie ¢ bk toul as £ Aurshnes 56 v o They evsl mabch sred poin is The gl desction
. hoekd plalos Rotthed o Evows. Dren D mos) sciamte patom on bores are kol sLsotly
the same dlameter bo mesiading Bed miiching them gives consisleal pistos-lo-bone
e

Daon't be disturbed by this unless the
fuming resastance out of propofion o
the mumber of pisions you've indalled
or binding cocurs in one spot. Check
0 make sure and corvect the probdem

Rod Side Clearance— This is
checked aficy vou have all pissons and
rouds in place. This dimension vanies
depending on whether an ol sguin
hole 5 wed in the rods. This hole wall
be drilled i the ng end of the rod or
as & notch in the rod or cap paring
surface. Il & squin hole is used, rod
side clearance should bhe (L7001 3
in 0, 1 8-0. 3 3mm. If not weed side
clearance will be 0.010-0.020
in0.25-0.50mm. Prston lubncation
depends on oil throw-olff from the
crankshaft, necessitating additional
ot side clearance when a squint hole
1% Ml e

Fumishy rocd-and- paston installation by
torquing the rod mis/bolts. (nsert a
fecler gavpe thal equals skde clearance
on both sides of the rod while diving
this. It will keep the rodd and bearing
squire 1o the bearing journal and
prevent uncven beaning loading
dharuig lorguang

TIMING CHAIN &
SPROCKETS

. The key(s) in the nose of the
crankshafi must be in place before
you can install the tming set. Insall i
if it's pot there, The seme pocs for the
cam drive pin or key, It should be
there, but if now. install them

Two types of keys are used 1o drive
the crankshaft sprocket: a wrmght key
and & Woodnaff key. The strmght key
fits in a straight keyway. The
WoodnfT key is half-moon shaped as
I& its keyway., Remove any burms on
the kevway and key with a fine-tooth
file andd tap them in place with a soft
mallet or hammer and soft punch.

To install the timing sel, the cam
must be timed 1o the crankshaft. On

Chanch rod plide cliwmne. This shaoreldd b bess M ks a@ gapair] basios

soine engines this 1 casily done by
positioning the crankshalt so the
crank-sprocket key is up and the cam-
sprocket drive pin is down—they
point at each other. (ther engines
have 8 dulferent relabondhip between
the crankshaft key and camshaft pan,
s0 this procedure won't work. Bu
regardless of key position, the

number-1 prsion will be ai TDC. To
eliminate any doubls as to correct
crank and cam melatswship, do a iral
mstallation of the crank and cam
sproachets

Check the crank sprocket. The from
side will have a timing mark—a
tnangle, round of
indentation

SYuare
on one of the tecth
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Potste ciank angd cam s Uy s Both ot
theit TDC poafions priod to installing tering
wal b T cass by b clankoahal poinks et
cam ahd @rive pin 8 canaball pelats ot
[

Shike the sprocket onlo ihe craskshal
s and rolale

Ii the «

n il inle engagement

with the key rank sprog kel

chioean’t slide omto the key and crank
o mwee Hhaan lgh Lapypung with
a soft mallel should move i, Stop

abampd |

whoeft by ik ol :n-.‘..'ulllnj_' (i1
sprochuet all the way

Moot 1f vou're uang a double mller
chain, the crankshalt sprocket! may
have thive kevwavs, one L stamdand

cam timing and the others lor
ahvancing of r."..J.':h'lr' the cam 47, |
recormmensd that youo use the advanced
position for better bottom-end
|1|1|-||u.'l.|.

Rotate the crankdalt so the timing
mark ix ap, or poanting al the cam
nave——mumber- | puston should be si
TIN If o' meot sail] there, install the
damper bolt and washer so voo can
rotite the crank, Next, loosely install
the cam sprocket and Dind s tamang
mark. Here's where manulaciurers
differ. Some time the cam o the
crankshaft w1 T so the timing
marks on both sprackets posnt at each
have both marks

other: olthers
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WS ohpls Rengng frem cam speod ket aed
crankahaf some bord layiag 0 chsin w lrning
miarus hgs, M orank sreCke] 15 cinnkakaft
mpaa  [rigegs keywsy @ orane aprocke] with
hey b Crankuhafl, then cam spreckel with
Wi o0 hey B o You mey nesd e rolels
crankehaft one way o fhe eibes a wlight

poenting up. To dispel any doubd
mstall lifters on the inlake and exhos
lsbes for cvlinder-1 and rotate the
camn s both e down, of are on e
labe base circles—between
compression and power strokes. If
vou see any lifter movement with
shght cam movement, rotale the cam
P80 and check again, Now Joosely
wistall the cam sprocket and check the
posatiion of the iming mark. Although
this wont sccurately positaon the cam
it wall EI¥e YOu a !;('rw'ral whea ol
the imended nming-mark positions, |
the marks are not exactly straight
up o down, rotate the camshafi o
bring ihe i1
aliygrment

Mavw for the chan. Remove the cam
sprocket and drape the cham over it
Hold the cam sprocket so the chan 1=
under the crank sprocket. Lift ap the
cam sprocket o the chain engages the
crank sprocket and the timing marks
align. Slide the crank sprocket back
of the crankshafl nose and guide the
cam sprocket on o the cam nose. Be
prepared to rotate the crankshaf

timing marks

S e L el bl wRR B o] washed B
Foui angine waes A weparats fesl pemp
SCoebric . imadall B oBos. Nole apreckel Teming
rmarka

slightly 10 align the cam sprocket
Once both sprockets are mn place,
check the tamng marks, | they align,
complete  the sprocket
sl Ladwian

Some manufactarers use an oil
a shoct-metal dise designed
o throw off excess odl—on the nose
of the crankshaft. If used, this disc
will install in front of the crank
sprocket and engage the key, The
crank damper will install in fromt of
the slinger, clamping it in place. If
vimur engine uses an ol singer, don’t
forget it Otherwise the fronl scal will
be Mooded with oil and a leak will
result

Install and torgue the cam sprocket
boltis). If & separate fuel pump
eccentne i used. of installs behind &
single sprocket attaching bolt and
washer, The fuel pump cocentric will
engage the sprocket dowel or a tab
on the eccentric will engage the
dowel hole. While you have the
opportunity, ol the timng chain, Giive
the fuel pamp eccentric a good ooat
of ol koo,

LAam

WimgeT

DEGREEING A
CAMSHAFT

Degreeing in a cam s & process thal
mos! anlomotive enthusiasts are
pware of, but fow actually understand.
To elimumate any doubts let's Jook m
the objective of degreeing in a cam
before we look ot the datails of the
degreeing process, To do this you
must understand the specifications
that describe the features of a
camshafl. These are what yvou must
verify.

Most cam specilications are listed
on & cam card that s supplied with
high performance aftermarkel
camshafis, page 137, The intke and
exhaust valves open, close and reach
maximim Hifl in direet relationship 1o
the position of the crankshalt in
degress | degrees of the crankshaf,

~mot the camshafi, You need o venfy

that these events 0ccur mn Your engine
as specilied on the cam card. Chher
Tisted specifications typecally include
gross valve 1ift (zero lash with
mechanical Fiftersy, lobe LTt lifter Lift
between which opening and ¢losing
events occur as measurad i inches
and, from thos, duration of imake and
exhaust valve openings in degrees,
Another spec is lobe separation,
sgmetimes called spread, or the
distance i degress betwesn the miake
andd exhanst valve lobes a1t maximum
lift of each in camshaft degrees,
not crankshaft degrees. Next is valve
lash if the cam is used with salid
lifters,

Rocker Arm Ratio

Another term with which vou need
1o be Tamilior 15 rocker arm rano, It
determines the difference between
lifier movement At the cam bobe and
actual valve lift, which is the larger of
the two. Typical rocker arm ratio 15
I.5:1. Whai this means is the valve
opens 1-1/2 tmes the full movement

Intake 7
Lobe

Lobe Center Separation

Owerlap
(Crankshaft Degrees)

II'I_I_-_

Exhaust
Lobe

Overtap is the degress of crankshadt retation that both intake and exhaust valves are off their
sedats Bt the same thme. Lobe separation i the amownt of canmheft degmes between the

Iwvtake and axhaost lobas At mavimem B,

of the lifter, less lash if it's a soiud
lifter, So af [obe Lift is 0300 in..
maximum valve lift s 1,5 x 0,300 i,
= (1450 in. To illustrate funber, if &
rocker arm with-a 1,75:1 rapio wene
substituted. maximam valve Lift
bevomes 175 x QL300 i = 0525 n.
Sounds like vou're getting something
for nothing. Not quite. Valvetrain
Ioads go up, thus friction and 2] ihe
bad things that accompany It wear
amd lost power. Two other factors
mudl be considered: ncrensed valve
spring compression and reduced
valve-to-piston clearance. Diumaged
valves or valvelrain may result of
these are not allowed for,

The fimt thing vou must do i the
process of degresing in o ¢am is 10
find the exusct top dead center of
cylinder number 1, Once cylinder-1
TDC i establishied and indicatd with
a degree wheel and pointer, you can
Ern your atiention to the cam. You
then wse a cam follower on the mitake
arnd exbuvest lobes with a diad indicator

in conjunction with the degree whiel
o verily tnung and B speciBostions
listed om the cium cand

Checking & cam is altimately up 6o
the: engine bailder vou, And the
checking must be done with the
engime in which the cam 15 Lo he
installed. This is sumply because
engines are different, oo, and these
differcnces can affect valve timang, 5o
il there are ming emors catsed by
the relatsonship between  the
crankshaft and cumshaft, vou must be
the ane who finds and corrects the
problem in your engitse, Just in case
yourre wavening on whether or not i
degree in vour cant, think about the
wasted hours vou can avoid by
finding ow now that the cam must be
removed rather than later when vou
discover your engine i5 down on
power becawse of improperly ground
of mdexed lobes, Assuming you are
comvinced, lei's get on with how o
degree m a camshafl.
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RAooker pem ratio |8 the distanos the valve
end of the rockes am moves compaesd to
the pushrod snil. Typloally this s LB0UL In
this casa, |f the peshrod and mowed 0. 300 in,
iha valve lip ond moved 04080 In,, o 1.8
timoa 0000 i Highss ratho mckar srme e
wvailable lor sormo engimes. For instomce. If &
4.7 roehad prm was swbeiifvied far tise
181 rocher prm, valve IR woiild be O.610
In,

Degreeing Tools

As vou midght puess, the first thing
your meed for degreeing in a cam is o
degree wheel. Supplicd by many high
performance parls manulacturers,
degree whieels can be purchased from
your local hol rod shop or through
mail-order. In addition 1w the degree
wheel, you'll need o [-inch minimum
trvel dial ichcaton wd a magneti or
clamp-on base o support o, This s
for mensunng lobe lift and, possibly,
10 finad T

MNext on the wools st is a reworked
lifter—not needed if the cylinder head
{5 installed. You con make the
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checking lifter yoursell, Remaove the
pushrod socket and any uther lifter
imntemals Trom the Lifter body, In the
lifter hoddy, install o piece of seel or
nluminum round stock that's slightly
smaller than the lifter body bore,
Insert it inv the lifler body and retain it
wilh epoxy of i derivative such as J-B
Weld. It can project out of the lifver If
your like but the end mwst be flan and
siquzire fo the lifter centerline, To make
sure of this, face the piece on o lathe
belore vou nstall 1 in the lifter body

Cauthon; Do oot use o flat-tppet
Lifver wo cheek a roller cam and vioe-
versia, This is OK if you're only
checkimg bobe cemterine and 1if1, but
all other events and lifts will be
inaccurste  from  imitial  Difter
movement off the base circle 1o all
events just before and after maximum
lift. For a mller cam youll need two
lifters if o puide bar is used between
the two, You'll only have o modify
one, though, I a bolt-in gulde is used
aich ax those Tounid in OEM engines,
wor'll only need one roller lifter,

Positive Stop—I1 you setile on
using the positive-stop mothod of
finding TDC—decide alter reading
the following—you'll need 1o
fubricate an adjustable stop, Make o
strap from o 1-1/4-in, wide, 1/2-in.-
thick steel strup that's at least 6-in,
long. Dl a hole n each end so they
match the center distunces of 1wo
headd bole holes ard the strap spans the
cylinder bore. Al the center of the
strip drill and tap o hole for o 172-13
thremd, In the hobe insen a 17213 bali
with o jam nut on i Grnd  generous
spherical rdius on the end of the boli
so the piston will have a smooth
surface o contact. Il domed pastons
are used, spoce the strap up from the
deck surfice using un oversize nut or
stack of flat washers over the
mounting bolts between the strap and
deck surface.

To find TDC with a cylinder heid

installed, you'll need a stop that
sorews into the spark plug hole,
These, like degree wheels, can be
purchased, but you can make one
from an old spark plug. o bol and a
nut, Just knock out the center of the
plug, porcelain and all, Next, tap
threads in the center of the plug the
sipe that his o tp dreill closest 1o the
1D of the plug shell and instsll the
appropriste bolt, As above, grind o
spherical ridivs on the end of the bol,
i @ jam it on it thread the balt
bt the spark plug shell,

Pointer—A piece of heavy wire
sueh as that from o conl hangar will
do. An Ben. length should be moare
than enough. You can determine final
pointer lengih once vou have the
degree wheel i plice wwd one end of
the wire bolted o the front of the
block. Use the appropriate size bolt
with a fat washer i a hole for the
front cover or water pump. Loop one
end of the wing 10 fit around the balt
anid grind or file the other end 0 &
sharp poine after yvou determine the
best length Tor the poinier,

Finding TDC

Positive Stop Method—If they
aren’t in place, the crankshaft and
prston-and-rod nssembly must be
installed. The same goes for the
camshaft and timing set. The
camishalt should be Installed in the
wirtight g position, not sdvanced ar
retarded. Otherwise, you'll have to
gompensate for the amount of
advance or retord during the
degreeing process, Read on for how o
install these components. I your
engine is assembled, remove ull M
plugs so the crankshaft will be casher
143 b,

Install the degree wheel 1o the
crankshuft nose using the damper boll
and washer, Tum the crankshalt until
you think the piton is at TDC, You
can come pretly close by pulting #

Allein johnsan uses posltive slop on platan
nnd degres whos| with wirs pointer to fisd
TOL oo Wnin racing eagien, Mathod in quiche
il -in praterned by mest high-peremanas
wnfgine busdars to dlal in.

finger on the deck surface adjacent o
eylinder | so the tip hungy over the
hore. Run the piston up until it
contfors your finger. Keep tuming the
crank untl you leel the phaton stan
back down, then back ot wp shightly
This should place the piston very
close o TDC, Align the poimer (o
TDC o the degree wheel by bending
the poimer or rotating the degree
wheel, Run the piston kall’ way down
the bore and insull the positive stop.
Remember 1o allow clearance for a
diomed or pop-up pision and space up
the stop as necessury, If the cylinder
heead i installed, install the positive
stop in the number- | spark pluge hole,

Check that the stop boll s secured
with the jam nut. then slkowly tum the
eronkshaft clockwise unil the piston
comtacts (he bobl, Note and recond the
degroe wheel reading. It shoubd be so
many degrees before TDC, Now turm
the crank counterelockwise until the
pistan comes huck up and comtacts the
wop bolt,

1 you guessed correctly and got the

TDC mark nght vo—haghly unlikely
unless this ks nod the first dime you've
done li—the reading should be the
same mumber an both sides of TIC
Maore than hikely they might be
something like 22° before TTC and
267 after TDC. In this case averige
the two mumbers by adding them and
dividing by two, or 22% 267 = 48",
then 482 = 247 With the piston saill
up against the siop, bend the pomter
or ratate the degree wheel so the
pverged number s mdicated, or 247
in the example. Trwe TDC will now
be indicated. Double-check 1w muke
sure, Tum the crank back the other
way against the stop amd check the
reading, It should slso indicate the
same number, or 247 in the example.
If the numbers don't match, go back
throasgh the process until they do

Onee the belfore-and-aller-TOC
numbers balance, remove the stop,
Rotate the crankshaft and align the
TDC mark with the poimer. The
piston will be on TIXC. You can now
dhegree in e ciam

Headd  OFF,  IMal  Indicator
Method—Although not as simple,
you can use a dial indicator o find
TOC in o manner similar w0 that used
with the positive stop, Start by
mounting the dial indicator so the
plunger is square 1o the bore and s
tip rests against a Flar part of the
piston. In this cose you run the piston
all the way up to TDC rther than
sopping shwort,

Turn the crunk and warch the
micwverment of the indicator. When the
piston reaches true TENC as yvou rotabe
the crank clockwise, the rotation of
the indicator needle will reach o
maximum, then it will slow and
reverse direction as TIC iy past. Nobe
thee paint ot which this reversal occurs
und reposition the crank to pul the
indicator needle at this maximum
position, Now, zero the indicalor by
rotating its dial face, AL the degree

Gne meihod ueed ta fad TOC s with dial
Indiastor an piaten snd & wrench 1o lurn
wrankuhaf. Although not yal instalied. Boit

whaal to ciank Rose and Stlsch
to fromt lsee of blook, As plsten
pasnas TOC, indicator pointar resshes
miaakmein and ewings back @ othes direciion,
Triok is 18 heva polsbar sdloste O the inatant
A revarses dinsction,

wheel, bend the pomnter or mdate the
wheel so TDC is indicwed, Rotte the
crank almost 36U clockwise wnd stop
0.020 in. short of zero on the dial
imedbcitor, Nede and record the degree
wheel rending, It will be so many
degrees before TDO, Continue
turning the crankshaft clockwise so
the dial indicator again reads 0.020 iy
befowre zero and note the degree wheel
reqching. The degree wheel should
ek the same degrees, but it will be
alter TDC, I i doesn, average the
two numbers as above by adding
them and divide by wo, Reposition
fhet degree wheel so the pointer aligns
for this wverage number, Now when
you rotale the crankshall so the
indicator reads zero and the degree
wheel ix at T at the same time, the
piston should be at true TDC,
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Cronk sprockel’s ming Leyways ate e hming
aamahaft straight up as well ss lour
advanced and Toaid ietarded posltions in 2°

ta, Mask ct wnil retam s
W, Cosn tiningg for Dest m-nm
throgh & Ination al o
track touting

Degreeing in Cam

Finding L obe Center—Because
bkt vilve events e B L thhe pisost
crtical o engine performance, it the
evlinder | mteke lobe that 5 pormally
checked IF you don't tuke anyvthing
fon prosted —like in 't assume
v iy alse wanl b check the
exhaust lobwe For oy linder | F you're a
total famatic, vou'll check all the Tobwes
Par all the cvlimiders. That sseans vou
st rnc
evlinder, too, In this case you will
probuthly Find anermor i there s any
belowe vou gel too Lar

HI.":.:11'| by wnstalling the checking
litter on the intake lobe for cylinder |
Lubricate ot with o hight vil such as
W4l or 3<in-1. IF you have any
domabits aboul which lobe s which,
lowsk at a cylinder bead, IF the intike
valve is ab the end, put the Bfter in the
first fter bore, Ctherwise, pul it m
the seeond lifter bore, The crankshalt
atoulid sull bee o TOC, IF ' o, paat
i there, Alsi, the Difier should s on
the base cirche of e cam—it shaold
he low in s bare. This means
cylinder-1 is a1 the wp of v linng
stroke, 16 s not, tam the crankshalt

alse Tingd lor every

136

W0 clockwise and align the TDC
mark. From now on alwavs um e
crunk in the clockwise direction, nat
conintercleckwise, because of hack
lashy oy the thenving clukn or gears,

Set up the dial indwator so the
plunger i syuare against the lifter and
fhere's some plunger travel, but no
wmore han OL500 in. for o 1A00-in.-
ringe al indicator, I the intake
sranifold o anstalled, mstall a pushinsd
anl ser up vour dial indicator (o,
Rotate the crankshall clockwise until
the tappet oot maximum Lit—or e
indbcator necdle just begins o reverse
tirection. zero the dial indicator and
note the degree wheel reading. It
showiled be i the TOUF <1 2407 afier T
(ATDOC) range, or agree with that

Listed on the cam card for when

pbasimn B oceurs, following paige
Fand the cam-lobe centerline by
turmang the crmnbkshalt clockwise two
full revolutions until imdicator remds
the  manufacturer's checking
clearunce—A0,020-1n,, (,050-1n,,
whintever lobe ift Is specifisd——fm
the Tarst e, Mole and record the
degree wheel reading. Continue
furning the crunkshalt past the point
of maximum lobe Lift until the
manulacturer's checking clewrance 1x
agmin indicated. Note ad recond the
second degree wheel resling. The twao
reqadings shoulid have bracketed the
specified crunk ungle, For example, of
maximrn [t should bave ocourmed m
PIY ATDC the indicator readings
may have been 70" ATDC and 150
ATDC, or the same amount on both
sides of the crank angle where
s apnarn it occurs, To caloulne this
ligure, ndd the two numbers and
divide by pwo, or 707 + |50 = 2NF
and 220%2 = LI0% The cam
venterlioe 5 at 1107 crumbkshaft angle,
Finding Opening & Closing
Polnts—This method of checking
cam thodng s 4 litthe more involved
than finding the cam-lobe centerline,

but it can be use for both symmelrical
and asymimetrical coms, Syrmetrics)
cam lobes have the same profile on
the opening and closing ramps;
asymmerrical Jobes do not. Using the
lobe cemterline method 15 not
recommended  for  checking
asymmetrical cams because of the
different opening  and closing ramp
profiles

While watching the dinl indicagor,
rodate the crankshaft clockwise until
the indator needle is ai its lowest
resicling—he Lifter will be on the lobe
bt circle. Fero the indicator, Aguln,
rostile the crank clockwise until the
checking clearance i indicated, or
ILBSE] in. Also pote and record the
reading ar the degree wheel, It should
inlicate wo many degrees before TDC
(HTDC), or for discussion purpases
207 BT, Continue turning the
crank clockwise annl 0050 i, 18
mchicaled agmn, which will be so
many degrees ATDC, or say 457
ATDC, These two numbers should
il those on the com cand. 1T they
oy, cam kg W CYK. Add these fwo
mumhers s 1207t get durathon, o
2 4+ 45% & [RD = 245" duration.

Correcting Valve Timing—What
do you do ol the figures on the cam
cured wnd youurs are different” This is o
gounl news, bad news siudion. The
goind news is you found o problem
that exists. The bl news is the cam is
oul of time or the opemng, closing
and lobe centerline results don't maich
the card specs, The good news i you
cin proshubly fin cim tning—this i
where ll events ane oul of spec by the
s amount and o the same
tHrection, There are several methods
of correcting cam timing. As for
corresting events that don't match,
vout cian't. But you can go back 1o the
manufaciurer and ger the cam
replaced. Jusl make sure your
numbers are correct before you rakse
sk,

HOW TO READ A TIMING CARD
Every aftenmuket camshaft inchudes & spec sheet ealled o timing card, Whibe each company prints their cands differently, mosa
| of them detail the sume informution. The timing card lists specific opening and chosing points for both lobes as well as other
inforration thit is ussially nos listed in e catalog. The timing cand information is wseful for both relerence and 10 use when
Mwﬁuﬂuﬂ We we using o Comp Cime trning cand for this example. The numbers below comespond with those
an the chart .

1. Curnshalt part mumber sl application
lﬁiﬂﬂﬂlhﬂﬁnﬂmmmnpllmmbr.ﬁhuﬂﬂl}'meumﬁﬂ'mmhﬂﬂﬁﬂumuhﬂ

3, Valve Adjustment will specify  lish cleanince if the camshafl is 2 mechanical cim. In this case, the cam s 4 hydraufic which
redquires lifier prefoad,

4. Gross Valve Lift is determined by multiplying the lobe 1t times the sock rocker mio of 1.5:1 In this case. Cosmp Cams bas
mmmﬂmmMﬂm:IJHWj
~&.Dum.nﬂMTmuﬁ.hﬂr.&nﬁnmdhhmﬂm inch of tapper lift on the openmg ood Closimg sde.
Wmnmum

6. Vadve Timing i given on this.sheet gt 0006 inch tappet il for the imake and exhaust opening and closing points. Other carm
companies such as Crane list the opening und closing points at (U050 inch, Mote also that these opening amd closing pois are for
the cam installed witha 106 intake centerfine. Moving the certerkine will move the opening and closing pemnts a5 well,

7. Duration ut 0.050)is the duration of each cam lobe at the (050-inch tappet lift checking height.

| & ook LMk is the setual 3 ps mesured ot the lobse.

9. Lobe Sepuration is the angbe in cam deprees between the intake and cxhause obe, This bs one wary of neferencing valve overlup,
i, T this case, Comp Cams also makes a recommendation for maiching Comp Cams valve springs thal complement this

i 1—PART # 12-210-2
+ ENGINE: CHEV. SML BLK 265-4K)

I—GRIND KUMBER: C5 268H-10 HIGH ENERGY

INTAKE EXHAUST
J-VALVE A HYD» HYTa,
4 GROSSVALVE LIFT: {460 (kb
| F—DURATION @
| oo Tappet Lift: 268~ 287
B— VALVE TIMING:
it (LU Tapper Lifi OFEN CLIONE
Itk 8" BTDC GO ABDC
i Ex{hast: 6" AR 20° ATDC
These specilications are for & cam mstalbed st 1067 inlake center line
1,
[ INTAKE EXHAUST
| T—DURATION @ 0050 11%° 218"
| B—LOBELIFT: 03026 (026
S—LOBE SEFARATION: (1P

10—Recommended valve spring no. 981 (valve spring specs, furnished with springs.)
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If cam bmang = way o, check w
make sure the cam sprocket/gear
tomang marks algn. s possible that
they mae a looddy off. I mot v T have
1o rodabe the cam of crank sprocket on
the cam of crankshaft, respectively. To
o this, | fand it casiest 1o use an oflsct
crank sprocket/gear key, These kevs,
which are avalable theowgh mul
et Borses oo Troum yourr local ot
resd shop, come i enough degrees of
offset that vou'll be able w adpast the
Temamg o vt camadall s gt's 11;;h.!
on Anather possibility s 1o use a
crank multiple
ey ways

sprocket  with
Thas vous may already have
Some crankshaft sprovikets have up to
e keyways that allow a camshaft o
retarded in 2

More

three-kheyway

be advanced or

o a todad of X
the

i TEmels i
COMIMon 1
sprockel It
advanced o retanded 4°. Finally s

allows & cam lo be
offsct cam bushings, They come in
varving degrees of advince or retand
This reguires that vou dnll oul the
dowel  pin the
Sprin ket/gear so ot will sl 1he
bushing Install the bushmg, kevway

or whitever so the cam o manved 0

hale ol L Aam

the dircction of engine rotalion

relative o the crankohalt and timing

IJ\.II'II'."'- misve ol an 1|||' revenrse

direction of engine rolation and

frmng retands

:llll‘::ﬂ:i -

Clay Method—If you arc installing
a high hiy camsuhaft or aversize
valves, vou must check valve-to
An interference
condition belween the valves and

piston clearance

postons can cause sovere damage o
the valves, pushrods, pistons and
hores. Immediely afler degrecing in
a cam iv an excellent me 1o make
thas check sance most of the nocewsany
tools, parts and cquipment are in
place
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The traditional way of checking
valve-to piston clearance is by
temporandy installing a cyvlmder head
with valves, lifters and pushoods for
cylinder |, Before vou install the
head, apply an [/R-in. slab of
modeling clay to the twop of the
cylmeder-1 paston. Apply Mowr, some
corking spray (such as PAM®) or
umpl!_. anear mokor ol over the ;L'r!.
1o help keep ot from shicking 1o the
valves. Set the crankshaft on TDC of
the power stroke and install the head
with a rew gaskel Tongue the bolts 10
spec. Lubnoate the Lifer bases with
maly, wstall them, thewr pushmods and
rocker arms, then set valve lash 1o
fero. Note: Use solid lifters for
making this check cven though they
may be on a lvdraalc cam

Rotate the crank al least fowur
revolutions, but sop if you feel any
ressstance. Dond force it You may be
able 10 so¢ of prston-lo-valve contact s
the prolsem by looking imo the spark
plug hode or intake on exhsust poat I
L TR ] the piston contacied a
valve, remaove the head amd check 1o
make sure, (Mherwise keep turming
the crankshafl so o's back o TDC fur
the fourth ume The lifiers should be
on the base circles of the cam. You
can mava remmeve the head

There should he an impression from
cach of the valves i the clav, The
guestion 1 how Close did the pston
coune o them. To determine thas,
section the clay af the conter of cach
valve impression with a sharp hlsde
such as a X-Acto kmife or racor hade
The thackness of the clay will tell you
the pistin-lo-valve cleamance lor each

Check paston-to-valve clearance by
measuring the thickness of the clay
This i best done with the depth gauge
end of vermer calipers, Ao check
that the valve reliefs, or nolches, are
lange enough m dumeter, particulary
if you've installed larger valves
Clearance for the intake and cvhaws

ABeA kol vein udes v sl ialalel with Bgs
pringn ey and pusheoads be oheok vl
e pinton (lparmnge. Dlal indkoator wilh
wn patallel to valve slem b osed te reed
wivs il thos catve cmarsncs . &
wEch 17 iscrement of craskelsl rotstion
botwesn 20 bebes and sfter TDC. valve i
pushed spen walil it tosches plulon.
Clarance i read drectly tor Sel alicelo.

valves should be (0080 . and 0100
n.. respectively. The reason for the
sdditional clearance 1o the exhaust
valves is they are bemg cloed by the
valve springs as the piston is
spproaching TIX, The ivtake valves
are jusd opening. Conseguentty, if the
valves floam, the chance of an exhaust
valve “kissmng” the puston bocomes
much higher than for an intake.
Where both valves are at nisk is if
hydraulic lilbers are weed. If pusmip-up
ovcurs, both can be held off their
weats, thus valve-to-piston clearance
will b recduced

If vou find clearances 1o be
insulficient, leave the clay on the

checking peston and deliver all of
them to o machine shop that
specializes in performance engines,
This way the machinist can see the
problem and enlarge or deéepen the
valve reliefs nccordingly,

Dial Indicator Method—This s a
vulve clearnce checking method that
some engine builders prefer over the
“elay mashing” method. One thing for
sure is s more precise, One thing
you can't check for is clearance o the
edge of a valve relief. The pistons
must be cut for the size valves being
el

Preparing for this method of piston-
t-valve clearance i still the same as
the clay method in that you
temporarily install 2 bead, the degres
wheel must be in place and vou mm
the crunk. The difference 15 you must
install light springs that can bhe
compressed with vour fingers in place
of the standard valve springs. These
are available at most hardware siores,
Additionally, set up a dial indicator
with the plunger sguare against o of
the spring netainers,

Install the head, lifters and prshrods
as above. Again, the crankshafl
shwould be on T of the firing stroke
when doing this. Adjust valve lash 1o
zero, Install a dial indicator so the
plunger tip is sgainst a T section of
the spring retsiner and the plunger is
parllel 1o the valve stem, The plunger
sheald be compressed shghtly more
than valve lift. Zero the mdicator dial

What we're going 10 do now is
check exact valve-io-piston clearance
by pushing in on the valve umil il
contacts the piston at the wp of s
intake stroke, Clearance is read
directly from the dial indicator while
the valve is m contact with the piston,
This is done in crank position
increments of 2° between 207 before
and after TDC, Rodate the crankshaf
clockwise, but stop 20° before THC
of the intake stroke. You'll need (o

record  crank  position  and
commesponding dial ndwcator reading
for each valve, Make up a list of the
21 crunk positions in 4 column—2{°,
187, 16", FORTDE 0P 28, s
167, 187, 2 ATIX —and list beswle
of cach under the relative INTAKE
and EXHAUST indicator readings. 1
the minimum neading exceeds (.08
i for e intake valve and 0L1O0 in.
for the exhaust valve, clearance is
sufficient. On the other hand if an
actual valve-1o-piston clearance 1%
under the minimum, machine work
musl be done 1o deepen the piston
valve relicfs.

TIMING-CHAIN COVER &
CRANK DAMPER

I vou haven't replaced the scal in
the fromt cover do il now, The gasket
and seal surfaces should be clean and
free of old gsket mustenal, Check ala
that the areas around the bolt holes of
a shect-metal cover are not distoried.
Flatten twese areas with s lunmer aed
flat punch.

Remove & Install Seal
Remove the front seal with & punch
and hammer, In order not o bepd or
break the cover, support it hack side
by laving it over the open jaws of a
vise, a short section of pipe or
Begween two wood Blocks. Check that
there's enough room for the <eal 10
pop out, Work around the seal and
gradually drve it out with the punch.
You'll find a new seal in the gasket
sl This fulb-circle lip seal must be
driven in so as ot o damage the seal
or its outer steed shell. First, coar the
seal OD wath prease. This will seal its
O and ease instellation. Again,
support cover directly in fromt of or
behind seal bore depending on
whether seal is driven in feom the
hack or front. Position the seal aver
bore so the large lip—ihere may be a

Fusl-pump oscceniric proventas fraat
cramkshaft seal from being flooded with o, it
Eoos on before fromt cover end damper. Don®t
forgat It 0f tront saal will sk

stesaller ome—will posnt owarnd the
crankcase when installed

1f dbone carefully yo can tap lghtly
with a hammer around the ouside
cdee of the scal and work it it
Mace. Better vet, find o pipe. tube o
Lirge socket that s an 00 shghily
srtalier than the scal CH3 and drve o
into place, Don'e ler the seal cock as

Carmfully remove Bp seal frem froal cover.
Aluminum covers are easily broken and
shoat-metal covers are easily boant. Use o
hossh type Geal FRmGYRe OF panch R hammar
ondl work seal put o Bitle at & time.
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Apply greass or MTV 1o sesl OD snd position
wanl over bars in froml cover. Sead lip ahowld
point teward engine slde of cover, Whils
oaved i liemly supported on back aide, drve
waal in from oiher side. A large-diamete
wackat snd hemas hamnwr |8 sead hers,

your drive it in. It muost go in square to
the correct depth to ensure the seal
wor'l leak at its outer periphery.

Dowel Pins—Some front covers are
posttioned on the fromtl [uee ol the
Bock by dowel pins. This centers the
seal on the crank nose, Others must be
centered with a special tool that fits on
the crunk nose and nto the front cover
soal. 1T yours usex dowel ping, insall
the fromt cover nons. Oitherwise, have
the damper rendy 1o install with the
fromt cover. The dumper will act as the
"special” mwol. It this s the case with
your engine, prep the damper for
installation as described below and
continue with the fromt cover
installution

Gasket Sealer—Find the front
cover gasket(s) in the goasker st and
check their fit 1o the cover. The only
place sealer is necded iy around waler
pussages to seal both sides of the
gisketisk 1N your [ront cover doesn't
have these pussages, sealer s not
peeded. It will, however, come in
hundy, A few dabs of RTY silicone
will hold the gosket(s) in place until
youl can get [n ol least four bolis,
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Good newsl |f dnmpar soal surson s badly
grooved or otherwisn domaged, you don't
hivs to Bary anothes dampes. Thia thin metsl
wlegve fram FolFro Installs over damagad
wnal sairfsoa.

Leave these bolts loose i the seal

must be centered. Fit the damper |

tov the crankshall s described below
and tighten the front cover bolis
o s,

Prepare Damper—Two ureus of
the damper require your altention: the
rubdber hond between the damper hub
il outer ping and the condition of the
seal surface. Check the rubber bond
for deep crucks and looseness.
Surface cracks aren’t a terminal
problem, However, if the ring is loose
on the hub, replace the damper. To
check Tor booseness, slide the damper
on the crank. Try rotating the outer
rng arcund the hub, then try twisting
thee ring back and forth an the hub, 1
you don't detect any movement the
damper should be 0K,

The seal surface should be smooth
and free of deep grooving, I all
nppears OK, restore the seal surface
by smoothing it with 400-grit emery
cloth or crocus cloth, This gives the
surfoce o fine tooth that will retain ofl
and lubricate the seal withoul
damaging it If the seal surface is
deeply grooved, not 1o worry. The
damper con be salvaged by installing
i thin-wall sleeve over the damper
noxe. Buy this sleeve ol yvour local

ko parts house.

Tov install the damper repair sleeve,
first comt the damper nose with  lght
film of RTV sealer. Position the
damper front-side down so its hub is
firmly supported. St the slegve
sguarely over the damper nose and,
with o wood block agiing e sleeve,
tp the sleeve straight on, Check o
make sure i starts stoaight, After the
sleeve in Mush with the end of the
dumper, wipe away excess sodler,

Install Damper

Apply a light cout of anti-seize
compound to the nose of the
crankshaft and a coat of oil 1o the
demper seal surfoce, The antl-selze

will make damper removal much

casher if the need ever arises. The ol
provides seal lubrication on initial
start-ug.

Fit the damper to the crank w0 it
engages the key, If the damper doesn’l
alicke on by hand, use o sofl mallet o
tap the damper onto the crank by
striking the hub only, Do not hit the
outer Fing. I it takes more tain Hight
force to instll the damper, use o
damper installation tool or a thresded
rox] with a large washer and nut o pull
it into place. Excess force can damage

To naes inwtaliation e seme s smmol,
iy o Ihis cumd of anlisakie compaunsd e
dnmpar 1D snd oll-veal sirfece,

the rubber bond between the outer
ring and damper hub, The damper
should go on far enough so the
dimper bolt will st with at beast (wo
thretds engaging those in the crank,

Draw the damper on the rest of the
way with the bolt and torgue it 10
spec. To keep the cronkshalt from
ming while you forgque the damper
bolt, insert o large screwdriver, pry
bar or hammer handle between o
crankshalt counterweight and pan rail,

I's time Tor some final thoughis
beforg the oil pump and pan go on:
"Should 1 re-torque the moans? Did |
final-torque the rods? How about
rechecking the rod numbers and
torque.” Checking for such things
now will keep you from sitting
struight up in bed in the mddle of the
might with the same gquestions tho
night before your initkal startup. Take
the opporiunity now o check things
in the bomom end you might have
fuestions about

IF i’ not abrendy there, position the
engine on its back. Youll need the ol
pump, its driveshaft, the pump
pickup, the pan and whatever is
needed 1o seal the pan o the block,
Sealing items include gaskets, seals
and sealer, You'll find all but maybe
seader in the pasket sel

(Hl Pump Driveshaft=—All sons of
end configurations have been used on
oil pump driveshafis. The most
common are the hex drive and tang
drive, And the most common way ol
driving the pump is with the
distributor gear through the distributor
shalt. Here, the botiom of the
distribunor is fitted with the drive gear
which Is drlven by a gear on the cum.
But & lew shafts are fined with their
CYWT) gar.

Regardless of your enging's setup,
inapect both ends of the driveshall.
This is especially critical with a hex
driveshafl. The comers of the drive
end should be sharp, 1T there is any
hint the corners are beginning o
round off, replace the shaft.

fnwtadl with wasbar arad torgus dampas bof
To weop cinnkshafl from furning use a lange
agreawdiiver batwesn blook smd oramk
obuniaresight, if ofl pen s in plece, e v
Balts In danper or Aywhasl Aange s bridge
A with a sorewdriver of pey bar

A special note about Ford and
Chevy engines; Ford uses a small
hes-type shall fined with & Tinnemman
retainer. Replace this hafi. As for the
retainer, do o sl oil pump-and shall
fitting. Check that this clip is
positioned high enough on the shaft
that it cannot pull out of the ol pump




HIGH-PERFORMANCE
OIL PUMP SHAFTS

High performance oil pump
shafis are availuble, but these lnge-
dimmeter versions of the original
shafls may actually be weaker than
the ones they replace. High
performance shafts are larger in
dismeter, but the ends are the same.
Consequently, they won't flex us
much when loaded, This s son of
like o car's suspension hilting the
bhump stops when going over a
chuck hole, The resalt 15 additional
shock lond s transferred through
ihe ol pump drive system and the
engaging swifuces of the shalt al the
clastritwior and pamgp. Additionally,
the stresees in the shaltl are
localized and higher becouse of the
rapad section change berween ihe

smaller ends und the larger
| diarmeter—aimilur 10 the transithon
between the threwled section of o
bl anad s straight shank, This
increases the hkelihood of the shaft
breaking m the section change
rather than uhsorbing loads ny the
ahalt Mexes along s fall lengih. So
think twice about installing & “high
performance” oil pump shaf

when the distoibutor s removed, As
o the Chevy shadl, replace the nylon
sleeve that holds the shaflt imlo
alignment with i ol pump. 1F either
the Tinnerman reluiner or Mylon
sleeve [ail one way or another, the
results can be disaster for yvour engine
Rejpurcless of yourr brand lovalty, I'm
sure youi'll ngree thal your engine

won't last loag sithout ol

install Oil Pump

I the pickug is ot wtlached o ihe
ol pump, sl e nas, 1 sy be il
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Windagn tray Inslalls untder crankshaltl to Beop oll from Being churned up by spbasing
L s Imgg

o,

hal madn beasing cap bolts s requined fos

inrntalindlen. Soime H'Iﬂ'l!: megiiive gpacial main bassing cags.,

you ol nonew puamg. I muost be
irnslereed] froam vour odid i ko the
new one. The peckup will bodt o th
PUETHR OF press o the pamp Bonly

I bolted on, find the packup-to
pumip gasket and use grease wo seal i
D't use senler, eapecially RTY
silbcome 11 can syuese ol Troarm il
side, eventually break off aod jam
the pears. Secure the pickup using the
attiasching bodts torgued to spec, For g
pressed in pickup, positnon the pump
on vise faws and drive the pickup inio
The
borsoam o the pickup should be level
wilh the bottom of the ol pan when

place using o sedtion of pipe

imstlled, Check by loosely installing
thve pumsp on the engine. Position the
prckup t the pamp so i's level annd
soribe lines on the pickup tube and
pruarmp bosdy thian align when the pickup
will level with the botiom of the ml
pan. Before you drive in the piekup,
apply somse Loctite 1o the end of the
tbwe, With the pepe butted aginst the
b e the end of the pickup ke
anad the scribe muorks aligeed. drive in
e packoup until o hodgoms

Mo for installing the pumgp: Youll
need the pump-to-block gasket, the
purmp, driveshisft and, possibly, pump
to-driveshialt sleeve, Using grease

agadn to seal the gasket, it the gaskey
1 the Bottsm of the pump and the
driveshalt to the pump. Insert the
driveshalt into the distributor-shaft
hore and secure the pump 10 the
block. Install the hobd-down bolts and
forgue theem o spec, 11 the shift his
an integrnl gear, install tee pump as
buit without the
shult. [nstall the shalt later

Windage Trav—Il vour engine
wsex o winddage tray, install it pow, 1 it
doesinl, 1 would be an inexpensive
additbon  that  would Improve
performance, panticularly of higher
rpm. Check with a dealer to see if
winduge truys were available for high-
perfomunce versions of your engine.
You'll need the tray and maln-cap
Bolis that wee dritled and tpped for
the wiaching boles

Install Oil Pan

I's time o seal the bowom end of
vour engine. Find the oil-pan gaskets
andfor seals, While vou're of it, find
the new dran-plag scal and install it
CUheck the arens pround the nll-pun
bolt holes, If they are dimpled from
the bolts being overtightenad, oil
beatkes will wesule I the pan i installed
us ts, Flatten these areas by lightly

described above

Meoprana ofl pan and seale 0 this engine mimt be workid i groowes [n fnent cover and niar
main, RTV saaler v used at joints Detween front and resr odpon end seaks and olbpanmil
gackots. H yours i a one-plece dilpan gaeket, this is ane oporatlen you don't have to be
conearmed with, Just Mt gasket to bothom of englne.

tapping the flange down around the
holt biles. Back wp the flange with a
punch or short section of roend stock
clamped vertically in a vise.

Fit the neaprene seals o the bottom
of the froal cover—somelimes &
section of gasket is used here—and 10
a proove in the rear main-beanng cap.
Apoly & thin coat of BTV silicon: 1o
the botiom of the pan rail, g around
gach bolt hole and put a dab of sealer
where the pan gasket and end seals o
gaskets poin. Lay the gaskets on the
pain rails amd Gt their eods o the end
seals or gaskets as detailed in the
mstructions in the gasket set. Apply
RTY seaber to the from-tover gaskets
Pun & little exora s2aler wheane the seals
anit gaskets join.

Set the oil pan in position, being
carclul not to disturh the seals and
gaskets, Install all oil-pan bols then
snug them gradually, Note that larger
bolts may be used @t the four comers
af the pan 1o give the sddinonal force
needed to pall the pan down over the
seals af the front and rear madns. The
oil pan bolts will seem to have
Ioosened when you go back o snug
them, Because cork guskets relax and
tension in the pan bolis lessen, snug

the bolts several times, then torgoe
them to spec. You'll have to do this
several times, oo, until the gaskets
are fully compressed as indicated by
the orque wrench,

CYLINDER HEADS

Maow thst the betiom end s butioned
upr, WEn your atlention fo e op eni
of your engine, You'll need the
cylinder heads, gaskets, head bolts
and hardened head-bolt washers, if
wsed. Don't forget sealer for the head
bolts if they threwd into the water
jacket, For an aluminum block, you'll
need anti-seize compound for the
head bolts. A final item 15 high-
temperature aluminum paint or
special sealer for the head paskets,
Get it unless the directions in the
ket set say nol o use it

Head Gaskets
Double-check the gasker surfoces
by wiping clean the block and
eylinder head gasket surfaces with
lacouer thinner soaked paper wowels,
Check for obd gasket material, nicks
or other imperfections you may have
missed and comect any problems.

Toke a lost look at bottom ond belose wou
Imgtal edl pan. M all & DK, carafully aet oll
pon o gaskats, bBeing careful not 1o meve
them out of place. Install and snug balis,
This pon uses larger bolls at four corners,
Don't overtightan bolts and dimple pan

Range.

There should be tao solid or hollow
dowels for each head. Don't instl] the
heads without them. These are necded
to accurately posinon the oyhinder
heads on the deck surfeces. If vou
cun't findl them, purclise nesw ancs it
a dealer, vour engine machinist or a
junkyard. Being caretul not 1o
mushroom or burm them over, tap cach
dorwel i with unnl it bofoms

Install (raskets—Check the head
gaskets for dimage. Just because they
are new doesn't maan they can't he
bent or have micks, culs or other
flaws. Exchange them for another ser
if yvou find 2 problem. A high-gualiy
pasket sel is vour best insurunce
against this happening.

Triak-fil the hewd gaskets 1o the
block decks. Look for marks such as
FRONT or TOP on the head gaskers
and install them accordingly. If
incorrectly installed, crtieal water
passages will be blocked, resuliing in
severe cylinder-head overleating.
Abowe all, dont ket the fooks of head
paskets such as cobor or sealer bead
pattern from one side to the other
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P hend gasket 10 Sowen 00 dech verisce
wractly ss descied by insirstions n gaskel
bt 1 FRONT b6 prvvtind of Giibaatii]. bitall
ihat end 1o frenl of eagine even thoagh
privting may lece dewn. Do oiberwies sed
b ey et sl ey resefl

affect how you install them. It's the
ahgnment of coolant passages that's
critical, mot wiu side s up or down

Unless the gaskel mstiructions say
otherwise, apply aluminum paint or
scaler such as High Tack or Copper
Coat to both sides of the gaskets
Afber the paint or seaber dmes, Lay the
hes! gaskets on the deck surfaces amnd
i them o the dowels

Head Bohts—If vou haven alneady
done so, clean the head bolts. The
threads must be absolutely clean, so
give them the wire brush treatment
And check for length, 100. There are
almost always two different lengths of
cylinder head bolts and frequently
three. 5o clean them, lay them ot and
cound them. You should have all head
besdis clean and ready o go befone you
inestall the Cylindder heads

Install Heads

Make sure your engine is well
supported belore you st a cylinder
head on i The pin or clamping bol
shouild be secured in the neck of the
engme stand. If w's not on an engine
stand, the engme should be supponed
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Chaah lastrections ia gasket set. M
instroctions don 1 ey Aol bo. Coml Both sides
of hesd gashelis) with an sven sosl of
ERFTEPRPT [REET

with blocks under the engine mounis
or pan rails. This is particularly
important with a Verype engine. Nog
only does the cylinder head move the
center of gravily up on an engine, the
first head on shifis it way ofl conter
and ount of balance. This can carse an
engine o roll over if it's not well
supporiod

Have at keast two head bolts within
casy reach. Make a trial run on lifting
and setting the cvlinder head on the
engme. Here's where alumimum heads
are an advamiage. A finger in an

Chepn hpad-bol thresds wilh & wire bresh
Thrpads i boigs ool o bofls muist both b
wlasn e aohisve cerrecl feasios from

Torgeing. Il mere than one lenglh ball s
i, mBks S pos grl thee in the right
L

intake pont a1 one end and one N
exhaust port af the other works bew
four liftimg most cylinder heads, Keep
in mind that you must hold the
cylinder head over the deck surface
and move it around so it frmly
engages the dowels before you can
redease ol and let go. By this time the
arterics in your arms stan o feel as
though theyTl pop. As soon you have
the head firmly on the dowels, run
two hesd bolis pen way o keep 0
m place. If your engine is a V6 or V&,

Poadtien cylrdes head on deck and make Gwte @4 safaged with dowsh below (0w w1 o,
Pingens o exhoust port B one end and s leke pori ol oliss ead wivks weil. Thresd s sl

et Py Dt b0 i e o 1 tall o8

S T g

Belore installing. apply BTV seales io boils thet Thresd inin weler pessages. 11 Bock b
slurmingrn. apphy Enthsste comgoand bo BT henss 0 Posds e shomievar irssll b
washary antes bidl haste Torgue bofts o the wpecifed Leguerse smi vakie @ of lbanl Bese

Wlnge oF Irea iy oM

sei the other head on the block and
sccure it in the same manner before
you mstadl any more head bobls

If the head bolts thread into an
aluminum block, lightly coat their
threads with anti-scire comgpound, ol
or apply eutreme pressure lubncant 1o
the pndersides of the bolt heads and
drop them into their holes. For cas-
iron heads, lubncate the heads and
threads with oll or extreme pressun:
lubricant. If threaded into water
passages, seal the first 2 or 3 threads
with RTV. Don'i forget the 1wo you
threaded in first. Remove them and
give them the same treatment. Run
the head bolts down, but don't tighten
them yet. It's cntical that you now
follow the bead boli tongue sequence
for your engine. Do this m 30-fi-Ib
increments untal you reach the final
torgue value. The typical tightening
sequence is from the conter outward
back and forth, but check 1o make
sure. After final worguing, gpo bhack
over the bolts in sequence and
recheck wrgues at keast once,

Al this pommt you may of may not be
fimished with torquing head balis
Typically, they should be re-torqued
after initial engine run-in. To
determine whether this is necessary,

refer to the gasket installation
instructions. Head gaskets such as
bue Fel Pros are a mo re-lorgue
pusket. This means you dont have o
pull off the valve covers 1o re-tofgue
the head bolis, which is worth the
“price of admission” in my boolk

Dig wp the old sei of spark plugs
and install them linger thght. Do) wse
new ones. Chanoes are some will get
broken, but who cares i they're old?
They will keep dirt or vy other dobs
oul of the combustion chambsrs and
mask the plug holes for when you
paint the engine. Hemove the old
Plugs and mstall new ones once the

engne is m place

VALVETRAIN

Round wp the wvalvetrain
ullhlnll'h,'ul\ \.]I'I.( |;!1|:rn. ph]'.lulh_
rocker mrms, their Tulcrums oF paviol
shafts and the attaching hardware
You'll also need a squint can of oil,
mavbe & can of oil and soime moly

Tube
install Valve Lifters

If ¥ou are wiong hvdraahc hifiers
prame them to prevent a lot of clatier
on startup. You can do this one of two
ways: force ol theough the hole in the
sade of the lifker until 0 comes oul the
conter of the pushrod sead;, or, place
the liller uprg hi m ol so the hole m
the side is submerged. Work the
|ﬂum_'ﬂ up and down with a pushiod
s o] i drawen it the lifter

'\]"“} rlml!. lube b0 the hifter foud,
smear oil on s side and slide the
lifker inio a hifter bore. When they are
all wstallod, squint some oal inio ithe
pushiod seal, Remember: Il vou ane
uning the onginal lifers and cam., the
lifters must e mstalled on the same
lohes. New lifters can go on any lobe

install Pushrods

Wheiher or nol vou can install the
pushrods depends on your engine's
intake manifold design. If the
pushrods go through clearance holes

Pyt Wpdinissis WMer by formimg o Peomgh bole in Gels srdll 7 cemes et iep hels. Lobe Sfsr
tood with mesly s sades with ol
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M yisi re rewning Cam and Bfer, inslsll e in el ongnel bere IF you’ve lsel tradh of thei
orgmal e rwlall sew Men o svald wiping oul & caTshan

1 the manifold msiead of the heads
sich g that for the big-Maock Foed or
Vi, the intake

manifold miad go on ird, In thes case

R Liter Chevy
wstall the manifold then continue

werlhy imesdad ling the vl vetram

17 woms hvent alremly divse o, clesn
and imspect the pushiods. Hon a wine
through the oonbers of each and Tush

Check for debris by
hoddmg the pushrod wp o s light and

o wilhh saivent

boorkoang throwigh i
Mo of okl check cach pushnod for
1 i & sl

straghtrecss by rod limg

Mot saarlace and ook i wiherneath aa

Check peshrads fot straighiness by roling on
& Aal wetsce, WS & gl on ihe opposlte
wbile, ek wreler ealh Eeabves] oo Foll 1 W
ol enpect pustieod b bevl check & with &
0.008-in. [0 J0mm) lesler guage. 1 Uhe
geuge Bis Sen T try 1e sirsighien pushrmod.
LS
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ot rofls, Thas will guackly reveal a bem
pushrod, 17 a 00080 A0 X0mm focker
gauge fits underneath the center
replace it

The rale for installing onginal
pushrods 1 sumilar i that for valve
lifsers, Install old pushrods in onrder
andd with the sume emds againdd their
rocker amms. Because mocker amn and
pushrod contact poinls wear
together they must be mated when
rewsed. If ball tps are wsed at cach
end, determine which is which by
comparnng their wear patiems. Wear
at the rocker arm end extends much

Wear af soohed aorr el of peslead eaierels
tarthes mroursd el (top) than o o el §
e e ianlallng new rbchnl STes o e
g puUshEods GF FRCLES SRR N el SR
isribreie wrad e el

fanther around the ball (i than does
the lifter end due to the higher m-FuFﬂ'
movernent of the rocker amm

When installing new rocker ams,
pushiod order doesn’l matter, But ' in
thir Case, reverse the pushrods end for
erd. Set the ends onginally msialled
in the rocker arme i the hifters. This
will have an effect samiilar 10 installing
R FP“'\IIIHJ"- A for puulumh hust
use a badl tip at the hottom end and &
socket at the 1op, they can't be
reviersed

Install Rocker Arms

Prepare individually mounted
rocker arms by lubricating wear
ity Simeas evireme pressane gresse
or moly lube on the pushrod tips and

rmtal aret sl graatviods B both eade el 0 pasde platms A ol Bot el il ke s
to side o make reom b pesheod inatsilethon imetel kel moeted Feched ame e ol
oty e s

Inwtall shaft-mourted rocker amms on head after all pusheods ama In pleco. Apply high-p

Far high performance applications, stud
grdle supports individual rckeram studs,
Adjust vahies, then fit ginle loosely to stad

lube to valve tip and Nt pushrods 1o rocker amms belors you begin tigivtening hold-down bobts.
Tighten bolts one tum at a time to koep from shaft,

oil the rocker arm piviots. Double-
check that the pushrods are still
centered in the lifter. Position each
rocker arm and pivot on its stad, place
the pushrod in the rocker arm pockey,
the rockes on the valve tip and thread
ooy the mut & few tums, 1T used, don’|
forget to mstall il haffles. For meker
arms suppormed with stands and bolis,
sef cach stand on s boss and mun in
thesholt & few threads. Finish running
down the rocker arm nuts or bolis
after all rocker arms are on their
pushrods, Its best 0 do this with the
lifter on the cam-lobe hase circle. This
is impossible, but do the next best
thing. For shaft-moonted rocker arms,
lubricale the wear points in the same
manner as above. Position the
crankshaft s0 none of the lifiers on the
bk you're working with ane ot full
Iift. This will minimize the stress on
the rocker arm shaft as you run down
the baolts,

Make sure the bolts are in the
correct order. Most rocker shafl bolrs
are different length and one or more
may have a reduced shank or other
feature that allows oil o pass for top-
end lubrication. This is where good
organization pavs off. Refer 1o your
notes, Cetting these bolts in the wrong
hales will speil mouble,

Apply extreme pressure lube or ol

16y the bolt threads and undersides of
the heads. Double-check that all
pushrods are still cemered in their
lifters and rocker arms, Set the rocker
arm assembly 1o place and fir the
pushrods to the rocker arms. Don't
tighten one bolt al a time. Instead,
alternate from one balt to the other
until all are snog, Torque them 1o
fuctory specs.

Adjustable Hydraulic—Once oll
rocker amms ane in place, position the
crankshaft on TDC. This will place
the cvlinder-1 lifters an their cam lobe
base circles, or in their lowest

S dually tignten fing muts
1o manmuiachises’'s spacs. A “1all” valve cover
will be neaded b0 allow roorm for gheits

positions. Check by rotating the
crankshaft back and forth a lew
degrees o either side, The lLifters
won't move if cylinder 1 s at the top
of its power stroke. If the lifters move
iy between the exhaust and imtake
strokes, IF that's the case, turn the
crankshaft 380 and realign the TDC
mark

If non-adjustable rocker arms are
used, run the nuts or bolts down all
the way, If they are adjustable and
hydraalic Tifters are ssed, run (he mu
dowen uneil all slack is taken up in the
rocker arm and pushrod, Wiggle the

Cont valve Ups wilh Ngh pressura lubs, Rotate indhvidualy woustod rockor arms so yolve snd
s on tip and pushiod s in rcker amm & other end.
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Proaltion eraséiskaf af TOC Arieg position o
wiljust eyllnder-l valves. Lifters will ba al
thalr bowest poaitions |a thelr bores, ARer
yai've adlast cylipdanl valves, adlest all
willwvan uning your sngine's felag andar,
Loosely i distribetor snd use rfoe and chp
@ referanca b positloning crankahafl

recker arm ad pusheod 1o be sure all
slack is gone, but the lifter plunger
hiss ot everveed down, To position the
lifter plunger hall way down in the
lnfter body, rotate the rocker arm
adjusting nut about 172 or 34 turn
Tum the crankshaft S0 if it's & VR,
1Y if its a six or 3607 if iCs a four
andd adjust the rocker arms for the
cylinder neat in the liring order

For an odd-Tire V6, temporarily
imstall the distnburor and wse the motor
to determing TDC for all ¢ylinders
Find cylinder-1 firing positlon and
mark it on the side of the distribuor
housing, Mark other cylinder firing
positions in the same manner wsing
the distributor cap and engine finng
order for reference. Rotute the
crankshuft until the rotor aligns with
the nixt cylinder in the firing ondet,
wdjust iy rocker srms, then modate ihe
crank 1o the neat position, Continee
this procedure until all rocker arms
are adjusted

Adjustable Mechanical—L e the
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Wihile sylinder ls an TOC, mehorarmm nwt I lightened to adjus velve. I reckes amm s
asdjustatio with hydrmidle ifers, rotate sl 12 to 3,/48 turn afer absck |s taloen up |n pashrod,
st Bofor Hfer plenger moves. Positive stop nat s siogly Ughtened (o spoc, Bul 0 ssould not

ottom Itar plungss

procedure described above o sdjus
rocker srms used with mechanical
lifters, Mechanical lifters run with
some lash, o cleawrance, heiween the
rocker arms and valve rips, To
determme the commect lash, check the
enging of
specifications, They'll either specily a
cold or hin lash, Regardless, you'll
have toy do an initial cald lash
adjustment so the engine can be
started, Do the hot lash once s up to
aperating temperature, Il you can't
find codd lash specifications, use
absont 00200 i, 0. S for the intakes

cam manufacturer's

On stud-masntod mokst sms used aith solld Bfees, o

and (LO2S in A fmm for the exhausts,
These clearances will do for initial
startup, Hot lash will huve 1o be st
when the engine s al operating
teITIperatre

With the lifter on the cam lobe hase
circle, insert the appropriate fosler
gauge between the valve tip and
rocker arm, Wiggle the rocker arm
back and Forth or motate the pushnod o
check for slack in the valvelrain
Adjust the nut so there's slight drag on
the gauge ns you slide it in and ool

Non-Adjustable Hydraulic—The
oty way 10 “miljust” non-adjustable

Ppp—

Intusrvinis by nabiding sheet-metel FAL s on Tinnetmin nets om bop of standered lockaots.

Chsck valve Up-lo-nsCher aem chaarants of non-adustabls valhwatraln ARer prying Betwesn valvoe
rrknimar ped sockor arm to leed down Bfter,

mcker arms 18 o wse different length
pushrods. This will only be necessany
if-a valve stem extends too far out of
its guide due to excessive valve seal

ghinding o the rocker arm has moved

closer to the lifter. In the first case the

valve tip should've been ground 1o
compensate for seit work and resfore
cowrect rocker amm " geometry.” I this
was done, no adjustment should be
necessary. Excessive cylinder head
milling can also couse a problem. In
both cases 4 shorter pushrod is
needed, Check the: deilership for pans
availabiliny. I extensive valve or sem
work wasnl done, or the cylinder
headis) or block was not resurfaced,
you shouldn't have mny problem with

- vilve adjastment.

Twao methods can be used o check
for correct wvalve adjustment.
Remember that with either method,
the lifter phunger should be positioned
hadf way down in s lifter body when
the lifter is on the cam lobe base
circle, ar about 0.045-in/1.14mm
travel a1 the lifter. Using the first
miethod. force the rocker anm against
the pushrod to fully collapse, or
bleed-down, the lifter. While holding
the rocker arm in this position,
measure rocker arm-io-valve tip
clearance.

There are special 1eols for mdaing a
mocker arm against its pushrod, Such a

tool hooks ontoe the rocker arm,
allowing vou 1o lever the rocker arm
against the pushrod and lifter. This
gradually bleeds down the lifter,
cinsing the plunger o fully collapse.
Prying with o screwdriver between the
spring retainer and rocker ann Lip may
also work, Better vel, use a pair of
fong-faw 1 0-in. Channellock® pliers,
Owpen the yws 1o the widest position,
then place the top jaw under the valve
end of the ocker arm and the bottom
Jaw on top of the pushrod emd, Lever
the mcker arm against the pashrod 1o
compress the hifter plunger.

Be patient. You can't force the lifter
plunper down immediately, 1t will
tuke & minute or more 1o bleed it
down, especially with a pew lifter.
Oinee the plunger bottoms in the lifer,
hold the rocker arm in that positon
and check rocker arm-to-valve tip
clearnnce, Clearnce should be aboat
D.100-0.200  in. 2.54-5.08mm.
Adjust ¢learance by installing
a different length pushirod. 11 thers's
not enough clearance, go o a
shorter pushrod; if there's 1oo
much clearance,. go to a longer
pushrod,

The next and simplest method of
checking lifter-plunger travel 15 1o
count the number of tums the nut or
bolt takes to g0 from no slack in the
rocker arm or pushrod te when the

rocker arm Fulorum conticts i stand,
or when the pivot ball contacts the
shoulder on the positive stop mocker
arm stud, Onee you have all the shick
ot of the pushrod and rockes ann—
the plunger has yel 1o moveé—ooun
the number of fums it takes for the nu
or bolt 10 begin o hghten. It should
take 34 1o 1-3/4 turns. Less and the
pushrod is too Jong: more and it (oo
short; in between and pushrod length
is O

INTAKE MANIFOLD

With a ¥V-type engine, pour any
remaning assembly ol over the valve
lifters before you cover the hfter
valley with the intake mamfold or
valley cover. Pour some over the
rocker anms, too. Depending on your
enging, thers will be up to four intike
manifold gaskets.

Manifold Gashkets

If a single gasket is used, which will
be metal, it also sets =x 8 buffle o
shield the bottom of the manifold
from hot oil. To ensure sealing is
good, it is beaded around the intake
ports, conlant passages and both ends
at the block. Run a bead of KTV
dilicone sealer around the conlant
passiges o miake sure they seal

Sealing—When four gaskels are
used, one will go berween each head
and the manifold and one will seal
each end of the manifedd o the block.
Again, wse silicone to seal the coolant
passages. To prevent these paskels
from Bhifting oul of poasition when
you install the intake manifold, apply
several dabs of adhesive sealer along
the length of each gasket. Fit the
gusket 1o the head, fift it up, and refir
it umtil the sealer tacks. As for the end
gaskets, dont use them, Notonly are
they difficult 1o keep in place when
nstalling the manifodd, they typacally
shrink over time and leak,
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To eliminate end gasket leakage
problems, run & thick bead of RTV
silicone across the block at both ends
just prioe 1o installing the manifold.
But if you insist on using the end
gaskets, apply sdhesive sealer 1o the
block and seal, lay each scal in
position on the block and lift it up as
above until the sealer tacks. After you
lay the seals m position for the last
tme apply a dab of RTV silicone st
the joints where cach seal meets the
paskets at the heads.

Some VAype engines use & wparale
valley cover to seal the top of the
engine. The advantage with thas sctup
is there's an air passage between the
intake manifold and engine which
keops the hotom side of the manifiold
cool. If your engine uses snch a
manifold, fit the gasket 1w the cover
and wstall the cover. Next, install the
manifold-1o-head gaskets with
adhesive sealer i keep them in place.

Install Manifold

Set the intake manifold on the
engine, being very careful nol 1o
disturh the gaskets. To do this
comectly, lower the manifold sguarcly
on W the gaskets, I would be & plus i
you had a fnend to help with this
operation. Move the manifold after
sctting it down and you'll probably
shift o gasket o two out of position,

After the manifiold is in place, check
the gaskets o make aic they haven't
mowed. Il you have any doubis, lift
off the manifold and try again. C8l
leaking from an end gasket is an
aggravation, but a giant vacuum leak
al an intake port between the head and
manifold can cause engine roughness,
oil consumption and spark plug
fouling problems

Install the bolts and. if used, nuts 1o
secure the manifold. Wire brush the
thresds 1o make sure they are clean, If
you have an aluminum manifold,
install hardened washers under the

Orteres Corrac) intake mantiold torgung procedures. Betorgee bofts set® et s fuih
LirTr ]

bolt heads to keep the bolt heads from
Aiggng im0 the soft aluminum. 1T the
bodis thred into a bole that runs mio a
coolant passage or the lifter valley,
wse KTV slicone on the threads or a
scaling washer under the bolt heads or
ks

There's no gencral pamern for
tonqueng mamfold bolts, but there w8
firm rule: Follow the manufacturess
recommended torgue seguence, of
patiern, and values for tightening
imake manifold bolts/nuts. The
typical intske manifiold hobtu songue
sequence lollows a rigrag patiemn
similar o this: Torgue the bolts/fms
staring with the middle fromt right, o
the el rear beft, 1o the madidie roar

right, the middle front kefl. oul 1o the
ends, hack 1o the micklle and w0 forth
One firm rule is o gradually work up
to the final torque n steps of one
third, For example, if final wrque
is 30 f-Ib, stan with 10 f-Ib, go w
20 fi-tb and Minish with 30 fi-1b
Re-tonque the bolis/nuts in sequence
ol least I'wo more limes o ensure
gaskot compresuion s retained

Tape over the carburctor mounting
arca with duct tape. This will keep
foreign objects sach as toods and
washers from falling undetecied io
the manifold. Suffering the conse-
guences of this a stanup nime i a
sare way 10 muin your day

EXTERNAL BITS &
PIECES

Valve Covers

Before you install the valve
make sure the mounting flanges ane
clean and straight. If the valve covers
are sheet metal—as opposed to cast
aluminum—pay panioular attention 1o
the bolt holes. If they are dimpled
poction the (lange over the edge of a
bench or vise amd hammer themn (s
Also check any prosmamets m the valve

COVETS

valve
or cracked

cover such as for a PCV
Replace any hand, brittle
EroaETels

Fu the gaikicts 1o the valve covers
Some manufacturers notch the flanges
to hold the gaskels in place for
mssembly. Tabs spaced around the
= |:'bhrt‘. ol & gasket dnap Mo s
motches. Anodbher way o ensune e
paskets stay i place is 0o reson o the
old standby The

only problem with this staff s o's

aidhesive sealer

tough 10 got off when and of vou need
to replace the gasket, But if using
mihesive sealer means preventing an
ofl leak, difficull gasket removal 15 a
minor pnce 1o pay. Just doni gel
camed away. A fow spots of adhesive
scaler spaced around the gaedket flange
will do the joh

With the gaskets in place, install
ench valve covers on the head, Install
load spreaders or flal wasdhers under
the bolix or nuts and hightly ughien
them several times until the gaskel
fully compressed. Over-tighiened
valve cover bolis 15 3 major cause of
ol beaks

Thermostat

The thermostat will cither nstall n
the block or intake manifold. More
than likely your engine has a wel
manifold—ooolant Mows lrom the
..:illnslrf hexcds 1o the mamiodd on 11
way 10 the radiator rather than the
block. In this case the thermostat will
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install in the manifold. Cthersise, ol
will matall m the bhlock

Repardless of where the thermostal
installs, the spring cnd gocs lowand
It showuld

thermosial

the engine, of heal wWiIrce

vadhicale as such on the
Ancther caution: He very cancful that
the thermosial

counterbore a

remains an Ils
v arvelall the howsang,
particulurdy of the thermostal housing
1% aluminum. A thermostial thal
imstalls horisontally can easily shp
undetected ot of iy counterbore
cagsing the thermostat flange to be
pan hed hehimd the botiom wde of the
||--\.>\|l|._' ”:lI usially resulis in the
thermostal housing (lange o snap off
m the bals are nghtened. To prevent

thiz froem happening, make use ol

adhesive waler Run & small

bead around the themondat Nanee that
Do the
same o the r'.uh-.'l Aller the scaker
tacks, inxent the thermosisl in the
coumterbore. i shoukd stay there, To

make doully sure o stays pat, (i the

bt i the counterbone

gasket over the thermostat Mange and
agamnsl the housmg mounting face
and insaall e hadis

Paint Engine

This stage of engine assembly 15
about where you should paint Your
engine. If it will be part of an
authentic restoration, make sure the

-

codof bs correct. Alwe be aware that
mol faciony engines wore pescaibed]
when painted, so all gasket edges, bolt
heads, nuts, washers and engine
Even
aluminum intske manifolds were
usually inctalled, but not masked off

This resuilted in @ peneroas amaosnt of

mounls were panted. too

overspray around the periphery of the
manifold. Although not pretty, il was
original Many  other
comporients were installed Later such

faction

w5 cartaretors, evhaust manifokds, fuel
pumps, distnbutors, ignition coils,
spark plugs, sending units and
ACCERROTIES These Mems were ool
pinted or were pannied another color
S0 leave these off until alter vou've
]1.;|.|:|i|k\! YOI CRgIne

If ongmality doesn’t matier, your
oplions are open But don't gel oo
ormate with the paint scheme
CGienerally, the best looking engines
are one color and dressed up with
custom items such as aluminem or
chrome valve covers, ignifion wires of
& bright color, a performance aur
cleaner and anodized accessories
Some of the shikest looking custom
engines are monochromatic—ihe
same cobor for everything including
many ems jus mentioned

Spend maost of your painling time
on preparaton. Pamt doein’t stk 1o
oil of grease, so clean your engine all

imstall thermestet In the right direetien.
Flange fits i secens i becs or msndoks

over with spray carb and choke
cleaner, brake clean or lacquer
thunner. Mask off gasker surfaces such
as those for the fuel pusmp, carburetor
and eohaus mundokls. Use o quality
engine paint. And when applyving the
paint, start wath a dest coal, then apply
several thin coats rather than one thick
coat. You'll not have s many nans if
any and the paint will be dunner, thus
bess prone 1o chipping

Exhaust Manifolds

Whether you install the exhaust
manifolkds now or alter the engine is
mstalled depemds sokely on whether
e cigeine can be awtalled with them
in place. In the case of the more
compact casl bron exharst manifokds,
it'll probably fit. As for headers—
tubular exhaust manifolds—they are
another mutter. Almost without
excepion, yvou'll have o mstall them
after the engine is installed. But
make the job much casier, loosely
install them 10 the exhaust sysiem
hefore vou install the engine. There
arc W many vanatwons o say this
always works best, bt i1l be casier iff
it does work. Access 1o the
belibousing bolis and starer will be
the higpest probiem

If cast-tron exhaust manifolds are
used, check them Tor cracky. Pay
particular anention 1o the Manged

Check exhaust manifold for cranks. A good walder can make the repalr. Smooth meounting
facas with a lorge Aat Mo, Reploce heoder-pipe meunting stids if thoy are in bod shape.

areds, Some exhaust manifolds are
mrare prone 1o cracking than others.
Xou'll find out if you have to search
for a replacement. Mot only will it be
more ditficult to find, the price will
reflect its rarity. Check also the
exhausl pipe mounting studs. Replace
them if the threads are in bad shape,

Rather than using the gaskers
supplied in the gasket set, |
recomend that yvou use RTY silicone
for sealing both cost-iron or tubular
manifolds 1o the heals. Sealing is
superior with both, An gxception
would be in the case of a shim-type

_metil gasket that doubies as a spark
plug shield. Use these (o provide
shielding for the plug wires.

Find the manifold mounting
hardware, Typically, different length
bolts are used. Some engines are
equipped: with lifting lugs bolied on
with the exhsust manifolds from the
foceory, I so, ot least two bolis per
side may have studs projecting from
the heads for mounting the plates. 1f
your engine had lifting lugs, be sure o
reinstall them, Not only are they
uscful for lifting your engine, lifting
lugs provide originadity if you are
doing an accurate restoration. The
s poes for spark: plug shields and

metal locking tabs for the manifold
bolis. They restore oginality and are
functional.

Apply RTV silicone sealer to the
manifold mounting faces and mstall
the manifold, Tighten the bolts in
increments from the center oul. Lock
the manifold bolis or nuts with
lockimg tabs or stainless siegl safety
wire. If vou use wire, the bolt heads
must be cross-drilled for that purpose.
At the header pipe. usé a new
doughnut or gasket. Mothing is mone
ritating than 1o fire up a new engine
and hear the spil, spit of an exhaus:
beak.

Water Pump

It takes an enormous amount of
work to replace a waler pump on an
installed fully dressed engine
Because of this | recommend that you
replace it now while the job is
relutively easy.

If the pump has 4 sheet melal
backing plae, nsall i gasker between
it and the pump housing with silicone
sealer. Insiall the pump 10 the engine,
sealing it with a gasketis} and sealer.

Fuel Pump

Trial fit the fuel pump. If the pump

To mahke Imstallation of mechanical fuel pump
wakier, tum ctank uitil Bel pump sccomnc |8
ol lowast position, Apply RTV sealer to both
uides of gashet.

lever is on the high portion of is
ecceninc, rotae the crankshaft so the
lever iz on the low portion of the
ecceniric and the pump moves in
ngainst its mounting surfuce

Using RTY silicone sealer, scal the
gaskel to the pump, Run & bead of
sealer around the engine side of (he
gaskel, too. Prelube the pump
aciunting arm with exireme pressung
grease, then install the pump,

Miscellaneous
Hardware

An engine can have all soris of
hardware and components fitted 1o i,
especially those from the late 70s on
up. Here's where keeping good
records is invaluable. [ hope you ook
good notes. There's just nol enough
space in this book to list the
complexities of one brand, ler alone
all possibilities. Examples, though,
include vacuum [ittings, ported
vacuum swilches, divorced choke
coils, water temperanre sending units,
oil pressure sending unils, heater hose
nipples and EGR valves. IF gaskets
are needed for sealing, you'll find
them in vour gasket set, In the cise of
pipe threads, wrap them with Teflon
tape before installing. W
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e question of what carmshafl to
ke always seeris 10 come up in
disgussions about building
engines regardless of whether
the engine 18 Ffor mild street
performance or all-out mcing. That's
why | wrote this chapter; 10 peel away
much of the veneer conceming the
"mysteries” of comshalt design so vou
can make an informed choice, of ot
least hald your own in these “bench
rcing” discusaiong
Starting a1 ground zero, the sole
puarpesse of o camshall and valvetrain
5 10 open the imtake valves o admit a
combustible air/fuel mixture to the
combustion chambers and open the
exhaust valves 1o release the spont
mirfTuel mixture. This, of course, is an
oversimplification. You must also
know how much o open the valves
and ot what rate, when to open themn
and when to close them
Knowing how o canshalt relates to
villve action and the resulting effect
on performance, driveability, mileage
andd enmsshons will flow vou o make
n hetter decigion when choosing a
camshaft, Fortunately, manufacturers
have mode this job relatively simple.
Most list in their catnlogs cams
acconding to application, such s those
for owing, street’strip, strip only and
o on all the way up to all-oum meing
They reference important fectors for
specilic engines such s vehicle
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Bigbioek drag oagise has 0 B8%0-n. valve B, way too much fer sven the mesl radical siresl:
perfarmance engine. Mways s on cosservative slde when oboosing a cam regietbens of
application. Altheugh camshafl manulaciurers it specific cama for specific spplications In
thale eatmiogs, you must still glve e the comect information. An endsrstanding of the basko
lationship b « Pis el vidve Qlming in essniil,

weight, gearing, rpm range and
transmission tvpe, Your responsibility
is to realistically and accurately
supply such information in order (o
make the hest choice

Other factors to consider when
choosing o cam is whether 10 use the
original valvetrain selup or swilch
fromm hydrawbic ifers 1o solid liflers or
from Mt to raller followers. And
always Keep in mind that the most
common error is o "overcam” an
engine, or install a camshalt that is
“pony big"—low much 1ift and duration,

The consequence is similar 1o that of
over-carbureting an engine—you'll
end up with a “lazy” engine, or one
thut doed not perform well for ity
intended use, If you still have
difficulty with choosing a cam,
munufacturers have customer-service
lines manned by experts that can belp,

Even though manufaciunees calalog
camshafis sccording (o application,
you should understand technical terms
that mre commonly deveribed
by simple terms such as o hig
comshaft or a bigger comshaft. Such

TOC OF POWER STROKE

TOC ol powst wiroke! imtakn and wxh

b nre

tod for chariflomtion. Both valves ame

closed and the slr./Sial mixtirs was ignitod seversl criskahall dograss Goforn piatin rschaed

descriptions make ot sound as though
cumshafls are chosen like you would
choose a box of popcomn. Ask
someone who uses such tlerma Lo
explain exactly what they mean, then
be rendy to hear a lot of nonsense or
nothing at all.

To fully understand terms such us
lift, duration and overlap and the
effiect of each on englne perfomunce,
o st first Knevw what goes on in a
cylinder during ench event of n four-
stroke-cycle paston engine.

THE FOUR-STROKE
CYCLE

Four separate and different strokes
of & four-stroke engine must occur for
euch piston to complete one cycle so

power can be produced at the
crankshuft. As for what one stroke
means, it's the degrees o crunkshafy
turns as the piston moves between the
top of its bore—top dead center
(T j—and the bottom of its bore
(BDC)Y in either direction. The
crunkshaft rotates 1807 for each of
these strokes, To complete one full
evele—{our strokes—two complete
crankshafl rotstions must oceur,

The four strokes of the piston
engine are numed and duplicated . |
and always occur in the same order
for ench complete eyvele, In any onder
the sequence of strokes I8 always:
INTAKE, COMPRESSION, POWER
and EXHAUST. The eyecle is
complete and ready 10 start the nex
eyehe in the same order of srokes, We

can start with any stroke, but for
clarity let's start al the wp of the
power stroke:;

Many would have you believe tha
mt TDC of the power stroke, the
air/fuel minture explodes with a
BANG! Then at BDC of the power
stroke the exhaust valve mstantly
pops completely open and remaing
there until the crank rotates 1807 and
slams shut when the piston reaches
TRC, The plot thickens: They would
nlso have you believe that wl the end
of the exhmust stroke the intake valve
pops open fully in an instant just as
the exhaust valve slams closed. To
complete this fairy e, they would
alsor hirve you believe thal the inake
valve ¢loses instantly when the piston
reaches BDC of the intake stroke
Don't believe it

Although there sre acltions and
reactions that are fast, nothing
happens. instantly—nothing, Even the
burnipg—not exploding-—af the
mir/fuel mixture tokes time, or about
(LK1 seconds from the time Ignition
ovecurs, The same goes for the
movemen! of gases through an
engine. They don't react instantly
anymaore than a car can, just guicker
Such things as wacceleration,
deceleration and inertia wre necessary
parts of the operationnl piciure of the
four-stroke engine,

Overlap—Yalve and pision
MOVENments cverlap one another-—one
ogeurs before or after the other mther
than at the same tme. So as the piston
renches TDC or BDC, a valve will
havee alrendy opened or closed, Taking
this furiher, valve movements also
overlap—hboth intake and exhaust
valves will be open of the same time.
This is the overlap referred 10 in
camshaft specifications. The asunt
piston-to-valve or valve-to-valve
onverlip must vary according to engine
design and requirements, And what
works best in one engine typhcally

165



BOC
EXHAUST
STROKE

BOC of muhaust siroke: Exhaust vaive opened Delore painn reeched botiom center of power
siroka 10 blow dows cylimdne prossurs. Exhaust valve will nol close entll afler TOC of intake

LI

won't be the best in another engine,
Let's dissect each of (he four strokes
to bring all of this into 4 clearer
peTspeciive,

Power Stroke

Starting at exact TDC of the power
stroke, both valves are closed as the
plston pauses il the op of the bore in
preparation of being lorced back
down by increasing cumbustion
chumber pressure, lgnition of the
airfluel mixture was initiated a few
crankshalt degrees before TDC,
starting o fire that propagated out
from the spark plug above the piston
a0 e T, thiss creating o rphd
but unifonm pressare and lemperiure
s,

Maximum pressure should not be
reachied wt T because it would demd
to passh the phston, connecting mocd and
crank out of the botom of the
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crunkease. Instend, maximum
pressure occurs about 157 afer TDC,
The plston continues 1o be forced
down the bore toward BDC by
pressure from the burning air/fuel
mixture, The levemge the piion and
connecting-rod assembly exerts o the
crankpin forces the crankshaft 1o
rotute, resulting in what we express as
foiae.

Before the piston reaches BDC of
the power stroke, the exhaust vidve
sarts to open. Most of the usable
priessure exeried by the still buming
and expanding winfuel mixiure was
transmitied to the crunkshaft through
the rod-and-pistan assembly, To take
sdvantage of this situation, the
exhaust valve starts to open, allowing
the remaining pressire in the cylinder
iy ks ademem, Most of the pressumized
pases can npw Begin 1o escape pust
the exhaust valve and into the exhoust

port, By the time the piston reaches
BOXC, the exhaust valve is farther off
it seat, albeit not yet fully open. This
blow-down process reduces much of
what would otherwise be pumping
losses, Ruther than using the piston jo
passh 0wt combustion gases during the
exhaust stroke and wasting power,
residual pressure in the cylinder blows
theun oul,

The power stroke, punciuated by the
blow-down period, ends when the
pision resches BDC. The crankshalt
has now rotsed 1B from TDC,

Exhaust Stroke

The official exhaust siroke beghng ot
exact BDC of the power stroke oven
though exhaus) gases startid leaving

Jbefore reaching BDC. This is the first

of four periods of each cycle where
vitlve motion overlips piston position.
The instn the piston renches BDC
it starts s push the remmaining exhaust
gaes pust the opening exhoust valve,
The remuining pressure in the
cylinder pushing ugainst the piston
now resists crankshaft rotation, thus
creating the dreaded power-robbing
puumping fss. The result is less power
an the crankshaft, bue ot as much had
it not been for the blow-down period,
Well before the piston reaches TDC
on the exhaust stroke, the exhaust
vitlve has reachied maximum [ and
has begun 1o close. A lot of things
begin o happen. Upon approsching
T of the exhaust stroke, the intike
valve stars to open, This is the second
of four periods during & cyele that
valve motion overlaps pision position,
It is alse the beginning of valve
averfap—hoth exhaust and intake
valves are open. The exhaust valve is
closing and the intake valve is

The platon slows as it nears TDC af
ithe exhaust stroke, It naturlly (ollows
that the departure of exhaust gases
from the cylinder dows 1o, making it

virually impossible for all to leave
past the exhanst valve before it closes.

- And becuause the intake valve is

opening, some of the exhaust gases
make an about face and head for it &
their only escape route due fo lower
pressure at the intake walve.
Unfortunately, exhaust gases
backfowing into the intake post dilute

- the incerming ainfsel mixtuee. This i

unavoidable because exhaust gases
have some weight (lechnically mass),
this inertia. so the gasas flowing into
the intake port resist changing speed
or direction.

The piston completes its second
stroke, During this stroke, the crank
has rotated 12 revolution, or another
180° for a total of 360°, The foor-
stroke cvele is half-finished. Even
though piston speed in the immediate
vicinity of TDC is relatively low
there's viporous “activity in the
combustion chamber, around the

~ valves and in the ports.

Intake Stroke

The instant the piston siops al the
top of the exhaust stroke, the intake
stroke begins, The piston stants it trip
hack down the bore. Crammed behind
the intake valve in the port is the
ginffsel mixture waiting for the valve
40 open far enough to let it begin
flowing. The exhaust gases that
entered the intake port on the exhanst
stroke don't get too far before they ane
overcome by the onmushing wir/fuel
charge on its way 1o the cylinder.

Owerlap Breathing—Backing up a
lintle, intake valve opening begins
before TDC of the exhaust siroke,
reducing pumping losses similar to
the blow-down action on the power
stroke, In this case, though, cylinder
pressure and gas-flow directions ane
reversed. Because both intake and
exhaust valves are partially opened af
strokes, o phenomena known as

overfap breashing occurs. How much
of this occurs depends on the engine,
speed at which it's turning, throthe
opening and the intake and exhaust
systems. IU's not so much an
"exchanging of breaths" between
exhaust gases and the airffuel mixtre,
but heww much fuel can be forced out
the exhaust port before the exhaust
valve closes.

Overlap breathing occurs in all
engines o some degree. A Lot of fuel
forced out the exhaust in an engine
built for racing scems to mdicate the
volume aboeve the piston has been
forcibly scavenged, or cleared of all
exhaust gases. Not exactly true, What
more likely happens is the heavier
component—iuel molecules—in the
airffuel mixture resist changing
direction due to higher inertia.

Consequently, some fuel ends up
gomng oul the exhaust, On the other
hand, the lighter component—air
molecules—along with some exhaust
gases change direction mone easily, so
less air exits the exhaust sysrem,
Orverlap breathing then seems not o
be an accurate description of what
. Rather. it implics there's a
single path of flow from the intake
port o the exhaust port. In the real
world, a high percentage of gas
particles separate from the airffuel
mixture and goes out the exhaust as o
rich air/fuel mixiure and some exhaust
particles reverse direction and get
trappid inthe combastion chamber,
To complicate things further, some
of the airffuel mixiore in the
combustion chamber escapes boming
in spite of the advancing flame front

STROKE

TOC of intake stroke: Both valvas am off thelr saats, sxheust vahve cioses as Imtake valve

opens during this valve-overisp period. As overap s Incressed, dilution with enfkaist gres
ale/fenl mixtues ocoure ot war engine spoeds &8 does lodd of some A Tuel mixtem

exhasst valve.

is
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BOC of compreason sivoke. intake valer B heid opee sfer BOC te proft om nertis of the
ak bl mirture sl ressiting filing of the cylingde:

and high cylinder 1emperature,
pressure and turbulence. Unbumed
partiches are foutd in remole areas of
the combustion chamber such as
between the top of the piston and
cylinder wall down o the top ring and
in other remiote areas. This is because
the turbulence of the flame front has
calmed and cooled i these locations,
preventing the ignition of these
particles. Funthermore, because these
particles are heavier amd less active
than exhaust paricles, they are among
the last to leave the combastion
chamber. After the piston passes TDC
of the exhaust stroke 1o begin the
intake stroke, some unbumed particles
do find their way past the closing
exhaust vahve, snd some dont.

The next ugnificant event 4o aocur
after TDC of the exhaust stroke is the
beginning of the intake stroke. The
closing of the exhaust valve follows
shortly afterwards. This is the thind
time valve motion overlaps piston
position, As the piston begins s
journey down the bare 1o BDC, the
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intake valve contmses o open. Long
hefore it reaches BDC the intake
valve begins 1o close,

Pressure—As the piston travels
down the bore on the intake stroke,
vacuum—a pressure differential—is
crested in the cylinder. How much
vacuam there is partly depends on
how much the itake valve m open as
the piston starts down. The maore the
valve opening, the bess the vacuum—
pressure in the cylinder is closer o
stmosphenic—and vice versa. Here,
again, is a pumping loss, The lower
pressure above the piston resists its
downward motion. This is a necessary
evil. If a pressure differential didn’t
exis between that in the cylinder mnd
that in the pon, the air/foel mixture
would not fill the pressure vosd above
the piston. As indicated earlier, the
sir/fuel mixture starts o enter the
combestion chamber before the piston
reaches TDC on the exhaust stroke if
comalitons are favorable.

With a naturally aspirated engine—
no turbo- or supercharging—the

air/fuel mixture s forced into the
cylinder by mmosphenic pressure. The
arrfluel muxture 15 ool drawn o the
cylinder, it st scked in nor does ji
fall in. 1t is pushed n by stmospheric
pressure in an attempt 1o Till the
volume ol kow pressure created in the
cylinder by the piston moving down
the bore, Cylinder filling contimes as
the piston moves 1o BDC . . . and
e yomd,

Al BDC of the induction stroke, the

Agan, the peton reverses dinection
as it heads back up the bore 10 TDC
on the compression stroke. The intake
valve is closing but it's not fully
closed. Simular 1o its movement
immediately before and afier TDC,
piston movement in the vicinity of
BDC is “lazy.” The crankpin moves
through a wide arc befone the piston
moves significantly toward TDC.
Regandiess, cylinder filling continues
because wertia of the airfeel mixiure
has more effect than the upward
mwwvement of the prston—at least for s
while.
Inertis—About this “inertia thing™,
Compare il 0 8 car sliempling 10 dop
or num at hagh speed, The higher the
speed or weight of the car, the mone
difficult it is 1o do. Just Jook at inertia.
as the resistance an object has jo

changing speed and dircction. Inertia

s whal couscs anything wilh weight,
including air, fuel and exhaust gases,
o maintain speoed and direction. That
is why the sir/Tuel misture resists
spoed and dircction changes as o fills
the cylinder as the piston beging 10
rise after BDC. This goes on entil the
piston forces the inflowing airfuel
mixiure to dow, slop of even reverne
direction. This is where closing the

intake valve at the precise rime
becomes critical. The challenge is 1o
close the inteke valve before the
aigffuel mixture stops flowing inte the
cylinder.

Dceurring long before the pision
reaches TDC on the compression
stroke, intake valve closing 15 the
fourth and lasi time valve motion
overlaps piston position. From now
until the exhaust valve opens near the

- hottom of the power stroke, hoth

imtake and exhaust valves remain
closed.

The wirjfuel mixture that's trapped in
the cylinder is the energy thot will be
relessed during the power stroke o
turn the crankshaft through the
remaining strokes and 1o supply

- ugable power at the crank flange. This
. process
‘; compression stroke as the rising
= plston compresses the trpped airffuel
© miixture. The airfuel mixiure is also
* hemed and vigorously agitwied by the
E"u]m'tr_d movement of the piston,
+ Bechuse heated air particles try 1o

begins  doring  the

expand, cylinder pressure is increascd
furthier, All this ocours as eylinder
volume decreases as the pision
motion, the fuel particles are
separated and vaporized by the same
compression heating, bringing them

- imto closer contact with the air

particles. This violent wrbulent mass
s now ready for . . . ignition!

It is time to light the fire. A1 about
30° before TDC of the compression
stroke, several thousand volts of
elecirical energy are delivered 1o the
spark plug, causing a spark to jump
between the center and ground
electrodes. The heat energy of the
spark ignites the air/Tuel mixture
Closest 1 the spark plug electrodes. A
chain reaction is set off that will

 consume most of the airnffue] mixtare

in the combustion chamber, As the
flame front advances from the point
of ignition, it moves 0 a mone-or-less
uniform manser to foree the unburned
mixture info an even higher degree of
turbulence, causing rapid cylinder
femperature and pressire increases,
This early stage of ignition goes on
a5 the piston passes TDC of the

compression stroke. Al this point the

piston completes the last of the
strokes, Another 12 revolution of the
crankshafl s complete, sdding 180
of crankshaft rotation o the previous
5407, Total crankshafl rtation is now
T20%, or two complete crankshaft
revolutions. Theoretically, the
compression stroke i complete as is
the entire cycle. But what really
'3

It should now be obvious that the
strokes overlap each other. The power
stroke began when the air/fuel
mixture was ignited before the
compression stroke was over at TDC,
the exhanst valve opened before the
power stroke reached BOC, both
valves were opened on both sides of
TDC of the exhaust stroke . . . the
finishing phase of one stroke. And the
Timishing phase of one cycle is the
heginning of another cycle no maner
which stroke it Strts with,

CHANGING VALVE
EVENTS

To dig further into the four-siroke
mystery, bet's look at how changing
cam lobe profile—opening and
closing valves at different points—
changes the performance of an

-Enging,

Exhaust Valve

Early Exhaust Opening—What
happens. il the exhaasi valve is opened
earlier than normal? Starting the
blow-down period earlier can be
beneficial for an engine that's

operated 8l higher-than-normal engine
speeds. This s becanse most of the
useful cylinder pressure s used up
somewhere between 80° und 90°
hefore BDC of the power stroke. On
the negitive side, very carly cxhasst-
valve opening can reduce power
output, particulary at lower engine
speedds,

Early exhaust valve openings sre
usually the beginning component of
longer durations—valve open
peniods—in mace engines, The botom
line is, exhanst valve opening pomts
that are kept within rewson have the
least effect on engine performance
than exhawst valve closing points or
opening of closing points of the intike
valve,

Late Exhaust Opening—Later
exhaust-valve opening—piston is
closer 1o BDC of the power stroke—
helps low rpm performance by
keeping pressure on the piston longer.
And at higher rpm, power may or
may not be affectad by this reduced
blow-down time. Verv [ate exhoust
valve opening points correctly
combined with other valve events can
redduce exhaust emissions by retdsining
cylinder heat, allowing il to dissipate
before releasing it from the cylinder.
This reduces oxides of nitrogen
(NOx), carbon monoxide (CO) and
unburned hydrocarbons (HC)—
gisoline, It can also improve engine
performance through a broader pm
range if correctly done.

Intake Valve Opening

The mext sequence of evenls—
intake valve opening—generally
excite performance enthusiasts most.
Early intake valve opening is half of
the overlap story. Opening the intake
valve ensly—piston farther oway than
normal from reaching TDC on the
exhaust stroke—causes the engine to
be rough and balky at low enging
speeds, This is because of greater
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exhaust gas dilution of the air/fuel
mixture as it artempts to enter the
cylinder., Remember overlap
breathing?

As engine speed increases, Mlow
elficiency 1o and from the cylinder
improves. Velockty and the resulting
inertin of the mixture at higher rpm
overcomes mosl exhaus! gas dilution
to improve power outpul, Bul
exvessively early intake valve
opening pobnts hurt power it low- and
mid-range engine speeds, making

valve duration—valve-open time—
sl in race engines,

Late  Intake  Opening—
Conversely, later intake-valve
opening—piston is closer o TDC on
the exhaust siroke—gives smooth
engine operation during idle, off-ide,
and w low- and mid-range engine
speeds, Additionally, manifold
vacuum is retained for operation of
vacuum sccessories auch a brake
boosters providing the other three

vlve opening and closing poinis are  outpus

reasonable. Although some power

may be sacrificed at higher engine
speeds, o slight loss of power at

higher rpm may be a reasonable trade- | oening hurts low- and mid-range
off for better low- and mid-range performance, driveability, fuel
performance, beuer idle and off- economy and emissions, And very
charncteristics, and possibly improved 144, exhausi-valve closing could result
fuel economy provided the right | jn 4 reduction of maximum power,

loot—ibe one over the throttle—can At the beginning end of the show,
be controlled. Further, very late intike | ooriier exhaust valve opening results
valve opening points can vesult i | iy o smoother operating engine, but
reduced exhaust emissions without an | oy pecessarily at the expense of
accompaiying koss in performance, performance. Engine operation may
E not only become more civilized at
The aher nd of the vave overp | impreve, Overnl) enine by
period is marked by the exhaust valve | anhanced, particularly if earlier
closing point. Late exhaust valve  ayhaust valve opening is combined
mu—pmun farther m.‘ with later intake valve opening.
stroke—contributes | Opening the exhaust valve very early
to evil Jow-rm performance. This hl can also reduce exhaust emissions
e e Bt e o

. an going throu com LY : ;

o el - I:'nu improve performance

where it does nothing uselul except  infake-Valve

help cool the closing exhaust valve, | [y opder of oceurfence, the exhaust

Instead, it should get trapped in the | yulve was opened, the intike valve
combustion chamber where it can do was openedd and the exhaust valve was
useful work and not increase HC - gposed, Although intake-valve closing
emissions. 0 in the last valve event o occur, it is

High valve overlap allows ri¢e | the one that can make or break the
engines to wlertte high compression | sarfarmance of i engine. Where the
::. ";:l m m:rlindnrllp:wm#ﬁ:é * intake valve closes in relation 1o

: bl tion has Meet

relutively bow due to a substantinl loss mm Mmm cmmnm :h?m:
of the air/fuel mixure out the exhaust

h ing and
& diation WAth exhewel g BT T 10wt 1SS Opeming ko
the trapped air/fuel charge. This | g Pd"l.“" mh “ﬂuinhg—wm

prevents abnormal combustio

allows a higher percentuge of i the airffuel before

exhaust gasas to exit the cvlin mm the mp;‘;:;
because Increased inertla keeps them | forces it buck past the closing intake
golng in thel disectian, This- | valve. Just where the most desirable

increaned cylinder pressures and valve closing point is in an
power output. But there remaink SOM€ appine is difficult to determine.
"bleed-ofi” of the sirffuel ch Although later intake valve closing
which could limit maximum p ‘may be acceptuble, even necessary at

Late Exhaust Cle kv stk
exhaust valve closing, either by reverse pumping as engine

pumping action is either killed
outright or significantly reduced by
increasing engine speed and the effect
of the direction and inertin of the tail
end of the ainfuel charge entermg the
cylinder.

Extremely late valve closing makes
the effect of reverse pumping worse.
It can get so bad that mid-range
response will be so poor that the
engine won't be able to pull itself into
ity favorable power-producing speed
range. Late intake closing also
increases exhaust emissions. A
bulaneing sct goes on fn an effort 1o
avoid coming up with a "peaky”
engine—one that operaies beat at a
high but narrow fpm rnge. An enging
that has the intake closing point
delayed oo long will have o driver
that is accustomed 1o cars going by
when coming out of comers or off the
ling. By the time the engine is making
"pood power” IS time o get on the
brakes,

Enrfier intake valve chosing is what
gives an engine power al the brosdest
speed moge, It also improves klle, off-
nbout everything desirable, This is
because minimal reverse pumping
takes place at lower engine speeds,
allowing maore of the air/fuel charge to
be trapped in the cylinder mnd put 1o
work, Earlier intake-valve closing
even reduces exhaust emissions,

improves fuel economy and may also
Increase

There {3 one factor that you must
deal with when it comes to valve
timing . . . regardless of application:
Compromize. T's  always a
compromise between what you wianl
wersus whit you can get. 11's abaays a
trade-off, Bul “overcamming” an
engine is the easicst trap to fall imo,
resulting in a lazy, sogey performing
engine that gulps gas and blows out
emiasions. Avoid it,

Piston & Crankpin

Now that we've looked ot the hisic
relationship of valve events and piston
position relative 1o TDC and BDC,
let's dig a linle deeper, To get a clearer
phiture of what's golng on, bet's look al
the positions of the crankshalt and
phston between these two points,

Piston Velocity=The angular
rotation of the crankshaft within all
practicality is constanl at any given
englne speed. Bul due 1o the
relationship between the crankpin,
piston and the connecting md, piston
maotion is not constant, Rather than
having constant motion, the pision
accelerstes and decelerates in between
stopping and starting twice lo change
directions for esch crank revolution,
once ol TDC and once al RDC,

Now for o surprise: The crankpin is
not A7 from TDC or BDC when the
piston s midway between its up or
down stroke., Instead. s less than 907
down from TDC af mid stroke. When
the crank throw is at 90° the piston
travels more than half stroke (rom
TDC. The plot thickens: Because the
plston travels farther during the "first”
90° of crankshalt rotation, piston
velocity is higher from TDC 10 the
micdpoint than it is during the last half
of erank rotation. This is simply
beciuse the piston has more distance
1o travel for the same amount of crank
rotation for the first 90" of crankshaf
rotution, Further, maximum piston
velocity occurs before 907 of crank
rotation from TDC, This happens
exactly when the centerling of
connecting rod is 907 1o a line drawn
between the centers of the crankpin
and main bearing joumals, Maximum
piston velocity alse occurs al the
midpoint of piston travel, The
crankshaft angle at which both occur
s found by calculsting the tangent of
the angle, which s equal to
connecting rod length divided by

161



A: Cramkpin Angle @ TDC

B: Crankpin Angle @ Max,
pistan velocity on dewnsiroke

C: Crankpin position & BOC

D: Crankpin position @ max.
pistan velocity on upstroke

E: Crankpln angle @ 90" ATDC
F: Ceankpin angle & 00° BTDC

iﬂﬂn Pin (TDC)
Piatan Pin @ 90° Crankpin Angle
Tan ) = ﬂu lan i /

Piston Pin @ Maximem Valogity

Piston Pin @ BOC

Whave the crankpl | ol TOC and BOC s faliy olwioun. bt
rotile B0 freem TDC, B robotes less tham 907,
the giwton in Baifeay down s Bors depands on
arankahaft sireke and conseciing-rod bangih.

Waltway dovwn the bors. The crankpin dossn

At
How much 8 crank rotates from TOC 10 whea

sqiaation

crunkpin radios, or 1/2 orankshalt
stroke,

The drawing above (Hustrates a
typical engine, It hos o 4-in. stroke
and a Gein-long connecting rod. From
the above equation, maximum piston
velocily 15 reached at u crankshaft
angle whose tangent is 6,000 in
divided by half the stroke, or 2000 n.
The result is Tangent ©= 3,000, Using
your trusty calculator, O m 71° 34,

Aol 50 olvious when o platon i

The angle bs eslculsted using 1he sbove

The piston acceberates from TDC until
it renches this angle, From this point
of maximum acceleration until it
decelerates (o a stop at BDC, the
crankshaflt must travel another 1087
26', or 180" — T1"34, This is true for
bt power ad intake strokes, On the
other side |t takes 108° 26° for the
pisten to sccelerate from BOC 1o its
point of maximum velocity on the
exhaust and compression strokes. The

piston then deceleries on iy trip wp
the bore until it stops at TDC for 71°
M of crunkshafl mtation.

Alternate, but unequal periods of
neceleration and deceleration exert
considerable influences on optimum
valve timing for given applications,
Different rod lengths or strokes
change how o piston moves up and
down its bore, And because the piston
is doing the pumping, valve opening
and closing must be tailored 1o
acoommodate the piston,

Valve 'llmln' on Piston
Upstrok

Let's Imll. it how the valves and
piston shoubd “dance” with each other
starting with the three valve events
thett occur during the upstroke of the
phston.

Exhaust Lift—Maximum 1ifl
should be reached approximately
when the piston repches ils masimum
rute of acceleration on exhaust stroke
b it pumping losses,

Intake Open—The intake should
begin o open about where the pision
reaches (ix maximum rate of
deceleration during the exhausi
stroke. This is to prevent oxcessive
pirffuel-mixture dilution as the front
of it enters the combustion chamber.

Intake Closed—The intake should
cliowe before piston resches maximem
rate  of acceleration on  the
compression stroke to minimize
effects of pressure reversal in the
eylinder,

Keep in mind that the piston
behaves the same in terms of
aceeleration, deceleration wnd speed
on both exhoust and power strokes.
But what the valves are doing nelative
1o the piston is different, and the
differenee in lenms of importance
considerable, The most important by
far is intake vilve clostng, This is
followed in impontance by intake-
valve opening. A distant third is
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maximum cxhaust valve lift.
Valve on Piston
Timing

As the piston trvels from TDC 1o
BDC, it acceleraies and decelerates
the same on both intake and power
sirakes. Just as on the upstroke there
‘are three valve events on the

downstroke:
Exhaust Opens—Blow-down

| occurs during piston deceleration &

the end of the power stroke. Most of

| the combustion energy has been
eonvened to wseful work, so it's time

tor gt i of it 5o that pumping losses
are minimized. Cylinder pressure is
much higher than ammospheric at this
poing, so exhaust gases blow out past
the exhsust valve. Cylinder pressure is
redoced to sliphtly more than
atmospheric when the piston begins
the exhavst stroke, meaning the piston
hax less pressure to push aguinst as il
passes BDC and begins its upsiroke,

L

Exhaust Closes—It closes at the
beginning of the intike stroke ss the
piston accelerates, but before it
reaches its maximum rate of
acceleration, This minimizes the
escape of excess ainfuel charge past
the exhaust valve and keeps the
trailing end of e exhagst gases from
being drawn back into the cylinder as
pressure changes from above
atmaspheric 1o below atmospheric,

Intake Lift—Full vatve Iift should
be: reached during piston deceleration,
but before maximum rate of
deceleration. The intake valve lags
behind the piston so a pressure
differential is created beiween the
cylinder and atmosphere for a
maximum number of crankshaf
degrees as is practical. This allows the
incoming ainfuel charge 1 reach the
highest possible velocity 1o maximize
its imertia, thus continue cylinder
filling as long a4 possible into the
compreasion stroke,

Of the six valve events just
described, some dre mone mmportant
than others, In order of importance,
they are:

1. Imtake vilve closing.

2, Intake valve opening (could be
reversed with exhoust valve depending
on conditions).

3. Exhanst valve closing (could be
revered with intake-valve depending
om eonditions),

4. Exhaust valve operning.

3. Maximum intake valve lift

6. Maximum exhaust valve 1ifL

As stated earlier, vou have 1o be
hunest with yourself when choosing a
cam. This requires providing answers
1o some straightforward questions.
Easy questions wr answer are; What is
my engine’s displacement, vehicle
weight, final gear ratio, transmission
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type and intended application?
Questions 1o anywer concerning
performance ane tougher because they
are more of bess subjective

Determine Your Needs

Before you atlemp 10 come up with
the answers, clear your mind of all
fairy tales, alignment of the stars,
myths and prejudices. The obyect 15 o
get & camshafi that works for your
engine regandless of duration, overlap,
lift and such. As an example, o small-
displacement engine needs all the
1ongue it can produce, pamiculardy at
low engine speeds. Long-duration
cams with very high lifts arc out of
the question. Although great for most
race engines, a sireel vehicle so
equipped would need a push from the
neighborhood kids to get out of the
driveway. With that said, answer the
follorwang:

1. What do | wan from my engine that
it dadn’) have?

2. Am | willing 10 sacrifice foel
economTy for more power?

3. Is a smooth idle and low-spoed

164

driveability importan?

4. Are exhaust emissions or laws
relating to them a problem?

5. Do | want power af low and mid-
range engme spoeds or i higher-rpm
oultpul more imporiant?

Additional gquestions sddress
practical matiers such a:
6, Will | do the mstallation or will |
farm out the job 10 someone | know i
L

compeient’

T. Il meeded, am | willing 10 notch the
pestons in onder 1o obtain the correct
prston-do-valve cleananoes?

&. Can | get all the right parts the fird
time from one source”?

Using the answers (o the above
questions wrilien down on & sheet of
paper and a catalog from your favorite
camshaft manufacturer, begin the
sclection process. Al the top of your
list write DO NOT OVERCAM. “Too
much” canshafl is much worse than
oo Ditthe.”™

Street Cams
For the sireet, you're dealing with
what is basically a sock engine where

idle, off-idle, throttle response, all-
around driveahility and emissions
regulations ane important consideras
tioes, Realire that except for the “dog-
days” of the early "T0s through the
carly "80s where ongine performance
wis onevisient primanily becase of
cam design, i's virtually impossible to
improve performance at one engine-
speed range withou! compromising
other characteristics, including
performance al another speed range.
But if you want 1o install something
other than the prodection cam, let's
take a look at the numbers: Generally,
lift should mot exceed 0.470-in. nor
more than 240°-270° effective
duration, which is really advertised
duration. Effective duration begind
when the valve is far enough off its
seal to allow the port 1o Mow, or shout
0.015 in. This translates to (L0100
movermnent o the lifier with & rocken
arm ratio of 1.5:1.

When comparing camshaft
specifcations, make sure they are
obtained using the same checking
method. For example, one cam
manufaciurer may sdvertise & com

.!
!
o

Opaning remp of sold iMer cam lobe provid

“ﬂlﬂﬂmﬂh&nhh“&mﬂﬂnuﬂ
epenesd Closkng ramg sates ciouing saive on o . sesl befors aricading valvetisin

Irﬂ has 3N of effective duration
measured st who knows at exactly
what lifier movement. The same cam

| may have a duration of 220° when

“measured at 0L020-m lifier movement

or 205° duration and no overlap when
measured at  0.050-in.  lifer
movement. The SAE (Society of
Automotive Engineers) specifies

|| 0.004 in. of Hifter lift for measuring
| duration. This will result in 40°-50°

mare duration than if measured o a
ljfter lift of 0030 in. for the same
carmshafl! The point ix, the mone lifter
movement method yiclds less
messured duration, so make sure you
compare apples lo apples when
shopping for a cam, Normally, the
0.050<n. lifter movement is used for
advertiing high-lift cams—ones that
give 0.600-in. or more valve lift.
Fortunstely daration at 0.050-in. lift is
uwsually supplicd on cam cards for
checking purposes regardiess of LN
-ﬂmm

s0 does overlap; the (wo cannal be
separated. As explained earlier, as
overlap increases, so docs imtake
charge exhaust gas dilution, air/fuel
charge loss out the exhaust and a
resulting cylinder pressure loss at
lower engine speadi. So il's betler
go with less overlap—duration—un
the engine will retain as much
cylinder pressure as possible
Cylinder pressune loss with an engine
already suffering from low
compression regandless of how good
the cam is will resall in an even
soggier performing engine. There's
more bad news. Manifold vacuum
may suffer so much with a high
duration cam that vacuum operated
accessonics, including power brakes,
will not operate satisfactorily. 5o be
conservative when choosing a cam for
a street engine, particularly if
compression is low. Your best bet
may be a faciory high-performance
cam of cquivalent. In tenms of engine
performance and  driveability,
remember that o's much better 1o e
on the ude of conservatiam,

High Compression—For a high

compression engine, more duration is
fine in serms of lost cylinder pressune,
st bow manifold vacuum may still be
a problem, If not, all you should be
concerned with is driveability,
economy, legal considerations and

power output in the rpm range noeded
fow vour application. Above all, dont
be swayed by the decals on your

hero's car. A pro is paid 10 put them
there and what he actually runs may
be different. So for the street, a sl
lifser cam is sbout as far as you should
go. And one from the factory may be
the best bet. For open exhaust, ofl-
road wse—racing—consider a high
lift, short duration cam from an
aftermariet cam grinder.
Final Words On
Camshafts

Nt only have the car manufacturers
done a lot of dyno and actual use
testing of their cams, so have
aftermarkel cam grinders. The
difference is, originally installed
factory street performance cams are
milder becuse of a balance they must
maintain between driveability,
economy and performance. Meeting
emisssons standands is something they
must both live with. But for the
weekend wamion who could care lews
ahowt economy of driveability, an
ahermarket cam grinder will have
more 1o offer. After all, that's his
business. And some of these cams are
offered in factory molorsports
catalogs, so dont ignore the Bacwony’s
performance equipment. So when
choosing a cam, lean heavily on
recommendations found in both
factory performance catalogs and
those from cam grinders. Coupled
with the information you've gained in
this chapter and recommendations
found n catalogs, you should be able
to come up with the right cam for
your engine. And by all means, DO
NOT OVERCAM your engine! B
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om Monroe built his first

engine in 1957 while in

high school, It was a

flathead Ford, modified

with adjustable lifters,
special valve springs, "34-race”
cam, ported, polished and
relieved, milled heads and twin
Stromberg carburetors and
installed in hds 1951 Foed. Pars
fot this project came from retired
race engines. More imporiantly,
information came from a
three-issue article by Roger
Huntington in  Hor Rod
Misgozine. This engine building
expérience lead to bigger things,
nol to mention rebuilding
transmissions and rear axles
because of the exira power given
the tirgd flathend. Boumding out
his high-school career, Tom
crewed on o supermodified dart-
rack car race team.

After gracduating from college
in Mechanical Engineering. Tom
took & position with Ford Motor
Company as a chassis-design
engmeer. One of his assignments
involved the design, building and testing of LeMans,
CanAm and TrunsAm race cars, During his spare time,
he helped campaign a MeLaren CanAm ropd-race car
al race courses from Elkart Lake, Wisconsin, to Sebring,
Flomida,

Later, Tom launched his own engineering-consulting
business, Activities included the design, build and testing
of Pro Stock drag cars, late-model stock cars, road-race
cars, NASCAR modifieds, Formula Super Vs and off-
moad race trucks. In 1981, Tom st the C-Production land-
speed record at the Bonneville Salt Flats at a speed of

217.849 mph in 1981, As of this wriling the recond still

During the mid-708, Tom was the chiel enginesr on the
Bricklin sports cars. Afterwards he became the astomotive
editonal director of HPBooks, a position he held antil
1987, In addition 1o doing engineering and race-car
consulting work, Tom is instructing in the Engineering and
Technologies Division st Catawba Yalley Community
College in Hickory, North Caroling. To round out His
background, Tom is a registerad Professional Enginesr and
ASE cerified Master Automotive Technician. B
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OTHER BOOKS FROM

HPBOOKS AUTOMOTIYE

HANDBOOKS

At Ekxtncal Handionok, (-59486-248.7

At Upbubisery & letersces: 1-857K6. 2687
Hrake Handbook: (8045 2125

Car Badder's Handbook: |-55TEK-77R.9

St Hcker's Handbouk. (5988 16403

Timbur Hyudrs-mastsc 180 Hansdbonsk OBOSRG-051 -1
Wekler's Handhook: |.35788- 2649

BODYWORK & PAINTING

Automotrve Detading: |- 35TRE- 2856
Automotzve Pasnt Handbook. 1-$5TRE-201-6
Piberplass & Composite Matorials, 1-55788-215.4
Whetal Fabricatr s Handhook: (-898606- X709
Print & oy Handhook: 1-35TRE-0R24

Short Metal Handhaook 0#9585-757.4

IHDUCTION

Haliey 4150 (L80ARR0OST. §

Haliey Carbrarriors, hlanfokls & Foel Ipecson: 1557880821
Raxhwestor Carbiarston: 0825 66 301 4

Twbocharpers. 0-8%580- 1 154

Wooker {artsarrioi (- FPARG- 1774

PERFORMANCE

Avrodyramics For Racing & Perfomsssce Cars. 1-35TRR-287-3
Haps Bupy & Bugpies 0595 | M0

Hap: Block Chevy Performance |- 55TER. 2169

Ry Block Mopar Performanor: | -35TRE. W05

Bracket Racing. |- 35TER- Mb-5

Beake Sysenn |-ASTHE- 2819

Camaro Perionmnce: |-35TRE-057-3

Chosers Engmeermy: 1. 557000957

Chevrolet Power |- S5THE (RT3

Ford Windsaw Soall-Block Performance 1-95788- 1218
Homda/ Acura Perfonmmunce: 1-55788- 1246

High Performance Hardware: |- 53788 M- |

How o Busdd Toe-Frve Chevy Trocks (35571 1-35788.28%-)
How e Mot Bl Bag-Hbock Chevyo 009 ] 2S00 7

How w0 et Rod Srmall- Block Chevys 0091 2656069
Horw 1 Mt R Srmall- Block Maopar Engmes. 0005864727
vt Fhot Rund VW Fanganees 0091 26504134

Forw w0 Make Yo Car Flatudle 0091 365 56K

ot Langenfclier Modifyang Smali-Block Chevy: 139788 208.X
Muntang A0 Frojecse: 1- 357881734

Muntang Performance ("P9-93) |-557T88-193-6
Muitang Performance I (T9-93); 155788 X2-9
H01 Hegh Performunce Tech Tips: 1-357KS- 199-5
Performance |gmitson Sydems: 1.557%8. 3068
Prriormanoe Whoels & Tirew: |- 55768 286.X
Race Car Engncering & Mochemics: |- 55TRS(0d-6
Small-Bhock Chevy Porformasce: 1-357H8-24)- 3

EHGINE REBUILDING

Engine Buildor's Handbook - 557TkS. 248.2
Rebaibd Awr-Cooked VW Engines: (-89386- 2254
Rebuibd Bag-Hiock Chevy Eagines: (159584 175.4
Rebunkd Bag-Block Ford Bapncs (99960703
Rebuaibd Big-Hiock Mopar Bapiscs | 357661901
Rotudd Furd V8 Dngimes. O 86856008

Rebuibd Small-Block Chevy Engines 1-35788.029.5
Rebuibd Sl Bhock Ford Ergpine 1091 36086891
Beeburibd Senall Block Mo Engines. 02995861283

RESTORATION, MAINTEMANCE, REPAIR

Carmuro Owner s HamShook (%7-%1 5 |-35THE-30)-7
Camarmn Resaossion Handbook (67-%1 1 O-0rs. 5748
Chansec Caw Restower's Handbook: 1-S5758 1944

Corvetie Woekend Prosocts (68-'E2) | S57ER.21R-5
Musiang Restoratwm Handbook Tl 172- 700 0-85 5864029
Muntang Weekend Progects (64570 1557882503
Mintang Woekend Projocts 1 068-T00 198788 2460
Tov-Froe (hevy Dwmers (4557 1.55TRE. 28051

GEMERAL REFERENCE

At Mathy 1.557K8004

Fabulous Funry Cas' 1-857K8080.7
Chuide b (M Matncle Canc. 1-5780-0003-4
Stock Can |-S57H8. 064

MARTHE
Bug-Block Chevy Marsne Perlormance: |-55718-207.5
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